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Asian countries have become one of the largest export markets for US food 

developers during the past decade. Understanding consumer expectations and needs in a 

cross-cultural framework has gained importance for new products to succeed in the 

international markets. A sports-drink, which is a functional drink for athletes, has been 

successfully introduced in the US. The product is also growing in popularity 

internationally. However, the concept and product sports-drink is relatively novel among 

Asians. The overall objective of this study was to investigate cross-cultural consumer 

acceptance and fundamental factors driving diversities in food acceptance using a sports- 

drink varied in sweetener concentration. 

In the first part of the study, respondents (372) from Indonesia, Korea, Mainland 

China, Taiwan, Thailand, and United States evaluated sports-drink samples at four 

sweetener levels. Respondents' expected sensory characteristics, concept fitness, 

functionality, and experience with twenty commercial beverages were also evaluated. 

The results show that the optimal sweetness level for the sports-drink was lower for 

Americans than Asians. The degree of increase in perceived sweetness intensity over 



sweetener levels was greater among Americans than Asians. Also, there were 

considerable cultural differences in expectations for various beverages. In addition, 

experience with a product was another key factor affecting expectations. 

Based on the results from the first part of the study, a model delineating the 

processes of hedonic and intensity rating incorporating familiarity, concepts, and context 

effect was developed. To investigate the significance of this model, expectations were 

rated and sensory testing was carried out by modifying concepts and using different 

contexts of beverages. People (256) from Mainland China, Indonesia, Korea, and United 

States (US) participated in this experiment. The length of exposure to a sports-drink was 

a key factor affecting the optimum sweetener level for a sports drink. Concept influenced 

both expectation and taste rating of a sports-drink for the panelists who had been exposed 

to the sports-drink longer. Less exposed panelists were only affected in their taste rating 

by different concepts. When the concept was less acceptable, the acceptance rating of the 

optimum sweetener sample was also lowered. US panelists had a different expectation for 

a lemon-lime flavored beverage than did Asians. Ideal sweetness intensity ratings for 

general beverages was a good predictor in determining for panelists' optimum sweetener 

level for a sports-drink. Based on the model proposed, cross-cultural diversities in 

sweetness preference were better understood. 
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Cross-Cultural Sweetness Preferences for a Sports-Drink 

1. THESIS INTRODUCTION 

Success of a new product depends on identifying and meeting consumer 

expectations through acceptable concepts and products. During the past decade pacific- 

rim countries have become one of the largest markets for US food developers to export 

food products. Consequently, consumer characteristics and food preferences in pacific- 

rim countries are of interest to food researchers (Prescott et al., 1997; Yeh, 1999). 

A sports-drink, which is a functional drink for athletes, has been successfully 

introduced and marketed to both athletes and general consumers in the US. The product 

has also become popular in the international market. However, the concept and product 

"sports-drink" are relatively novel to consumers especially in Asian cultures; consumers 

in each country have had a different length of exposure to the product. 

In cross-cultural taste perception studies, similarity exists between cultures 

regarding sensitivity and hedonic ratings for sweetness in a basic sugar solution (Druz 

and Baldwin, 1982; Laing et al., 1993; Prescott et al., 1992). However, striking cultural 

differences are observed in hedonic ratings for food acceptance (Druz and Baldwin, 

1982; Bertino and Chan, 1986; Laing et al., 1994; Prescott et al., 1997). Cross-cultural 

diversities in acceptance of foods were more pronounced when the products were not 

equally familiar to the panelists. The fact that the respondents of different countries 

perceive basic solutions similarly but rate hedonic responses to food products differently 

implies that social (education, food habit, familiarity, attitude, and etc.) and 



environmental (availability, weather, and etc.) factors may contribute to development of 

cultural food preferences. 

There is a crucial need for investigating the fundamental factors driving cultural 

differences in food preference to better understand and predict cultural diversities. A 

major factor contributing to cultural differences is a difference in the degree of familiarity 

with products among panelists in different countries. Zajonc (1968) originally proposed 

that mere exposure to a stimulus enhances ones attitude toward it and this effect is more 

pronounced when the stimulus is less familiar to the subject. "A large mouse that ran up 

the trunk of a small elephant" (Stevens, 1958) is a good example of showing human 

perception under a different context. Moskowitz et al. (1974) found that the optimum 

sucrose level varies depending on the food context. Only a few studies have investigated 

a second factor, the context effect under a cultural framework. Laing and coworkers 

(1994) showed different sweetness acceptance between panelists from Japan and 

Australia depending on the context of food. The results suggest that familiarity may play 

a key role in forming a cultural context for foods and beverages. Expectation is a third 

critical factor affecting product performance among individuals (Anderson, 1973; Olsen 

and Dover, 1979). Verbal information is one way to generate or alter consumers' 

expectation for a stimulus (Deliza et al., 1996). However, depending on consumers' 

beliefs, attitudes, and familiarity, verbal information may have a different impact on 

forming individuals' expectations (Kahnkonen, 1996). 

The overall objectives of this study were to investigate cross-cultural preference 

for sweetness under the context of a sports-drink beverage and to better understand the 

fundamental drivers contributing to cultural diversities. The first experiment was carried 



out in order to identify the optimum sweetener level of a sports-drink for different 

countries and to study what cultural diversity may exist in evaluating the concept sports- 

drink in relation to other beverage categories. Also, a model was developed relating the 

processes of cross-cultural food preference based on the results of the first study. Sports- 

drink samples modified in sweetener concentration (4 level) were evaluated without any 

information given about the product. Cognitive expectations for 20 beverages (including 

sports-drink) were evaluated. 

In the second stage of the study, the specific goal was to investigate human 

preference for food according to the model proposed in the first experiment and to 

examine the significance of the model. The effects of familiarity and concepts on 

expectations and acceptance for a sports-drink beverage was investigated, also groups 

having a different frame of reference for beverages evaluated expectations and 

acceptance for various beverage products (including sports-drink) to delineate the 

relationships between context effect, expectations and acceptance for a sports beverage. 



2. LITERATURE REVIEW 

2.1. Sports-Drink 

Functional foods are foods consumed as part of the daily diet that are designed 

and processed to provide health benefits for the consumer. There is a growing interest in 

functional foods for athletes, where the aim is to improve performance in sport 

(Maughan, 1998). The success of these products is readily apparent from the sales pattern 

which shows a rapid and continuing growth worldwide. Gatorade® Thirst Quencher 

(Stokely-Van Camp, Subsidiary of The Quaker Oats Co., Chicago, 111.) was the first 

commercially available beverage to meet athletes' fluid replacement needs (Colman, 

1991). The main purposes of this product category are to replenish body fluid and 

provide energy sufficiently during exercise to minimize the risk of injury. The main 

compounds in sports drinks are carbohydrates and electrolytes which serve as energy 

sources and facilitate the absorption of fluid. However, taste is an important factor 

influencing the consumption of fluids and the issues of taste preference further 

complicate the formulation of the ideal product. 

2.2. Human Preference for Sweetness 

A famous cave painting from Neolithic times which shows a person taking honey 

from a hive will probably be the first historic evidence of human preference for sweet 



(Pangbom, 1974). It is now well known that liking for sweetness is innate (Desor et al., 

1973) and universal. The cause of preference for sweetness may be attributed to both the 

sweet taste itself and the functional property of natural sweet compounds (i.e. sucrose, 

glucose) as energy sources. However, the desired intensity of sweetness differs between 

individuals and between population groups (Moskowitz, 1974; Desor et al., 1977). Birch 

(1979a) has found sweetness to be a factor accounting for about 35-40 percent of the 

variance in four year olds' preferences for fruit. Not only for youngsters but consumer 

groups in general, the level and quality of sweetness plays a critical role in for food 

product acceptance. We can observe this fact by looking at most of the research 

conducted to demonstrate the human behavior of preference by modifying sweetener 

level in food system. 

2.3. Factors Influencing Food Acceptance and Preference 

Food acceptance and preference has always been of great interest to the food 

industry since the ultimate goal of product development is to make food products 

palatable to the target consumers. Many factors affect preference and acceptability of 

foods and beverages. Some are intrinsic factors such as appearance, odor, flavor and 

texture. Others are extrinsic such as contextual, psychological, social, ethnic and cultural 

factors (Deliza and MacFie. 1996). Intrinsic factors in food systems were of major 

interest in traditional sensory science and extrinsic factors were regarded as biases and 

were controlled as much as possible. However, it has been recognized in the past decade 

that extrinsic factors play a significant role in food acceptance; many studies have now 



attempted to identify and quantify the influence of these extrinsic factors. There have 

been a number of models proposed which seek to delineate the effects of possible 

influences (Khan, 1981; Randall and Sanju, 1981; Shepherd, 1985). In general these 

models are catalogues of the factors that may have influences on the development of 

human preference for foods. The models are difficult to quantify, may not consider 

interactions between factors, and seldom weight factors which may change depending on 

the target consumer groups or environments. The following will review psychophysical 

and psychological extrinsic factors that may influence food preferences. Also the theories 

that attempt to explain the possible processes for determining food preference among 

consumers will be reviewed. 

2.3.1. Age 

Normal processes of aging affect taste thresholds which measure the sensitivity of 

an individual. On the average, taste thresholds for amino acids, sweeteners and salt are 

two times higher in elderly than the young (Schiffman et al., 1979; Schiffman, 1983 and 

Grzegorczyk et al., 1979). By becoming less sensitive in perceiving taste, an individual 

will need a higher concentration of the tastant to have the same perceived optimal level of 

the sensation. Also preference of sweetness level can be changed with aging 

independently from sensitivity change. Desor et al. (1973) compared the level of 

sweetness preference between adolescent and adult but not elderly. Younger subjects 

selected higher concentrations as their most preferred, indicating that aging can affect the 

preference of sweetness in humans. Similar results are found in other studies (Grinker et 



al., 1976; Cowart, 1981; Desor and Beauchamp, 1987). However results are not always 

consistent with the above results in actual food and beverage systems. Zandstra and de 

Graaf (1998) conducted sensory perception and pleasantness tests for an orange beverage 

with different age groups of consumers. Children and elderly subjects were less sensitive 

to the sweetness of sucrose and had a higher optimal sucrose concentration than young 

adults. They credited sensitivity differences in suprathreshold levels as the reason for 

different optimal sweetness levels among different age groups. De Graaf et al. (1994) 

showed that changes in optimal flavor concentrations with age were specific for different 

flavors. However, optimal flavor concentrations were higher for the elderly than for the 

young subjects in the case of bouillon, tomato juice and orange flavor. Optimal 

concentrations for strawberry flavor and sugar in yogurt were about equal. Nu et al. 

(1996) concluded that food habits and tastes are mostly related to age and gender. 

Interestingly, after puberty, some people begin to appreciate foods that they didn't like 

before. Nu explained that these changes are due to social and cognitive influences. From 

the above studies, we can see that aging and decreases in sensitivity alone do not control 

changes in acceptance and preference. Rather the outcome is due to the combination of 

changes in human sensitivity, and social and cognitive factors. 

2.3.2. Genetic Influence 

Genetically mediated sensitivity to the bitter taste of phenylthiocarbamide (PTC) 

and 6-n-propylthiouracil (PROP) has long been associated with enhanced sensitivity to 

other sweet and bitter compounds. Studies in taste psychophysics have distinguished 



between PROP non-tasters, regular tasters and so-called supertasters (Reedy et al., 1993). 

That distinction was not only behavioral. Anatomical studies confirmed that supertasters, 

most of whom are women, had the most fungiform papillae (Reedy et al., 1993). This 

sensitivity has a close relationship with patterns for taste acceptance and rejection of 

foods (Drewnowski and Rock, 1995; Gent and Bartoshuck, 1983). 

2.3.3. Body Status 

Body status is another factor that influences taste acceptance. Many researchers 

have investigated the relationship between sweetness perception and obesity. Evidence 

indicates that active weight loss through exercise enhances sweetness preference 

(Cabanac, 1971) and increases eating (Rodin et al., 1976). But dieting without exercise, 

on the other hand, has been associated with reducted sweetness preference and food 

intake. Physical exercise (Horio and Kawamura, 1998), and mental or physical stress 

(Nakagawa et al. 1996) also have been shown to affect changes in taste perception. The 

acceptance ratings for sucrose and citric acid in basic taste solution increased after 

physical exercise. After the mental tasks (i.e. unique letter search), the perceived duration 

and intensity of bitter, sour and sweet tastes shortened relative to a control measured by 

the time-intensity method. 



2.3.4. Exposure and Familiarity 

Familiarity is defined as "a function of the individual's exposure to an experience 

with that food" in Birch and Marlin's study (1982). Birch (1979a, b, and 1980) applied 

multidimensional scaling techniques to investigate the critical factors that strongly 

influence the food preferences of young children. Familiarity and sweetness accounted 

for a total of 50-60 percent of the variance in the children's preference data. Zajonc 

(1968) proposed the hypothesis that mere exposure of an individual to a stimulus object 

enhances ones attitude toward it. That is, acceptance for stimulus increases with 

increasing exposure. The effects of mere exposure on liking for food were demonstrated 

in several studies (Pliner, 1982; Crandall, 1985; Birch and Marlin, 1982). The effect of 

mere exposure is enhanced when the stimulus is unfamiliar to the subject (Zajonc, 1968). 

Most of the studies focused on increased acceptance ratings as a function of exposure for 

a single flavor concentration level. Few studies investigated the shift in optimal flavor 

concentration level (i.e. optimal sweetener level) for a food product as a function of 

exposure. Also, it has to be considered whether the increased acceptance ratings are 

actually the enhancement in liking or just becoming more tolerant to the stimuli. 

2.3.5. Attitude, Belief, Knowledge and Habit 

A great deal of emphasis has been placed on the role of nutrition knowledge 

attitudes, and beliefs (Tepper et al., 1997) in the selection of food. The studies 
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hypothesize that ones' degree of nutritional knowledge influences attitudes towards foods 

and thus affect behavior (Axelson and Brinberg, 1992). Also one way to change people's 

food habits is by a change in attitudes (Ajzen and Fishbein, 1980). Attitudes and beliefs 

about foods appear to be strong predictors of dietary behavior (Tuorila, 1987; Tuorila and 

Pangbom, 1988). However, depending on the definition of each term (factor) to 

consumers, experimental designs, and the types of food used, social factors contribute 

differing amounts of weight in affecting food preference. It also has to be considered that 

a lack of harmony between knowledge, attitudes and behavior of the individual do exist 

(Prattala et al., 1980) which make it more complicated to understand consumer's 

preference behavior regarding food systems. 

2.3.6. Culture 

2.3.6.1. Cross-Cultural Sensitivity for Sweet Stimuli 

As was mentioned earlier, taste sensitivity can affect taste preference. For 

example, if a subject has a low detection threshold, relative aversion to a higher 

sweetness level will easily occur at a lower concentration level compared to a subject 

who has a high detection threshold. A few attempts have been made to compare taste 

discriminabilty in different nationalities. There were both some degrees of agreement and 

disagreement in the results of those studies. 

Moskowitz (1975) conducted an investigation in cross-cultural sensitivity and 

preference of simple tastes. In this study, Indian laborers were highly sensitive in 
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sourness and bitterness but were in accord with European in salty and sweetness 

sensitivity. Moskowitz suggested that dietary history may have altered sensitivity for 

some simple tastes. Indian laborers had a unique dietary background compared to 

Europeans; they had a high consumption of sour food. However, sensitivity of detecting 

sweet stimuli among people of different cultural background did not differ in most cases 

(Druz and Baldwin, 1982; Laing et al.,1993; Moskowitz et al., 1975). 

The taste detection thresholds of panels representing three nationalities (Korea, 

Nigeria, and USA) were tested by Druz and Baldwin (1982). Although the type of foods 

consumed between countries were quite different, detection thresholds for basic tastes did 

not differ among the three nationalities. Similar results were shown by Laing et al.(1993). 

They investigated if there were differences in taste discrimination ability between 

subjects from Japan and Australia by using paired comparison test of sucrose solutions. 

There were no differences between the two cultures. 

Despite the fact that a couple of studies revealed similar results in sensitivity of 

sweetness, it is yet early to conclude that there are no cultural differences in the 

sensitivity of sweetness. Ishii et al.(1992) showed that Japanese discriminate significantly 

better than Australians for sucrose. The discrepancy between studies may be due to 

factors such as test design, subject sampling, etc. It implies that even from the same 

country, different results can occur, therefore generalizing the result of sensitivity 

between culture should be dealt cautiously. 
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2.3.6.2 Cross-Cultural Sweetness Preference 

It is evident that culture-specific food preferences exist. Although sensitivity to 

taste has an effect on taste preference for different flavor concentration levels, it does not 

play a dominant role cross-culturally, since in most cases sensitivity of sweetness among 

different cultures are similar (Druz and Baldwin, 1982; Laing et al.,1993; Moskowitz et 

al., 1975). There are researchers currently studying how taste preference differs among 

cultures. The studies focus from basic taste to food complexes and investigate the factors 

contributing to the cultural differences. 

Prescott et al. (1992) compared hedonic ratings of common tastants: sweet, salty, 

sour and bitter solutions between Japanese and Australians. The patterns of response 

were similar in both groups for all tastants. However, the majority of studies conducted in 

complex foods found cross-cultural disagreements in hedonic ratings for the tested 

samples. (Bertino and Chan. 1986; Druz and Baldwin, 1982; Mattes and Mela, 1986; 

Laing et al. 1994; Prescott et al. 1997) 

A few attempts have been made to correlate food preferences and dietary habits 

(Druz and Baldwin, 1982; Bertino and Chan, 1986). The hypothesis is that dietary habits 

will play a critical role in influencing food preference on individuals. In those studies, it 

was successfully proven that there are cultural differences in preferring sweetness levels 

in food, but they failed to find any relationship between dietary habits and sweetness 

preference level. For example, Bertino and Chan (1986) investigated the relationship 

between taste perception and dietary habit in two ethnic groups (Chinese and European). 

Chinese subjects assigned higher pleasantness ratings to the higher concentrations of 
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sucrose in water and showed a tendency to rate sucrose in cookies as tasting more 

pleasant. This higher pleasantness rating of sucrose was not reflected in increase of sugar 

intake. Whereas higher pleasantness for salt in cracker among Chinese reflected subject's 

salt intake in their diet. This result implies that dietary habits have an influence on some 

of the tastants but it is difficult to extend the assumption to all four basic tastants. 

Another focus was on the cross-cultural relationship between familiarity and 

preference for food products. Comparison of sweetness preference between Japanese and 

Australians in six food categories (beverages, biscuits, cereals, chocolates, fruit juices 

and jam) was done by Laing et al.(1994). Similar responses were obtained for the two 

panels in sweetness liking with jam and fruit juice but considerable disagreement 

occurred with beverages, biscuits and chocolates. They concluded that familiarity with 

the products may have an influence on sweetness response. That is, jam and juice have 

little variation in products between cultures compared to beverages and biscuits, which 

differ widely. 

This result is supported by another similar study. Prescott et al.(1997) evaluated 

cross-cultural sweetness intensity and liking (panels were from Japan and Australia) in 

three foods - orange juice, ice cream and breakfast cereal, each product manipulated to 

various sucrose levels. These products were selected assuming that they are generally 

consumed in both countries. The panelist between two countries generally agreed in the 

intensity and preference of sweetness except for cereal, which were preferred by Japanese 

manipulated at a high level of sucrose. This disagreement may be due to less familiarity 

with cereal and the different contextual use of the product in Japanese panels compared to 

juice and ice cream; cereal is not yet widely served as breakfast meal in Japan. Based on 
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both of studies, it can be suggested that familiarity of the product may affect the 

preference of sweetness liking. However, only a few studies were focused on this issue 

and both were limited to Japanese and Australian nationalities. 

2.4. Measurement and Prediction of Food Preference 

2.4.1. Effect of Product-Category Schema on Consumer Expectations and 
Acceptance (cognitive processing for novel foods) 

The cognitive processing based on the product-category schema has successfully 

explained part of consumer expectation and acceptance behavior for a novel food 

(Stayman et al., 1992). Stayman and coworkers (1992) defined product-category schema 

as "organized structures of prior knowledge stored in memory". Prior knowledge about 

the product refers to typical attributes, relationships among attributes, and relationships 

product category and others in this study. How well a new product information fits to the 

individual's product-category schema has an important effect in evaluating the product 

(Alba and Hutchinson, 1987; Cohen and Basu, 1987; Loken and Ward, 1990). Sujan 

(1985) investigated how cognitive processing may take place when information of 

product attribute does or does not fit consumers' product schema. Results show that 

expert consumers relied on actual attribute information when they detected an extreme 

discrepancy between product attributes and their stored schema representations. On the 

other hand, non-experts continued to rely primarily on their schema representations. 

Stayman et al. (1992) examined how processing based on product-category schemas 

interact with consumer expectations for a new product and affect when expectation is 
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disconfirmed during the product evaluation. The results show; 1) when information of 

attributes for new product is very different from individual's product-category schema, 

consumers may switch schemas in forming expectations; 2) acceptance tend to decrease 

when product evaluation does not meet consumer expectation generated by product- 

category schema; 3) Consumers more rely on product category schema in evaluating the 

product, rather than analyzing the product attribute alone. Tuorila et al. (1998b) examined 

the effect of expectations and the definition of product category on the acceptance of 

unfamiliar foods. Expected and actual acceptances of unfamiliar and familiar foods were 

investigated to evaluate the effect of positive information on product acceptance with 

presence or absence of product category information. The acceptance of an unfamiliar 

food was largely affected by how it related to familiar foods that are part of an 

individual's current diet indicating that consumers rely on their product category schema. 

2.4.2. Relationship between Psychohedonic and Psychophysical Function 

De Graaf et al. (1996) investigated the cause of differences between youngster 

and elderly in optimal flavor concentration using four series of food. He proposed two 

hypothetical functions, namely psychohedonic and psychophysical function, as the main 

contributor in delineating the optimal concentration differences between the two groups. 

Psychophysical function is defined as concentration-intensity function in his study. This 

function hypothesizes that people have similar perceived optimum flavor intensity level 

but differ in sensitivity and thus resulting in different optimum concentration. 

Psychohedonic function is defined as intensity-pleasantness function. This function 
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hypothesizes that people differ in perceived optimum flavor intensity but have similar 

sensitivity and thus leading to differences in optimum flavor concentration between the 

groups. 

The results showed that the optimum flavor concentration was higher for the older 

subjects throughout all of the food samples tested. De Graaf concluded that these 

differences attributed to both psychophysical and psychohedonic functions for all four 

flavors. However, the degree of influence of each function depended on the context of 

food. Psychohedonic functions were less pronounced for the savory flavors than sweet 

flavors. In most cases, psychophysical function was a dominant factor in affecting the 

optimum flavor concentration level. The higher optimal concentration level for the 

elderly could be partly explained by the phenomenon that the elderly need higher 

concentration levels than the young subjects to achieve a similar perceived intensity 

level. 

2.4.3. Scaling Effect 

Stevens' (1958) example of "a large mouse that ran up the trunk of a small 

elephant" is a good example of showing relativism in judgements under different context. 

The context effect was extensively studied mostly concerning with basic solution and 

scaling effects (Schifferstein and Frijters, 1992; Stillman, 1993; Schifferstein, 1994; 

Rankin and Marks, 1991). Manipulating stimulus spacing, stimulus frequency, or 

stimulus range affects the mean intensity judgements of stimuli. When subjects are 

presented with many low intensity stimuli, the ratings are higher than when many high 
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intensity stimuli are presented (e.g. Riskey et al., 1979). Moskowitz et al. (1974) found 

that the optimum sucrose concentration level varies depending upon the food tasted but 

that its relationship to perceived sweetness is invariant. However, not many studies dealt 

with contextual effect considering food complex system, respondent's familiarity with 

the products (degree of novelty of the product), liking of the product, or the issue of 

categorizing the food product (cognitive aspects) which can be significantly influential in 

contextual effect. 

Two interesting studies have dealt with the context effect. Riskey et al. (1979) 

studied the effect of context in judgements of sweetness and pleasantness while Laing et 

al. (1994) evaluated context effect in a cultural framework. In the study done by Riskey 

et al. the effect of the immediate stimulus context was investigated for perceived 

sweetness intensity ratings and also for hedonic ratings of soft drinks containing different 

concentrations of sucrose. Perceived sweetness intensities were accurately predicted by 

Parducci's (1974) range-frequency model of judgement. Hedonic ratings were also 

affected by context; the optimum sucrose concentration levels were always the 

intermediate of perceived sweetness intensity in their respective contexts. The contextual 

framework of a food system will also be affected by the cultural factor. That is, the 

difference in relativism among cultures (flavor, texture, odor etc.) will affect the intensity 

and hedonic ratings of foods. A good example is the study done by Laing et al. (1994) 

Australians and Japanese evaluated the sweetness of 36 products from six food 

categories. The showed that the liking for sweetness levels appeared depend on the 

context of the product and familiarity with the product. Cross-cultural agreement were 

observed for jams and fruit juices in the ratings between the two countries. Differences 



18 

occurred between the two countries especially in sweetness liking for beverages, biscuits 

and chocolates. Authors concluded that familiarity with the product influenced sweetness 

responses, since the panelists gave higher hedonic ratings to the products that were 

produced in their own country. The results suggested that significant number of products 

from either culture needs modification of sweetness level in order to increase the 

acceptance by the other culture. 

2.4.4. Cross-Cultural Scale Usage 

Yeh (1999) investigated the usage of the 9-point hedonic scales translated directly 

from English into their respective language among US, Chinese, Korean, and Thai. The 

results showed that Chinese, Korean, and Thai use a smaller range of the 9-point hedonic 

scale than Americans. Also, different types modified hedonic scales were effective for 

panelists in Asian countries. Cultural adaptations with length of residency in the US were 

observed for using standard 9-point hedonic scale among Chinese from Taiwan, Koreans, 

and Thais. They used standard 9-point hedonic scale more effectively than the panelists 

from their respective country. However, cultural adaptations for food preference were not 

detected for Thai and Korea consumers residing in the US. This study suggested that 

Koreans and Thai residence in US could serve as representatives of their native countries 

in investigating food acceptance with using 9-point hedonic scale effectively. 
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2.4.5. Expectations 

Expectation is a key factor affecting the consumers' decision and satisfaction for 

the product (Anderson, 1973; Olsen and Dover, 1979). Expectation can be categorized as 

two types: 1) a sensory based expectation, 2) a hedonic expectation. Depending on the 

degree of confirmation or disconfirmation of expectation in actual product performance 

can produce various outcomes in consumer's behavior. 

Anderson (1973) proposed four psychological theories to illustrate the possible 

processes that may take place when discrepancy with expectation is created in actual 

product evaluation: 1) assimilation, 2) contrast, 3) generalized negativity, and 4) 

assimilation contrast. Assimilation theory proposes that the consumer will minimize any 

discrepancy between expectations and product performances, by changing his perception 

of the product to bring it more into line with his expectation. Contrast theory assumes that 

the consumer will magnify the disparity between the product received and the product 

expected. Generalized negativity supposes that any discrepancy between expectation and 

product performance will result in a less favorable rating. Assimilation-contrast theory 

assumes that there are limits of acceptance or rejection in consumer perception. 

Many studies have investigated the effect of expectations by modifying the 

information provided to consumers with relation to other consumer cognitive factor such 

as attitudes, belief and life style. Deliza et al. (1996) examined the effect of information 

on consumer's assessments of basic tastes. They tested a hypothesis that information will 

have stronger impact on the people who have less sensitivity for bitter and sweetness in 

supra-threshold level. All the consumers altered their ratings after reading the information 
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regardless of their sensitivity. However, information had no effect on trained panel, 

suggesting that factors such as experience and training can control the way consumers are 

influenced by information when assessing sensory attributes. Zellner and Brown (1988) 

successfully increased the acceptance ratings of unfamiliar beverages in panelists by 

changing their expectations regarding the temperature at which an unfamiliar beverage is 

usually consumed. In this study, Culture-based expectation was a critical factor in 

determining the appropriate temperature for food. Kahnkonen et al. (1996) examined the 

effect of nutritional information on product perception. Subjects who were concerned 

about food and health were more positive in hedonic ratings for low-fat spread. 

Information had stronger impact on the concerned subjects indicating that information 

effect is consumer type specific. Similar results were shown in novel food studied by 

Tuorila et al (1998a). Studies show that if information or products are related to 

healthiness, attitudes and dietary restraint influence the effect of that information 

(Shepherd et al., 1991/2). Also, the influential effect of information varies depending on 

whether the product is familiar or not. Informaton has greater influence when the product 

is more novel to the consumers (Cardello et al., 1985). 

2.5. Multivariate Analysis 

Multivariate analysis is analysis of data that has multiple responses for each 

individual or unit studied (Johnson and Dean, 1982). Multivariate analysis has become a 

very useful tool in consumer research and product development in food industry due to its 

effectiveness in following situation. It is mainly used in data reduction (Principal 
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Component Analysis (PCA), Factor Analysis (FA), Correspondence analysis etc.), 

classification (Factor Analysis, Hierarchial Cluster Analysis, Discriminant analysis etc.), 

and data relationships (Multiple regression, Principal Component Regression, Canonical 

Correlation etc.) (Infosense workshop, 1999). 

The objective of multivariate reduction techniques is to create a few new variables 

that contain most of the information from many original variables. PCA and FA are 

performed for numerical or interval data and CA is used when the data are nominal or 

categorical (McEwan and Schlich, 1991/1992). PCA is performed in order to simplify the 

description of a set of interrelated variables. It can be summarized as a method of 

transforming the original variables into new uncorrelated variables which are called 

Principal Components (PC). PC's are linear combinations of original variables. 

Regression coefficients are estimated such that within a PC total variation is maximized 

and each is independent. Factor analysis is similar to PCA in that it examines the 

interrelationship among a set of variables. However FA has different objectives compared 

to that of PCA. That is, if the objective of PCA is in selecting the number of components 

that explain as much of the total variation as possible, the major emphasis of FA is to 

obtain understandable factors that convey essential information contained in the original 

set of variables. FA can use PCA or other factor methods to estimate the coefficients. 

Correspondence analysis (CA) (Lebart et al., 1984; Greenacre, 1984) is a 

multivariate method which looks at the correspondence (association) between row and 

column variables. CA can be regarded as performing a PCA on two nominal (or 

categorical) variables which make up a two-way contingency table. The fundamental 

property of CA is that principal component scores of row profile are proportional to the 
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loading of column profile and vise versa. The followings are a few guidelines in 

interpreting CA: 

1. The origin corresponds to the mean line profile and mean column profile. Thus, the 

importance of a point increases with its distance from the origin. 

2. The closeness of a sample and an attribute should be interpreted in terms of 

correspondence. 

3. The further away the two close points are from the origin, the stronger the 

implications. 

Another major interest in analyzing consumer research data is to segment or 

group consumers by their similarities. Cluster analysis is one of the most commonly used 

methods for classifications. Cluster analysis is a general term for procedures which group 

variables or cases according to some measure of similarity (Ennis et al., 1982). The 

variables within a cluster are highly associated, while those in different clusters are 

relatively different from one another. 
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3.1. Abstract 

Success of new products depends on identifying and meeting consumer 

expectations through acceptable product concepts and products. As the global market 

expands, it is critical that researchers understand how cultural factors influence 

expectations about a product and how those expectations affect product liking. The 

objectives of this study were to identify the optimal level of a sweetener in a sports drink 

for different cultures and to further investigate the factors that may affect differences 

among cultures. Respondents (372) from Indonesia, Korea, Mainland China, Taiwan, 

Thailand, and United States evaluated sports drink samples at four sweetener levels. 

Respondents rated the hedonics and perceived intensity of the sports drink. Their 

expected sensory characteristics, concept fitness, functionality, and experience with 

twenty commercial beverages were evaluated. Data analysis included multiple regression 

to evaluate sweetness preferences, correspondence analysis and principal component 

analysis to evaluate the consumer expectations. Cross-cultural differences were observed 

in optimal sweetness level for the sports drink. The optimal sweetness level in overall 

liking was lower for Americans than Asians. The rate of increase in perceived sweetness 

intensity over sweetener levels was greater among Americans than Asians. There were 

considerable cultural differences in expected liking, attributes, functionality, and concept 

fitness, suggesting that different perceptions of these factors among cultures may explain 

observed differences in optimal level of a sweetener. In addition, experience with a 

product was another key factor affecting expectations. 
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3.2. Introduction 

As global markets expand, the major goal of food developers is to successfully 

introduce new products into foreign countries. In the recent years, many studies have 

focused on consumer behavior such as food preferences and scaling usage in the frame of 

cross-cultural aspects (Prescott et al., 1997; Yeh et al., 1999). However, since many 

factors are involved in determining food preferences in different cultures, it is still left as 

a challenge to understand why and how consumers behave differently in the cultural 

context. Among the basic tastants, sweetness plays a critical role in developing successful 

food products since the preference for sweet is innate and universal (Desor et al. 1977). 

It was also clearly shown in the study by Birch (1979 a, b, and 1980) that familiarity and 

sweetness were the major factors explaining children's food preference data. Due to these 

reasons, manipulation of sweetness level was favorably used in research studying food 

preferences of humans. 

One of the earliest cross-cultural taste comparison studies was conducted by 

Moskowitz et al. in 1975. The intensity and preference evaluations on four basic tastants 

were conducted with Indian laborers and Europeans. They concluded that different diet 

histories between the cultures may have altered preferences and sensitivities in individual 

taste perception. Since then, cross-cultural consumer studies related to food behavior 

have mainly focused on: 

1. Investigating Cross-cultural perception for basic tastants of aqueous solution and food 

complex 

2. Understanding the critical factors contributing to any of the differences that may exist 

among different cultures. 
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Since sensitivity is closely related to taste acceptance, researchers have 

extensively studied differences in sensitivity among cultures (both in the threshold and 

the suprathreshold level) (Moskwitz et al., 1975; Druz and Baldwin., 1982; Ishii et al., 

1992; Laing et al., 1993). Sensitivity (Laing et al., 1993) and preference for sweet stimuli 

using basic sugar solution did not differ in most cases among different cultures. Prescott 

and coworkers (1992) compared the acceptance ratings for different levels of basic 

tastants between Japanese and Australians. Their results show that the respondents from 

both countries agreed in their ratings. However, Ishii et al. (1992) showed a contradicting 

result. Japanese discriminated among sucrose solution significantly better than 

Americans. 

- Unlike the similarity in the perception of basic tastants, cultural disagreements in 

taste perception are clearly observed in actual food systems. For example, Druz and 

Baldwin (1982) tested the acceptance of tomato juice and applesauce in varying 

sweetener levels with respondents originating from Korea, Nigeria, and US. Their study 

shows that the Koreans and Nigerians preferred the sweetened product to the control 

whereas the Americans preferred the control product. When Bertino et al. (1983) 

conducted an experiment using different levels of sucrose in cookies, Americans 

preferred a higher sucrose level in the cookie and perceived it to be less sweet compared 

to the Taiwanese. There are several additional studies that investigated the acceptance of 

sweetness in foods for different cultures (Bertino and Chan, 1986; Laing et al., 1992; 

Prescott et al., 1997). In most of the studies, predicting the optimal sweetness level in 

food products for different countries were very difficult. The fact that the respondents of 

different countries perceive similarly in basic solutions but perceive differently in food 
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product implies that social (education, food habit, familiarity, attitude, and etc.) and 

environmental (availability, weather, and etc.) factors can play an important role in the 

development of food preferences in human. 

Efforts have also been made to understand what factors may influence the 

determination of food preferences among different cultures. Many studies hypothesized 

that consistent exposure or familiarity to a certain food or taste may change the 

perception and preference for it (Moskowitz et al., 1975; Druz and Baldwin, 1982; 

Bertino et al., 1983, 1986; Crandall, 1985; Laing et al., 1994). Expectations of liking and 

sensory characteristic have also been suggested to drive the actual acceptance of food and 

thus improve or degrade the liking of a product (Cardello, 1993). Anderson (1973) also 

suggested that consumer satisfactions are strongly related to their expectation and can be 

measured in terms of the degree of disparity between expected and perceived product 

performance. 

Measurement tool of product acceptance is a critical factor influencing the 

interpretation of cross-cultural experiment results. Yeh (1999) showed that Panelists from 

Asian cultures use the 9-point hedonic scale differently and investigated the appropriate 

modified scale type for each country. Different types of modified hedonic scales had 

different effectiveness between the panelists from each country. A scale, which can be 

used universally with equal effectiveness for all cultures, has not been developed. 

However, Yeh (1999) suggested that cultural adaptations with length of residency in US 

improved in effectiveness for the use of the standard 9-point hedonic scale among 

panelists from Asian cultures. 
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Functional drinks for athletes which are so called "sports-drink" were first 

introduced to the US market a few decades ago and since then the sales have grown 

rapidly to both athletes and general consumers. A sports-drink has also been successfully 

introduced and has become popular in the international market in the past few years. 

However, the concept and the product sports-drink are relatively novel to consumers 

especially in Asian cultures and each country has a different length of history in being 

introduced to the product. In this study, a sports-drink will be defined as a functional 

drink which quenches thirst, replenishes body fluid and electrolytes after exercise. 

This study consisted of two parts. The first part was to identify the optimum 

sweetener level of a sports-drink for people different countries when the sweetener level 

was modified and no information was given about the product. The second part was to 

understand what the cognitive expectations were for 20 beverages of varying type 

(including sports-drink) among the consumers from different countries. The overall 

objectives of this study was to better understand cultural acceptance for a sports drink and 

to understand how consumers from different countries evaluate the concept of a sports- 

drink in relation to other beverage categories. 

3.3. Materials and Methods 

3.3.1. Subjects 

Panelists from six countries-r US, Mainland China, Indonesia, Korea, Taiwan, and 

Thailand- were recruited from the Oregon State University and the greater Corvallis 
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Community. Each of the ethnic groups was recruited through electronic mail, flyers, and 

personnel referrals by their respective ethnic student association on the Oregon State 

University campus. The numbers of participants from each country were: 82 US citizen, 

51 Mainland Chinese, 70 Indonesians, 73 Koreans, 36 Taiwanese, and 60 Thai. Most of 

the subjects' age ranged from 18 to 40 and approximately equal number of males and 

females participated in the study. Most of the Asian respondents (80%) had resided in the 

US for less than five years. The detailed demographic information is summarized in 

Table 3.1, 3.2, and 3.3. The testing was carried out in the Sensory Science Laboratory at 

Oregon State University. 

3.3.2. Stimuli 

Sports-drink powders formulated at four different sweetener levels (4%, 6%, 8%, 

and 10%) were provided by the manufacturer. The sweeteners (CHO) used in the 

formulation were sucrose and glucose in 2:1 ratios for all concentrations. The range of 

sweetener levels was predetermined based on previous pilot studies conducted by the 

manufacturer. Before testing, each level of the sports-drink powder was mixed 10 

minutes using magnetic stirrer with the appropriate amount of spring water. Sixty 

milliliter of each sample was poured into 85 mL plastic cups coded with 3 digit random 

numbers. All the samples were kept in a 4-7 0C cooler until served and were evaluated at 

8-10oC. 



Table 3. l.The number of panelists by gender from each country. 

|                                                                                 Country 

US Mainland China Indonesia Korea Taiwan Thailand Total 

N % N % N % N % N % N % N % 

Male 39 47.0 27 45.7 32 45.7 35 47.3 15 41.7 34 56.7 182 48.9 

Female 43 53.0 24 54.3 38 54.3 38 52.7 21 58.3 26 43.3 190 51.1 

Total 82 100.0 51 100.0 70 100.0 73 100.0 36 100.0 60 100.0 372 100.0 

N: Number of panelists 
%: Percentage of panelists by gender 

o 



Table 3.2. Age distribution of the panelists for each country 

Country 

US Mainland China Indonesia Korea Taiwan Thailand Total 

N % N % N % N % N % N % N % 

Age 18-25 37 45.1 10 19.6 67 95.7 16 21.9 10 27.8 32 53.3 172 46.2 

26-30 17 20.6 16 31.4 3 4.3 28 38.4 12 33.3 19 31.7 95 25.5 

31-35 10 12.3 20 39.2 0 0 14 19.2 7 19.4 8 13.3 59 15.9 

36-40 7 8.6 4 7.8 0 0 9 12.3 5 13.9 1 1.7 26 7.0 

41 or more 11 13.4 1 2.0 0 0 6 8.2 2 5.6 0 0.0 20 5.4 

Total 82 100.0 51 100.0 70 100 73 100.0 60 100.0 60 100.0 372 100.0 

N: Number of panelists 
%: Percentage of age distribution within a country 



Table 3.3. Years resided in US for Asian panelists 

1                                                                                           Country 

Mainland China Indonesia Korea Taiwan Thailand Total 

N % N % N % N % N % N % 

Years 6 months or less 4 7.8 1 1.4 9 12.3 4 11.1 4 6.7 22 7.6 

1 year or less 8 15.7 11 15.7 27 37.1 6 16.7 23 38.3 75 25.9 

3 years or less 19 37.3 24 34.3 17 23.3 11 30.6 16 26.7 87 30.0 

5 years or less 10 19.6 22 31.4 5 6.8 2 5.6 6 10.0 45 15.5 

5 years or more 10 19.6 12 17.1 15 20.5 13 36.0 11 18.3 61 21.0 

Total 51 100.0 70 100.0 73 100.0 36 100.0 60 100.0 290 100.0 1 

N: Number of panelists 
%: Percentage of years resided in US within a country 
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3.3.3. Procedure 

The test was conducted in two stages. First, the sensory evaluation for the four 

sweetener levels of the sports-drink was conducted. After the completion of sensory 

evaluation, a conceptual survey regarding the expectation of 20 beverages followed. 

3.3.3.1. Sensory Evaluation for a Sports-Drink in Four Levels of Sweetener 

Respondents evaluated all four levels of the sports-drink sample. The samples 

were evaluated one at a time in random order. Respondents were asked to rate the overall 

liking, flavor liking, sweetness liking, perceived sweetness intensity, sourness liking, 

perceived sourness intensity and after taste liking on a 9-point category scale. Ballot 

included flavor and after taste liking only to obscure questions of interest and therefore 

data are not presented. Nine point category scale was used throughout the evaluation, 

although panelists from Asian culture use 9-point category scale differently than panelists 

from US due to the following reasons: 1) Alternative universal scale that has equal 

efficiency throughout the cultures has not been proposed. 2) A trend was observed that 

cultural adaptation in US made standard 9-point hedonic scale more effective for 

panelists from China, Korea and Thai (Yeh et al. 1999). The word categories used for 9- 

point hedonic scale were from "dislike extremely" (1) to "like extremely" (9). The 

categories used for 9-point intensity scale was from "not at all sweet (sour)" (1) to 

"extremely sweet" (9). 
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3.3.3.2. Conceptual Survey 

Each panelist received a concept board (Appendix A) that had the pictures and the 

logos for 20 various types of beverages. The types of beverage used in the ballot and 

concept board are listed in Appendix A. Panelists were asked to rate the fitness of the 

concept, and expected characteristics of the 20 beverages according to the concept board. 

Panelists were also asked to select the possible functions for the 20 beverages. 

In the concept fitness question, the panelists were asked to rate how close the 

concept "Lemon-lime flavored sports-drink" fits for each beverage on a 9-point category 

scale. The word categories of the scale were from "do not match at all" to "match 

exactly". 

In the functionality question, panelists were asked to select all the possible 

functions (roles) that each beverage may have. The types of functions listed in the ballot 

were cooling down, warming up, energy boosting, health benefit, replenishing 

electrolyte, replenishing body fluid, providing social interaction, taste pleasure, and 

quenching thirst. 

Finally, panelists were asked to rate the expected overall liking, sweetness and 

sourness intensity for each of the 20 beverages on a 9-point category scale. The word 

categories for expected overall liking were from "dislike extremely" (1) to "like 

extremely" (9). The word categories for expected intensity were from "not at all sweet (or 

sour)" to "extremely sweet (or sour)". Whether or not the panelists had previously tried 

the beverages listed in the concept board was asked to account previous experience in the 

interpretation of the results. That is, panelists were asked to check one of the following 

categories; "never heard of, "have heard of, or "have tried" the product before. 
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3.3.4. Statistical Analysis 

3.3.4.1. Sensory Evaluation for a Sports-Drink in Four Levels of Sweetener 

All the data were analyzed using SPSS 6.0 for Windows™ (SPSS Inc., 1993). 

Analysis of Variance (ANOVA) was performed to examine whether country and country 

by product effects exist in the data. Country and products were regarded as fixed factors. 

Panelists within country were regarded as a random factor in the analysis. Country, 

product, panelists within country, country by product were included in the ANOVA 

model. Multiple comparison test using Fisher's Protected Least Significant Difference 

(LSD) was conducted to see the difference between the countries for each sample. 

3.3.4.2. Conceptual Survey 

Josta® and Blue Energy® were initially removed before analysis for most of the 

respondents have never heard of those products previously. 

Analysis of Variance was performed to examine the country, product and 

experience with the product effect for concept fitness and expectation data. Country and 

product were considered fixed factors. Panelist within country was considered a random 

factor and previous experience with the product was considered a covariate. Country, 

product, panelist within country, product by country, and previous experience were 

included in the ANOVA model. LSD was then conducted to examine the differences 

between countries and the differences between previous experiences. Principal 

Component Analysis (PCA) was also conducted in order to summarize the country by 



36 

product effect for the four attributes (concept fitness, expected overall liking, expected 

sweetness, and expected sourness) on a multi-dimensional plot. The respondents who had 

at least heard of each beverage were included in the analysis. Country, product, and 

panelist within country effect were initially removed with producing the residuals by 

performing ANOVA to each attribute. This procedure was conducted in order to 

investigate the effect of country and product interaction since it was the main interest in 

this study. Then PCA was performed with the residuals, which includes the variation for 

product by country and other unexplainable errors, obtained from the ANOVA for each 

attribute. 

Multivariate mapping technique (Correspondence Analysis) was utilized to 

observe how panelists from each country relate various functions to each beverage. For 

each country, products that had never been previously heard were initially removed 

within each panelist. Then the frequency of the function occurred for each product was 

counted and converted to percentage. The data for each country was analyzed by 

Correspondence Analysis. 

3.4. Results and Discussion 

3.4.1. Sensory Evaluation for a Sports-Drink in the Four Levels of Sweetener 

3.4.1.1. Overall. Sweetness, and Sourness Liking 

Sports-drink containing 4 levels of sweetener were sensory evaluated by panelists 

from six nationalities to identify the optimum sweetener level for each nationality. An 
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increase in sweetener concentration for the sports-drink sample affected overall, 

sweetness and sourness liking (sample effect, p<0.001) (Appendix B-l). Panelists in 

general gave higher hedonic ratings to higher sweetener concentrations. The overall 

liking ratings differed between countries as the sweetener level increased (country * 

sample effect, p=0.011). The optimum sweetener level for a sports-drink was different 

between countries (Table 3.4). As can be observed from Figure 3.1, the optimum 

sweetener level for a sports-drink was approximately 8% for US panelists as determined 

by fitting a quadratic curve for mean overall liking ratings. The range of sweetener level 

applied in the experiment was low to determine the optimal level for panelists from Asia. 

The 10 percent sweetener level, which was the highest sweetener level, received the 

highest rating for overall liking for Asians. A quadratic fit to the data suggested that the 

optimal sweetener levels for Asians may be above the 10% CHO level. Interestingly, 

panelists from all countries gave higher ratings to higher level of sweetener (8, or 10% 

CHO) than the level that is commercially available (6% CHO). This may be due to the 

fact that panelists evaluated the samples not during or right after exercise when the 

product is usually consumed. 

Similar results were shown but more distinctively for sweetness liking ratings 

(Figure 3.2). Optimal sweetener level was 8% for US panelists when mean sweetness 

liking was fitted to a quadratic curve. However, US panelists rated the optimum 

sweetener level " like slightly" indicating that the panelists did not have high acceptance 

for sweetness of the product. On the other hand, mean sweetness liking ratings showed an 

almost linear increase as sweetener concentration increased for panelists from Asia. The 
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Table 3.4. Means (SD) for overall, sweetness, sourness liking and 
sweetness and sourness intensity in each country. 

Country CHO 
level(%) 

Overall 
liking 

Sweetness 
liking 

Sweetness 
intensity 

Sourness 
liking 

Sourness 
intensity 

US 4 4.21(1.83)a 4.17(1.99)a 2.17(1.13)a 4.68(1.92)3 4.41(1.82)3 

6 

8 

10 

5.71(1.68)b 

6.43(1.32)c 

6.27(1.52)d 

5.7(1.54)b 

6.16(1.54)b 

5.76(1.8)b 

3.76(1.49)b 

4.85(1.54)c 

6.11(1.35)d 

5.77(1.42)b 

6.1(1.41)b 

5.9(1.26)b 

4.01(1.49)3b 

3.56(1.39)b 

3.2(1.46)c 

Mainland 

China 

4 

6 

8 

4.61(1.8)a 

5.75(1.53)b 

6.33(1.23)c 

4.96(1.62)a 

5.86(1.36)b 

5.96(1.4)b 

2.78(1.32)a 

3.8(1.23)b 

4.35(1.34)c 

4.71(1.74)3 

5.1(1.51)3 

5.96(1.44)b 

4.67(1.70)3 

4.31(1.30)ab 

4.18(1.47)3b 

10 6.59(1.22)c 6.65(1.23)c 5.2(1.47)d 6.02(1.33)b 4.02(1.71)b 

Indonesia 4 3.71(1.96)a 3.47(1.68)a 2.14(1.16)a 4.3(1.87)3 4.59(1.90)a 

6 

8 

10 

5.3(1.84)b 

6.2(1.56)c 

6.77(1.42)d 

4.91(1.92)b 

6.06(1.61)c 

6.79(1.26)d 

3.23(1.40)b 

4.43(1.53)c 

5.2(1.27)d 

5.07(1.68)b 

5.79(1.46)c 

6.27(1.45)c 

4(1.69)b 

4.07(1.42)3b 

4.09(1.68)3b 

Korea 4 4.29(1.77)a 4.23(1.81)a 2.65(l:53)a 4.33(1.62)3 4.21(1.81)3 

6 5.17(1.66)b 5.56(1.73)b 3.41(1.41)b 5.24(1.55)b 4.11(1.62)3b 

8 5.92(1.44)c 6.04(1.57)bc 4.15(1.52)c 5.69(1.45)bc 3.89(1.67)3b 

10 6.31(1.24)c 6.39(1.59)c 5.12(1.41)d 5.84(1.37)c 3.6(1.58)b 

Taiwan 4 

6 

8 

10 

3.89(1.62)a 

5.31(1.60)b 

5.56(1.61)bc 

6.08(1.54)c 

3.67(1.72)a 

5.06(1.82)b 

6.06(1.66)c 

6.44(1.23)c 

2.28(1.00)a 

3.44(1.32)b 

4.17(1.34)c 

4.83(1.40)d 

3.89(1.72)3 

5.06(1.74)b 

5.83(1.56)c 

5.72(1.58)bc 

4.5(1.59)3 

4.08(1.48)ab 

3.58(1.44)bc 

3.28(1.28)c 

Thailand 4 4.2(1.6)a 3.85(1.72)a 2.38(1.47)a 4.22(1.73)3 4.45(1.83)3 

6 

8 

10 

5.37(1.58)b 

5.92(1.44)c 

6.57(1.20)d 

4.97(1.77)b 

5.68(1.49)c 

6.5(1.3)d 

3.35(1.56)b 

4.15(1.92)c 

5.28(1.64)d 

5.37(1.55)b 

5.72(1.52)b 

6.28(1.17)c 

4.3(1.45)3 

4.38(1.78)3 

4.18(1.60)3 

*3,b,c, snd d indicste that different charscters show significant differences (p<0.05) 
between samples within each country 



Figure 3.1. Mean ratings for overall liking versus sweetener level among different countries 
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Figure 3.2. Mean ratings for sweetness liking versus sweetener level among different countries 
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quadratic fit suggests that panelists may give acceptance ratings above the 10% CHO 

level for Asians. 

The ratings for sourness liking were also affected by sweetener level of the sports- 

drink (product effect, p<0.001) (Figure 3.3 and Appendix B-l). The optimal sweetener 

level for sourness liking was 8% for Taiwan and US panelists. Ten percent CHO level 

was optimum for Koreans. Optimum levels were not identified for panelists from other 

countries when quadratic curves were fitted to the mean sourness liking scores since the 

10% level received the highest rating. They may have preferred the sample when it was 

less sour. 

Cultural disagreements in optimum sweetener level or in degree of liking for 

single sweetener level are frequently observed in food products (Druz and Baldwin, 

1982; Laing et al., 1994). Studies suggest that the major factor contributing to these 

discrepancies between the cultures is familiarity with the product. In this study, optimum 

sweetener levels were different between Asian and US panelists, suggesting a need for 

modification in sweetener concentration of sports-drink in Asian markets. Sports-drink 

bears different length of history in each culture. The concept and product sports-drink has 

been introduced in US market relatively longer than in Asian markets. Moreover, nearly 

70% of Mainland Chinese have never heard of Gatorade® previously (Appendix C). 

Although no information was provided about the product before evaluation, it is likely 

that panelists familiar with Gatorade® (i.e. US respondents) may have recognized the 

product as a sports-drink whereas panelists unfamiliar with Gatorade® (i.e. Asians) may 

have evaluated the product as a lemon-lime flavored soft drink, thus preferring the higher 

sweetener level. 



Figure 3.3. Mean ratings for sourness liking versus sweetener level among different countries 
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3.4.1.2. Perceived Sweetness and Sourness Intensity Ratings 

Panelists from different countries showed significant differences in ratings for 

perceived sweetness intensity (country effect, p=0.028) (Appendix B-1). Also, the degree 

of increase in perceived sweetness was different between the countries (country*sample 

effect, p<0.001). US panelists showed a higher significant increase in perceived 

sweetness than Asian panelists (Figure 3.4 and Appendix B-2) as the sweetener level 

increased in the sports-drink samples. Perceived sweetness intensity was closely related 

to the optimum sweetener levels. US panelists required less sweetener to rate it as 

"moderately sweet". The "moderately sweet" level was met at 8% CHO level for US 

panelists and at 10% CHO level for Asian panelists. Studies generally agree that 

distinctive differences in sensitivity for sweetness do not exist between cultures 

(Moskowitz et al., 1975; Druz and Baldwin, 1982; Laing et al., 1993). The question arises 

whether sensitivity for sweetness can be food context and familiarity dependent at supra- 

threshold levels. It should be also considered that effect of differences in scale usage (i.e. 

US panelists may use wider range of scale) may have result in the discrepancy of 

sweetness intensity ratings. 

Addition of sugar not only enhances total flavor intensity (Kuo et al., 1993) but 

also decreases sourness intensity of acid solutions (Frank and Archambo, 1986). 

Manipulation of sweetness affected the perception of sourness intensity in this 

experiment (sample effect, p<0.001) (Figure 3.5 and Appendix B-1) and showed a 

tendency for suppression of sourness as the sweetener level increased. Each country rated 

differently for the perceived sourness intensity (country effect, p=0.037). The degree of 

decrease in perceived sourness intensity tended to differ between countries 



Figure 3.4. Mean ratings for perceived sweetness intensity versus sweetener level among different countries 
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Figure 3.5. Mean ratings for perceived sourness intensity versus sweetener level among different countries 
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(country * sample, p=0.078). For the Taiwan and US panelists, perceived sourness 

intensity tended to drop as sweetener level increased. The degree of change in the 

suppression of sourness was less pronounced for the other four countries. Taiwan and US 

panelists had optimum sweetener level for sourness liking at 8% CHO level whereas 

panelists from other countries rated higher sourness liking at 10% CHO level (Figure 

3.3). The discrepancy in sourness perception between the panelists from different country 

may be due to differences in the degree of sourness suppression. It was beyond the 

objective of this study to investigate the cross-cultural sourness suppression effect and 

therefore further conclusions could not be drawn. Different scale usage can be another 

underlying factor confounded in the study and affect the ratings of intensity. However, by 

varying the sweetener level for a sports-drink, it was possible get an idea of what the 

optimum sweetener level is for each country, since the optimum level is determined 

within each country. Also, Yeh (1999) suggested that panelists from Asian cultures who 

reside in US tend to change toward better hedonic scale usage while maintaining their 

preferences. Therefore, differences in scale usage could have not affected the results for 

optimum sweetener level for a sports-drink in each country. 

3.4.2. Conceptual Survey 

3.4.2.1. Usage Patterns for 20 Beverages 

Panelists from different countries had different consuming experiences depending 

on the beverages (Appendix C). In this study, beverages that had less than 70% of the 

panelists who had previous consuming experience for each country were considered as 
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less familiar beverages to the respondents. Green tea was less familiar beverage for US 

panelists. Herbal hot tea, Mountain Dew®, homogenized milk, Gatorade®, root beer. Dr. 

Pepper®, and tomato juice were less familiar to Mainland Chinese. Herbal hot tea, 

homogenized milk, and tomato juice were less familiar to Indonesians. Herbal hot tea, 

homogenized milk, root beer, and Dr. Pepper® were less familiar to Koreans. Herbal hot 

tea, homogenized milk, and Gatorade® were less familiar to Taiwanese. Green tea, grape 

juice, herbal hot tea, homogenized milk, Gatorade®, Dr. Pepper, and tomato juice were 

less familiar to Thai panelists. Blue Energy, an energy boosting drink and Josta, a 

carbonated soft drink are new products in US market. Most of the people did not know 

nor had consuming experience with the Josta® and Blue Energy® and therefore these 

two products were removed in the analysis for concept fitness and expectations. Previous 

experience effect was discussed for the beverages that had more than total of 90 panelists 

who never tried or knew the beverage previously: Green tea, herbal hot tea, homogenized 

milk, Gatorade®, Dr. Pepper®, and tomato juice (Table 3.5). 

3.4.2.2. Concept Fitness 

To understand what beverages relate close to the concept "sport-drink" for 

different cultures, the degree of concept fitness for 20 beverages was evaluated. The 

sports-drink concept was "Lemon-lime flavored sports drink" to the panelists. Analysis of 

variance (ANOVA) showed significant differences for the countries, product, product * 

country, and previous experience with the product effects (Appendix B-3). As can be 

seen from Figure 3.6, Indonesian, Korean, and US panelists rated Gatorade® as the 

highest in concept fitting. In contrast, Taiwanese and Mainland Chinese rated lemonade 
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Table 3.5. Means (SD) for concept fitness, expected overall liking, expected sweetness 
intensity, and expected sourness intensity by previous experience 

Product Previous experience N 
Concept 

fitness 
Expected 

overall 
liking 

Expected 
sweetness 
intensity 

Expected 
sourness 
intensity 

Green tea never heard of 58 1.39(1.21) 4.97(1.90)a 1.65(1.02) 2.02(1.59) 

heard but never tried 70 1.50(1.10) 4.98(1.95)a 2.24(1.49) 1.59(1.01) 

tried before 239 1.86(1.96) 6.36(1.75)b 1.73(1.34) 1.54(1.10) 

Herbal hot tea never heard of 74 2.08(1.62) 4.88(1.77)3 3.63(1.83) 2.68(1.72) 

heard but never tried 79 2.45(2.04) 5.17(1.82)a 3.80(2.28) 2.71(1.78) 

tried before 214 2.16(1.89) 5.76(1.77)b 3.30(2.06) 2.33(1.51) 

Homogenized 

milk 

never heard of 68 2.11(1.86) 5.11(2.15)a 2.28(1.43) 1.42(0.86) 

heard but never tried 57 2.23(2.27) 5.00(1.73)a 2.48(1.83) 1.49(1.20) 

tried before 242 1.78(1.94) 6.17(1.81)b 2.14(1.40) 1.21(0.73) 

Gatorade never heard of 45 3.84(2.48)a 5.37(1.49)3 4.31(1.95) 3.10(1.45) 

heard but never tried 51 5.74(2.84)b 4.96(1.67)3 4.26(1.93) 3.52(1.76) 

tried before 271 7.46(2.00)c 6.37(1.70)b 4.62(1.80) 3.63(1.85) 

Dr. Pepper never heard of 35 2.69(1.97)ab 4.43(1.65)3 3.31(1.81)a 2.36(1.89) 

heard but never tried 69 3.07(2.24)b 4.51(1.96)3 4.74(2.05)b 2.06(1.58) 

tried before 263 2.33(2.10)3 5.84(2.10)b 5.95(1.93)b 1.91(1.37) 

Tomato juice never heard of 27 2.77(1.97) 4.83(2.19)ab 3.74(2.18) 3.67(2.09) 

heard but never tried 90 2.07(2.09) 4.09(2.14)a 3.46(1.87) 3.62(1.89) 

tried before 250 1.95(1.87) 5.53(2.22)b 3.21(1.95) 3.64(2.09) 

Same alphabet indicates no significant differences between groups (p>0.05) 



Figure 3.6. Mean ratings for concept fitness of 18 beverages among different countries 
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as fitting the concept better, indicating that Chinese ethnic group relied more on "lemon- 

lime flavored" in evaluating the concept fitness. This result suggests that Chinese 

panelists expected the samples to be more like "lemonade". Gatorade® was also rated 

similar to 7 Up® or Mountain Dew® in these two countries. Lemonade, Mountain Dew® 

and 7 Up® shown to be moderately fitting the concept for all Asian panelists (LSD, 

p<0.05) (Appendix D). US panelists tended to rate lower than Asians for beverages other 

than Gatorade®. On the other hand Asians showed tendency of avoiding negative end- 

point ("do not match at all") in scale usage suggesting that differences in scale usage may 

have existed between the panelists from different countries. 

Previous experience with Gatorade® significantly affected the concept fitness 

ratings (Table 3.5). The respondents who knew or had tried Gatorade® before rated 

Gatorade® as fitting the concept better than the respondents who have not heard of the 

product before. This result suggests that Gatorade® as a sports-drink concept is relatively 

novel to the Chinese respondents since less than 60% of the panelists had previous 

experience with consuming Gatorade®. 

3.4.2.3. Expected Overall Liking 

Strong disagreements were observed in the ratings for expected overall liking 

between different countries (country effect, p<0.001) (Appendix B-3). The degree of 

disagreements depended on the products (product*country effect, p<0.001) (Figure 3.7). 

Unlike concept fitness where similar trends in rating were observed between the countries 



Figure 3.7. Mean ratings for expected overall liking of 18 beverages among different countries 
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although Asians tended to have negative end point avoidance, crossover effect was 

frequently observed between the countries for expected overall liking of beverages which 

was measured by 9-point hedonic scale. There may have been less effect of difference in 

scale usage confounded in hedonic scale than in concept fitness scale. This may be due to 

the fact that most of the beverage did not have extreme acceptance response (i.e. 

extremely liked or disliked). Although countries agreed on the liking for green tea, apple 

juice, orange juice, fruit punch and homogenized milk, large variations in liking among 

countries were especially observed for iced tea, grape juice, carbonated drinks, and 

bottled water. Strong cultural discrepancy in liking for bottled water may be associated 

with differences in perception for "bottled" water. 

The previous experience with the product also affected the overall liking scores 

(p<0.001) (Appendix B-3). The respondents who tried the beverages before rated 

significantly higher in expected overall liking than the respondents who were unfamiliar 

with the beverages (i.e. Green tea, herbal hot tea, homogenized milk, Gatorade®, Dr. 

Pepper®, and tomato juice) (Table 3.5). This result accords with the fact that food 

acceptance increase with increasing exposure (Pliner, 1982; Crandall, 1985). 

3.4.2.4. Expected Sweetness Intensity 

The effects of countries, previous experience, product, and country * product 

existed significantly for ratings of expected sweetness intensity. It can be observed from 

Figure 3.8 that panelists from different countries are using a different range of scale. US 



Figure 3.8. Mean ratings for expected sweetness intensity of 18 beverages among different countries 
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panelists were using the widest range and Mainland Chinese tend to score lower than 

other panelists in general. Interestingly, Korean, Taiwanese, and Thai panelists did not 

significantly differ in their sweetness intensity ratings for 15 beverage (out of 18 

beverages) (Appendix D) suggesting that panelists from these countries generally have 

similar expectation for sweetness in beverages. Moreover, panelists from six countries 

agreed on the expected sweetness intensities for green tea, apple juice, orange juice, 

Gatorade®, and bottled water. However, crossover effect was observed for some 

beverages. That is, strong disagreements were observed for the expected sweetness 

intensity of carbonated drinks such as Mountain Dew®, root beer and Dr. Pepper®, and 

tomato juice and lemonade. 

Previous experience affected the ratings for sweetness intensity (p<0.001) 

(Appendix B-3). Dr. Pepper® which was the only sweet beverage discussed for previous 

experience effect was rated higher in sweetness intensity for the panelists who were 

familiar with the product than the unfamiliar group. 

3.4.2.5. Expected Sourness Intensity 

Significant differences existed between different countries in the ratings for 

expected sourness intensity for 18 beverages (country effect, p<0.001) (Appendix B-3). 

Product, and country * product were also shown to have significant effect (p<0.001). 

Countries agreed on the expected sourness intensity ratings for 7 Up®, iced tea, milk, 

water, and coffee (p>0.05) (Figure 3.9 and Appendix D). However, larger variations 



Figure 3.9. Mean ratings for expected sourness intensity of 18 beverages among different countries 

6 n 

Expected sourness 

~i 1 1 1 1 1 1 1 1 r- 

•if Beverage 

-us 
_^_ China 

-   -A- Indonesia 

—X- Korea 

—ac- -Taiwan 

-Thailand 

* Scale categories 
1: Not at all sour, 3: Slightly sour, 5: Moderately sour, 
7: Very sour, and 9: Extremely sour 



56 

among countries were observed in the fruit juice category (p<0.05) (Figure 3.9 and 

Appendix D). There were no significant differences between the previous experienced 

and inexperienced groups (p>0.05) (Appendix B-3). This may be due to the fact that the 

beverages which are discussed for previous experience effect are not generally 

recognized as for their sour characteristic (with exception of tomato juice). Panelists from 

US generally tend to rate lower in expected sourness intensity than Asian panelists 

(Figure 3.9). However, general trends in rating for expected sourness intensity was 

similar among the countries although scale usage was different. 

3.4.2.6. Multidimensional Plot for Expectations 

To visualize relationships of concept fitness, expected overall liking, expected 

sweetness and sourness intensity for 18 beverages, Principal Component Analysis (PCA) 

was conduct using the residuals (containing country*product effect and unexplainable 

error) for each attribute after removing country, product and panelists effect. Figure 3.10 

shows the principal component plot for the four attributes (concept fit, expected liking, 

sweet and sour intensity). Principal Component (PC) 1 explained 30.6 % of the variation 

of the data. Principal Component 2 explained 26.4% of the variation of the data. Principal 

Component 2 separated the loading of expected overall liking and expected sweetness 

intensity to the positive axis and the loading of concept fitness and expected sourness 

intensity to the negative axis. This suggests that expected sweetness was closely related 

to the overall liking and concept fitness (i.e. "Lemon-lime flavored sports-drink") was 

more related to expected sourness intensity. 



Figure 3.10. Definition of Principal Components-loading of residuals from expectation responses (with country, 
panelist, and product effects removed) onto Principal Components. 
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When the beverages were located in the PC plot for each country, differences 

were mainly observed between Americans and Mainland Chinese. For Americans (Figure 

3.11), root beer and Dr. Pepper® were located close to expected overall liking and 

sweetness intensity whereas, Gatorade® and green tea were located close to concept fit 

and expected sourness intensity. Mainland Chinese (Figure 3.12) located homogenized 

milk and green tea as close to overall liking and expected sweetness intensity. For the 

other countries, most of the products were close to the origin of PC axis and were not 

well separated. However, root beer was located near the liking and sweetness attribute for 

Indonesians (Figure 3.13). Coffee was positioned close to liking and sweetness for 

Koreans (Figure 3.14). Gatorade® was negatively situated for Taiwanese on the PCI axis 

(Figure 3.15). For Thai respondents, most of the products were close to the origin of axis 

(Figure 3.16) and PC axis did not separate the products well. 

3.4.2.7. Functionality 

To investigate how different cultures perceive functional characteristics 

for 20 beverages, correspondence analysis was conducted. Row score profiles the 

association beverages and column score describes the relationships of functionality. 

Overall, people in general separated the beverages having the function of health benefits, 

warming up and social interaction from the beverages having the function of thirst 

quenching, cooling down, energy boosting, replenishing electrolyte and body fluid. 

Homogenized milk and tomato juice was perceived as having a health beneficial function 



Figure 3.11. Principal Component plot for Americans for 18 beverages on concept fit, expected overall liking, expected 
sweetness intensity, expected sourness intensity 
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Figure 3.12. Principal Component plot for Mainland Chinese for 18 beverages on concept fit, expected overall liking, expected 
sweetness intensity, expected sourness intensity 
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Figure 3.13. Principal Component plot for Indonesians for 18 beverages on concept fit, expected overall liking, expected 
sweetness intensity, expected sourness intensity 
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Figure 3.14. Principal Component plot for Koreans for 18 beverages on concept fit, expected overall liking, expected 
sweetness intensity, expected sourness intensity 
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Figure 3.15. Principal Component plot for Taiwanese for 18 beverages on concept fit, expected overall liking, expected 
sweetness intensity, expected sourness intensity 
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Figure 3.16. Principal Component plot for Thai for 18 beverages on concept fit, expected overall liking, expected 
sweetness intensity, expected sourness intensity 
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and teas and coffee as having warming up and social interaction function. Gatorade® was 

perceived as consisting of replenishing electrolyte, replenishing fluid and energy boosting 

functionality and having similar functions with water and energy drinks. Social 

interaction was located between pleasure and warm up function. 

Cross-cultural differences were observed where Americans (Figure 3.17), 

Indonesians (Figure 3.19), Koreans (Figure 3.20), and Thai (Figure 3.22) associated 

Gatorade® as having an energy boosting function in addition to electrolyte and body 

fluid replenishment functions. Panelists from Mainland China (Figure 3.18) and Taiwan 

(Figure 3.21) tended to associate Gatorade® with cooling down and thirst quenching 

functions in addition to electrolyte and body fluid replenishment. Mainland Chinese 

separated Blue Energy® and Josta® differently compared to other panelists as having 

energy boosting function. Health and energy boosting function were closely related for 

Taiwanese and somewhat close for Indonesians. 

3.5. Conclusion 

Cross-cultural differences were observed in the optimal sweetness level for a 

sports-drink. The optimal sweetness level in overall liking was lower for Americans than 

Asians. It was also shown that perceived sweetness intensity was closely related to the 

optimal sweetener level for the product. The rate of increase in perceived sweetness 

intensity over sweetener levels was greater for Americans than Asians. There were also 

considerable cultural differences in the expected liking, attributes, functionality and 

concept fitness for various beverages. In addition, experience with a product was another 
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Figure 3.17. Plots for product and function scores extracted by Correspondence Analysis 
in analyzing the perceived functionality of 20 beverages among Americans. 
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Figure 3.18. Plots for product and function scores extracted by Correspondence Analysis 
in analyzing the perceived functionality of 20 beverages among Mainland Chinese. 
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Figure 3.19. Plots for product and function scores extracted by Correspondence Analysis 
in analyzing the perceived functionality of 20 beverages among Indonesians. 
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Figure 3.20. Plots for product and function scores extracted by Correspondence Analysis 
in analyzing the perceived functionality of 20 beverages among Koreans. 
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Figure 3.21. Plots for product and function scores extracted by Correspondence Analysis 
in analyzing the perceived functionality of 20 beverages among Taiwanese. 
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Figure 3.22. Plots for product and function scores extracted by Correspondence Analysis 
in analyzing the perceived functionality of 20 beverages among Thai. 
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key factor affecting expectations. Although it is difficult conclude any direct relationship 

between expectations and cultural differences in optimal sweetener level for a sports- 

drink, the results suggest that the different perceptions of these expectations among 

cultures may contribute to the diversity in perceiving the actual product. 

Based on the results from current study and proposed processes in the literatures, 

a model relating familiarity, concept and product trial to sweetness intensity and hedonic 

ratings among consumer is proposed in this study (Figure 3.23). The model includes 

seven processes with cultural factors such as product familiarity and concept statement 

and sensory experiences during trial as inputs and sweetness and hedonic ratings as 

outputs. The first process starts when a consumer creates a frame of reference for a 

beverage. A frame of reference is those products that are similar in sensory properties and 

functionality. The frame of reference for the beverage is an input to two other processes 

(II, HI). The two processes are namely formation of expected sweetness intensity for the 

beverage by contextual effect (11) and creation of range of liking for the product (III). 

Forming expectations for sweetness intensity results from the process of contextual effect 

for a beverage. Contextual effect refers to perceiving the product in their own category. 

That is, words such as slightly, moderately, and extremely sweet used in describing the 

sweetness for a product will have different meanings depending on whether the product 

category is situated in the lower sweet region (i.e. tea) or in higher sweet region (i.e. 

chocolate shake). Expectations for sweetness intensity and liking for the beverage are 

input that results in the creation of a conceptual ideal point for the beverage (IV). 

Expectations for sweetness intensity and liking for a beverage will be affected by this 

frame of reference and thus determining the conceptual ideal point for the beverage. 



Figure 3.23. Model relating familiarity, concept, and product trial to sweetness intensity and hedonic ratings. 
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When the product is actually evaluated (V), consumers will recognize its sensory 

characteristics, further strengthening or weakening the frame of reference used before 

product trial. When the product is familiar, the process for scaling sweetness (VI) and 

hedonics (VII) will be strongly affected on how well the product meets their conceptual 

ideal points that consumer's had already formed. However if the stimuli is relatively 

unfamiliar, consumer's will rely more on sensory perception and information (i.e. 

concept statement) that they already had and try to compare the product with the most 

similar conceptual ideal point that consumer's already formed. These evaluations along 

with expectation errors will influence the process for scaling sweetness and hedonic 

resulting in sweetness and hedonic ratings as final output. Degree of familiarity or 

concept recognition for a product can influence the strength of this model. When this 

model is weakly developed by one factor (i.e. familiarity), then other factors (i.e. concept, 

sensory perception) will play a greater role in this model. Investigating whether this 

model proposed is valid should be the next step for future research. 
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4.1. Abstract 

Cross-cultural differences are frequently observed in consumer acceptance for 

foods and beverages. Life style, experience, eating habit and degree of familiarity with a 

certain product may all contribute to the diverse taste preferences in different cultures. In 

order to sufficiently understand the cultural diversity, there is significant need to 

investigate the fundamental drivers that lead to cultural differences. A model relating 

familiarity, concept, and product trial to intensity and hedonic ratings of consumers was 

proposed in Chapter 3. Based on this model, the main objectives of this study were to 

investigate the effect of familiarity and concept on cross-cultural expectations and sensory 

acceptance for a sports-drink, and to investigate the effects of frame of reference on the 

formation of cross-cultural on expectation and sensory acceptance for a sports drink in the 

groups having different frame of reference. People (256) from Mainland China, Indonesia, 

Korea, and United States (US) participated in this study. Two sets of samples were 

evaluated. In the first set, panelists evaluated expectations and actual taste acceptance of 

orange juice, chocolate milk, Gatorade®, and cola. Gatorade® was described as a lemon- 

lime flavored beverage. In the second set, panelists evaluated expectations and actual taste 

for 4 sweetener levels of Gatorade®. In this set Gatorade® was described as Gatorade® 

with specific product information. The results showed that length of exposure (familiarity) 

with the product was a key factor in determining the optimal sweetener level for 

Gatorade®. Among respondents most familiar with Gaotrade®, a concept statement 

stated the product as Gatorade® vs. lemon-lime flavored beverage, concepts significantly 

influenced the ratings of expectation and actual taste for Gatorade®. However, concept 
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was only influential on actual taste ratings and not on the expectation ratings of 

Gatorade® in the less familiar group. Context effects with groups having a different 

framework of reference were evaluated. When panelists were segmented by their country 

of origin, cross-cultural differences were observed in expectations and actual taste ratings 

depending on the products. Verbal concept had a large influence on acceptance ratings. 

When panelists disliked the concept, the actual taste acceptance rating also dropped and 

this was especially the case for US panelists. The effect of frame of reference was better 

understood when panelists were grouped by their optimum sweetener level for Gatorade® 

and by factor analysis on overall liking scores for all eight products. That is, panelists who 

possessed higher ideal sweetness intensity in their frame of reference had higher optimum 

sweetener level for Gatorade®. The results suggest that concepts may differently influence 

the product acceptance depending on one's familiarity with the product. Also the 

development of frame of reference for ideal sweetness intensity is critical in determining 

the preference level for sweetness. 



81 

4.2. Introduction 

One reason food product developers have difficulty developing new products is 

due to the failure of predicting and meeting consumer needs. Understanding human food 

preferences has been a challenge to both food scientists and psychologists. With the recent 

increase in importance of marketing food products globally, much effort has been put into 

investigating the underlying cultural framework driving human preferences for food. There 

is evidence in Chapter 3 that the cultural framework is a key factor in defining the 

relationship between sweetener level and hedonic ratings in food context. In Chapter 3, it 

was concluded that Americans preferred a lower sweetener level of sports-drink than 

Asians. Americans also had a steeper increase than Asians in sweetness intensity rating 

with increased sweetener concentration. These results contradict previous studies where 

cross-cultural agreement existed on hedonic ratings and sensitivity for sucrose solutions 

(Moskowitz et al., 1975; Laing et al., 1993). The difference in perceived sweetness 

intensity and hedonic ratings between countries in a sports-drink may be explained by the 

cross-cultural differences in the contextual framework for beverages, familiarity (or 

exposure), expectations, and scale usage. 

Many studies have investigated the effects of context when rating intensity of basic 

taste solutions and scale usage (i.e. stimulus spacing, frequency, range, and etc.) 

(Schifferstein and Frijters, 1992; Stillman, 1993; Schifferstein, 1994; Rankin and Marks, 

1991). Moskowitz et al. (1974) found that the optimum sucrose level in the pleasantness 

function is depended upon the context of food tasted, not perceived sweetness. Laing et 

al. (1994) studied the contextual effects from culture. Australians and Japanese evaluated 
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the sweetness intensity and liking of 36 products from 6 food categories. Cross-cultural 

agreements were observed for jams and fruit juices, while considerable disagreements 

were observed for 'sweetness liking' ratings on products from the beverage, biscuit and 

chocolate categories. The results implied that liking for sweetness levels appears to be 

dependent on the context of the product and degree of familiarity with the product. In 

Chapter 3, similar results were observed. Respondents from different cultures had different 

expectations for liking, sensory characteristics, and functionality of 20 beverages. These 

results suggest people from each culture may possess a different contextual framework 

used in categorizing beverages. Also previous experience with the product seemed to play 

a key role in forming expectations for the product. These differences in exposure to the 

product for each culture may contribute to inducing the cultural differences in food 

preferences. 

Familiarity is defined as "a function of individuals' exposure to an experience with 

a specific food" (Birch and Marlin, 1982). Zajonc (1968) originally proposed the 

hypothesis that mere exposure of an individual to a stimulus object enhances ones attitude 

toward it. This is especially the case when the stimulus is unfamiliar to the subject. 

Expectation is another key factor affecting the consumers' decision and 

satisfaction for the product (Anderson, 1973; Olsen and Dover, 1979). Much has been 

accomplished in understanding the effects of expectation generated by verbal information 

on actual perception of food (Cardello et al., 1985; Deliza et al., 1996). The results show 

that the impact of expectations produced by verbal information is pronounced when the 

product is novel and the consumers are naive about the product. Experiments conducted 

by Zellner and Brown (1988) showed a successful increase in acceptance of beverages by 
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changing the expectations of the temperature at which an unfamiliar beverage is usually 

consumed. Cognitive processing based on the product-category schemas have successfully 

explained part of consumer expectation and acceptance behavior (Stayman et al., 1992). 

Stayman et al. (1992) defined product-category schema as "organized structures of prior 

knowledge stored in the memory". How well new product information fits to the 

individual's product-category schema has an important effect in evaluating the product 

(Alba and Hutchinson, 1987; Cohen and Basu, 1987; Loken and Ward, 1990). Tuorila et 

al. (1998) examined the effect of expectations and the definition of product category on 

acceptance for unfamiliar foods. The acceptance of an unfamiliar food was largely 

determined by how it relates to familiar foods that are part of an individual's current diet. 

Based on facts described above, a model was proposed in Chapter 3 (Figure 3.23) 

relating familiarity, concepts and product trials to intensity and hedonic ratings of 

consumers to understand the processes in food preference behavior. The overall goal of 

this study was to further investigate preference for a sports-beverage according to the 

model proposed and to examine the significance of the model. In this study, the objectives 

were; 1) to investigate the effects of familiarity and concepts on expectations and 

acceptance for a sports-drink beverage, 2) to evaluate the relationships between context 

effect, expectations and acceptance for a sports beverage for groups having a different 

frame of reference. 
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4.3. Materials and Methods 

4.3.1 Subjects 

Panelists from four countries-US, Mainland China, Indonesia, and Korea- were 

recruited on the campus of Oregon State University and in the greater Corvallis 

community. The number of participants from each country were 92 US citizen, 48 

Mainland Chinese, 45 Indonesians, and 72 Koreans. Each of the ethnic groups were 

recruited through electronic mail, flyers, and personnel referrals by their respective ethnic 

student association on the Oregon State University campus. The ages of panelists were 

from the late teens to 50 or older (Table 4.1). The ratio of male and female was almost 

equal for Mainland Chinese and Indonesian (Table 4.2). The percentages of females were 

slightly larger for Koreans and Americans. Most of the Asians who participated in this 

study had resided in the US for less than 5 years (Table 4.3). The testing was carried out 

in the Sensory Science Laboratory at Oregon State University. 

4.3.2. Stimuli 

Tropicana® orange juice, Coca-Cola®, Quick® chocolate milk, and Gatorade® 

were purchased in liquid form at a local food store. Gatorade® was at 6% sweetener level. 

A dry mix of Gatorade®, formulated at four different sweetener levels (5%, 8%, 11%, and 

14%), was provided by the manufacturer. The sweetener used in the Gatorade® 

formulations was sucrose and glucose in 2:1 ratios for all concentrations. In the previous 

study, the highest sweetener level (10%) was found to be the most preferred level for the 



Table 4.1. The number (N) and percentage (%) of panelists by age for each country 

Country 

China Indonesia Korea US Total 

Age 

N % N % N % N % N % 

17-19 1 2.08 13 28.89 2 2.78 4 4.40 20 7.81 

20-29 22 45.83 31 68.89 42 58.33 31 34.07 126 49.22 

30-39 17 35.42 0 0.00 28 38.89 21 23.08 66 25.78 

40-49 4 8.33 0 0.00 0 0.00 27 29.67 31 12.11 

Total 50 or more 4 8.34 1 2.22 0 0.00 8 8.78 13 5.08 

48 100.00 45 100.00 72 100.00 91 100.00 256 100.00 

00 



Table 4.2. The number (N) and percentage (%) of panelists by gender from each country 

Country 

China Indonesia Korea US Total 

N % N % N % N % N % 

Male 23 47.92 23 51.11 30 41.67 35 38.46 111 43.36 

Female 25 52.08 22 48.89 42 58.33 56 21.88 145 56.64 

Total 48 100.00 45 100.00 72 100.00 91 100.00 256 100.00 

00 
OS 



Table 4.3.The number (N) and percentage (%) of Asian panelists by years resided in US 

Country 

China Indonesia Korea Total 

N % N % N % N % 

Years 6 months or less 5 10.42 2 4.44 4 5.56 11 6.67 

1 year or less 13 27.08 11 24.44 9 12.50 33 20.00 

3 years or less 13 27.08 20 44.44 25 34.72 58 35.15 

5 years or less 3 6.25 9 20.00 13 18.06 25 15.15 

5 years or more 14 29.17 3 6.68 21 29.16 38 23.03 

Total 48 100.00 45 100.00 72 100.00 165 100.00 

00 
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panelists from Asian countries. To identify the precise optimal sweetener level, a broader 

range of sweetener levels was used in this experiment. In the sample preparation, each 

level of the Gatorade® powder was mixed 10 minutes with an appropriate amount of 

spring water using a magnetic stirrer. Sixty milliliters of each sample was poured into 85- 

ml plastic cups coded with 3-digit random numbers. All the samples were kept in a 4-70C 

cooler and were evaluated at 8-10oC. 

4.3.3. Sensory Evaluation 

All panelists were asked to fill out a questionnaire on demographic information 

such as age, gender, and country of origin (Appendix E). Years resided in US were asked 

additionally for the Asian panelists. After the survey of demographic information, panelists 

evaluated 2 sets of 4 samples. The samples were presented and evaluated one at a time. 

Two-minute break was given between the sets. The serving orders of the samples were 

completely randomized within each set. 

In the first set of samples, panelists were presented with a set of standard products 

that were familiar to all cultures (i.e. orange juice, chocolate milk, and cola) and liquid 

form Gatorade® purchased in the local store (6% CHO level). Each product was 

presented with a two-page questionnaire (Appendix E). The first page included the 

product category statement (i.e. "orange juice beverage", "chocolate milk beverage", 

"cola beverage", and "lemon-lime flavored beverage") and the questions expected overall 

liking, expected sweetness liking, expected sweetness intensity and ideal sweetness 

intensity before tasting the sample. In the first set, Gatorade® was described only as a 
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"lemon-lime flavored beverage". The second page of the questionnaire included again the 

concept statement and the questions overall liking, sweetness liking, sweetness intensity, 

and the degree of fitness to their expectations. Panelists were asked to fill out the first 

page based on their expectations of the product from the concept statement, then to taste 

and evaluate the sample on the second page. A 9-point hedonic scales in English were 

used in the evaluation for all questions (Appendix E). 

After completing the first set of samples, panelists were presented with the four 

different levels of Gatorade® (5%, 8%, 11% and 14% CHO level) in random sequential 

monadic order. Panelists received two-page questionnaire with the first sample. The first 

page included a well defined concept statement for Gatorade® (i.e. "Gatorade®, a lemon- 

lime flavored sports-drink that quenches thirst, replenishes body fluids and electrolytes 

after exercise"), and the same expectation questions as asked on page on from the first set 

of samples. The second page included the Gatorade® concept statement and the same 

questions as page two from the first set of samples. Panelists were asked to fill out the first 

page on their expectations of the product from the concept statement. Then the panelists 

were asked to taste and evaluate the sample on the second page of the questionnaire. For 

remaining samples, panelists only evaluated page two of this questionnaire. Therefore, the 

expectation questions were only evaluated once. After finishing the evaluation of two sets 

of samples, panelists were asked to rate their frequency of consuming sports-drinks (never 

tried, drink less than one month, or drink more than one month) and Gatorade® (from 

daily to never), and years they had known the product Gatorade® (less than 1 year, less 

than 3 years, less than 5 years, less than 10 years, or more than 10 years) (Appendix E). 
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The years panelists had known Gatorade® will be defined as the length of exposure 

(degree of familiarity) to the product Gatorade® . 

4.3.4. Statistical Analysis 

4.3.4.1. Ideal Point Determination for Four Sweetener Levels of Gatorade® and It's 
Relationship to Demographics 

The optimum sweetener level for Gatorade® was initially determined for each 

panelist by inspection of their liking scores for the four Gatorade® samples evaluated in 

the second set. That is, the sample which was rated the highest among the four samples in 

overall liking was selected to be the most preferred sweetener level. If more than 2 

samples received equal high ratings on overall liking, then sweetness liking and fitness to 

expectation score were further compared and higher rated sample was selected as ideal 

point. After determining the ideal sweetener point for each individual, panelists were 

grouped into four groups according their ideal point (i.e. 5%, 8%, 11%, and 14% group). 

Chi-square analysis was conducted to identify if there was a relationship between 

the demographic characteristics (age, gender, country of origin, frequency of consuming 

sports-drink, and length of exposure to Gatorade®) for each ideal point group. 
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4.3.4.2. Segmentation of Groups for Evaluating Frame of Reference 

To investigate the context effect of Gatorade® in relation to other familiar frame 

of reference products (orange juice, chocolate milk, and cola), panelists were grouped by 

three criteria. Panelists were grouped by country of origin and also by optimal sweetener 

level for Gatorade® as described in section 4.3.4.1 and by factor analysis on overall liking 

ratings for the eight products evaluated. 

The following procedures were taken to group people by factor analysis on overall 

liking ratings for the eight products (Figure 4.1). To remove the scaling difference among 

individuals, the residuals were obtained by removing the panelist effect from the overall 

liking score using Analysis of variance (ANOVA). The data sets were rearranged in such a 

way that the panelists were in the columns and the samples were in the rows for the 

residuals of the overall liking score. Factor analysis was conducted with this data set using 

the Varimax rotation method. Panelists were segmented by the factor loadings. Hierarchial 

cluster analysis was conducted to merge the groups into three bigger groups (Group 1, 

n=95; Group 2, n=85; Group 3, n=34). Panelists who did not fit into any of the groups 

were excluded in the analysis. 

Analysis of variance was performed for all three grouping methods to examine 

whether group and group by product effects exist in the data. In the model, group, group 

by product, panelist within group and group by product effect were included. Group and 

product were regarded as fixed factors. Panelists within group were regarded as a random 

factor. Multiple comparison tests using Fisher's Protected Least Significant Difference 

(LSD) were conducted to see the difference between the groups for each sample. Also 



92 

Figure 4.1. Procedures of grouping panelists by factor analysis 

Overall liking data 

Compute residuals on overall liking scores 
by removing 

the panelists effect using ANOVA 

Rearrange data set: each panelist in column and 
residuals for the products in row 

^ r 

Factor analysis-group panelists by factor loading 

^ r 

Hierarchial cluster analysis-merge groups 
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Chi-square testing was done to determine differences in demographic characters among 

each groups. 

4.3.4.3. Analysis of Familiarity and Concept Effect 

The effect of familiarity and concepts on the expectation and taste evaluation for a 

sports-drink was investigated. Panelists who were exposed to Gatorade® less than five 

years were considered the unfamiliar group (n=106) and panelists who were exposed to 

Gatorade® more than five years were regarded the familiar group (n=150). 

To evaluate the concept effect on expectations and taste evaluation, two concepts 

were used for evaluating the Gatorade® sample: 

1. Lemon-lime flavored beverage in the first set of sample evaluations. 

2. Gatorade®, a lemon-lime flavored sports-drink that quenches thirst, replenishes body 

fluids and electrolytes after exercise in the second set of sample evaluations. 

All the expectation and taste evaluation ratings for Gatorade® samples evaluated 

as "Gatorade®" in four different sweetener level (5%, 8%, 11% and 14%) were 

extrapolated to 6% sweetener level in order to directly compare the effect of different 

concepts on expectation and acceptance ratings for 6% sweetener level. 

Analysis of variance was conducted to test the familiarity and concept effect on 

expectation and taste perception ratings. The model included familiarity, panelist within 

familiarity, concept effect within unfamiliar group, and concept effect within familiar 
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group effect. Familiarity and concept was considered as fixed effects and panelist within 

familiarity was considered random effect. 

All data were analyzed using SPSS® 6.0 for Windows™ (SPSS, Inc., 1993) and 

SAS® version 6.03 (SAS Institute, Inc., 1988). 

4.4. Results and Discussion 

4.4.1 Grouping by Country of Origin 

To evaluate the effect of cross-cultural frame of reference on expectations and 

acceptance ratings for a sports-drink, panelists were grouped by their country of origin. 

Panelists from different countries showed significant differences in frequency of 

consuming sports-drinks and Gatorade® through Chi-square testing (p<0.001) (Table 4.4, 

4.5). Most of the panelists from Indonesia and the US did not consume sports-drinks or 

Gatorade® frequently. Almost half of the panelists from China had previously never 

consumed a sports-drink before. A higher percentage of panelists from Korea consumed 

sports-drinks and Gatorade® frequently. There also was strong evidence that panelists in 

different countries had different degree of familiarity for the product 'Gatorade®' (Table 

4.6) (p<0.001). Most of the panelists from Korea and the US had known Gatorade® for 

more than five years. More than half of the Chinese had known Gatorade® for less than 

one year. 

When Gatorade® was presented as a lemon-lime flavored beverage, agreements 

existed among cultures in their expected liking (p>0.05) (Figure 4.2, and Table 4.7). 



Table 4.4. The number (N) and percentage (%) of panelists by frequency of consuming sports-drink for each country 

Country 

China Indonesia Korea US Total 

N % N % N % N % N % 

More than 1 per month 6 12.5 7 15.56 22 30.55 13 14.29 48 18.75 

Less than 1 per month 20 41.67 31 68.88 39 54.17 72 79.12 162 63.28 

Never tried before 22 45.83 7 15.56 11 15.28 6 6.59 46 17.97 

Total 48 100 45 100 72 100 91 100 256 100 

Chi-square(6d.f.)=43.615, p=0.001 

LA 



Table 4.5. The number (N) and percentage (%) of panelists by frequency of consuming Gatorade® for each country 

Country 

China Indonesia Korea US Total 

N % N % N % N % N % 

Frequency 1 per week 3 6.25 4 8:89 4 5.56 3 3.30 14 5.47 

2-3 per month 3 6.25 3 6.67 17 23.61 7 7.69 30 11.72 

1 per month 4 8.33 5 11.11 16 22.22 8 8.79 33 12.89 

1 per 6 month 4 8.33 15 33.33 11 15.28 25 27.47 55 21.48 

1 per year 7 14.58 10 22.22 14 19.44 21 23.08 52 20.31 

never 27 56.25 8 17.18 10 13.89 27 29.67 72 28.13 

Total 48 100.00 45 100.00 72 100.00 91 100.00 256 100.00 

Chi-square(15d.f.)=52.208, p=0.001 

V© 



Table 4.6. The number (N) and percentage (%) of panelists by years they had known Gatorade® 
for each country 

|                                                                                     Country 

China Indonesia Korea US Total 

N % N % N % N % N % 

Less than 1 year 26 54.17 1 2.22 1 1.39 0 0 28 10.94 

Less than 3 years 7 14.58 14 31.11 3 4.17 1 1.1 25 9.77 

Less than 5 years 6 12.5 17 37.78 21 29.16 10 10.99 54 21.09 

Less than 10 years 6 12.5 12 26.67 29 40.28 23 25.27 70 27.34 

More than 10 years 3 6.25 1 2.22 18 25 57 62.64 79 30.86 

Total 48 100 45 100 72 100 91 100 256 100 

Chi-square(12d.f.)=207.169 p=0.001 

-J 



Figure 4.2. Mean ratings for expected overall liking of beverage concepts among different countries 

Orange Juice 

Expected overall liking 

lemon-lime flavored 

beverage 

Coke 

concept 

Chocolate milk Gatorade 

- China 

- Indonesia 

-Korea 

-US 

* Scale categories 
1: Dislike extremely, 3: Dislike moderately, 5: Neither like or dislike, 
7: Like moderately, and 9: Like extremely 

00 
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Table 4.7. Means (SD) for expectations and taste evaluations by country of origin 

Expectations 
Concept Country Expected 

overall 
Expected 
sweetness 

Ideal 
sweetness 

liking intensity intensity 

Orange juice China 7.02(1.28)ab 4.50(1.13)a 4.56 
Indonesia 6.71(1.42)a 5.20(1.47)bc 5.20 
Korea 7.01(1.ll)ab 4.68(1.67)ab 4.60i 

 US 7.17(1.30)b 5.25(1.30)c 4.98 

1.32)a 
1.20)b 
1.55)a 
1.30)ab 

Chocolate milk China 6.31(1.65)a 5.50(1.43)a   5.04 
Indonesia 7.00(1.55)b 5.76(1.26)ab 5.62 
Korea 6.54(1.50)ab 5.86(1.51)ab 5.34i 
US 6.98(1.45)b 6.01(1.37)b   5.46i 

1.29)a 
1.21)b 
1.37)ab 
1.34)ab 

Cola China 6.14(1.43)a 4.92(1.43)a 4.40i 
Indonesia 6.89(1.09)b 5.64(1.ll)b 5.36i 
Korea 6.49(1.56)ab 5.98(1.28)b 5.28 
US 6.73(1.64)b 6.65(1.22)c 5.48 

1.33)a 
1.13)b 
1.40)b 
1.42)b 

Lemon-lime 
flavored beverage 

China 
Indonesia 
Korea 
US 

5.93(1.46)a 
5.77(1.61)a 
5.72(1.4l)a 
5.74(1.49)a 

4.25(1.72)a 4.17 
4.43(1.37)a 4.70 
4.38(1.51)a 4.29 
5.91(1.74)b 4.57 

1.43)a 
1.20)b 
1.22)ab 
1.27)ab 

Gatorade China 5.73(1.35)b 
Indonesia 5.82(1.40)b 
Korea 5.61(1.58)b 
US 4.89(1 ■62)a 

3.88(1.47)a 3.94 
4.49(1.58)a 4.67i 
4.07(1.52)a 3.65 
4.41(1.74)a 4.15 

1.45)ab 
1.21)c 
1.59)a 
1.34)b 

*a,b, and c indicate that different characters show significant differences (p<0.05) 
between countries for each sample 



Table 4.7. (Continued) 
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Sensory evaluation 
Product Country Overall Sweetness Fitness to 

liking intensity expectation 

Orange juice China 6.60(1.41) 4.23(1.45)a 5.21(1.38) 
Indonesia 6.02(1.50) 4.53(1.85)ab 4.82(1.25) 
Korea 6.43(1.61) 4.46(1.44)ab 5.32(1.36) 
US 6.64(1.65) 4.92(1.45)b 5.35(1.54) 

Chocolate milk China 7.06(1.04) 5.29(1.23)a 6.23(1.26) 
Indonesia 7.11(1.42) 5.76(1.60)ab 5.89(1.54) 
Korea 7.13(1.28) 5.40(1.38)a 6.11(1.33) 
US 7.31(1.14) 5.85(1.17)b 6.08(1.32) 

Cola China 6.29(1.58) 4.35(1.16)a 5.48(1.49) 
Indonesia 6.91(1.33) 5.22(1.20)b 5.62(1.40) 

Korea 6.37(1.45) 5.24(1.57)b 5.21(1.19) 
US 6.25(1.78) 5.78(1.53)c 5.18(1.15) 

Lemon-lime China 5.34(1.72) 3.17(1.26)a 4.58(1.50) 
flavored beverage Indonesia 5.16(1.85) 3.45(1.39)ab 4.64(1.60) 

Korea 5.08(2.02) 3.46(1.26)ab 4.68(1.54) 
US 5.07(1.60) 3.73(1.3 l)b 4.90(1.58) 

5% Gatorade China 4.65(1.99)b 2.75(1.26)a 4.06(1.58)a 
Indonesia 3.96(1.66)ab 2.33(1. ll)a 3.42(1.29)b 
Korea 4.22(1.86)ab 2.42(1.18)a 3.86(1.72)ab 
US 3.77(1.66)a 2.55(1.24)a 3.96(1.52)ab 

8% Gatorade China 5.17(1.94)ab 3.40(1.53)a 4.83(1.58)a 
Indonesia 5.76(1.7 l)b 4.20(1.38)b 5.42(1.86)a 
Korea 5.60(1.74)b 3.99(1.48)b 5.29(1.52)a 
US 5.00(1.75)a 4.28(1.68)b 5.29(1.58)a 

11% Gatorade China 5.92(1.64)b 4.79(1.71)a 5.56(1.57)b 
Indonesia 5.73(2.06)b 5.58(1.45)bc 5.60(1.63)b 
Korea 5.57(1.97)b 5.30(1.45)ab 5.10(1.86)ab 
US 4.83(1.86)a 6.06(1.53)c 4.91(1.64)a 

14% Gatorade China 5.57(1.97)c 5.36(1.76)a 5.26(1.72)b 
Indonesia 5.78(1.81)bc 6.36(1.75)b 5.49(1.93)b 
Korea 4.90(2.01)b 6.24(1.34)b 4.46(1.96)a 
US 4.14(2.16)a 7.06(1.42)c 4.19(1.96)a 

*a,b, and c indicate that difterent characters show significant dilierences (p<0.05) 
between countries for each sample 
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However, when Gatorade® was presented as Gatorade® with specific functions, panelists 

from the US dropped their expected liking by one point compared to Asians (Asians had 

similar liking ratings for "lemon-lime flavored beverage" concept) (Appendix B-5, 

country*product effect, p<0.01). The range of expected liking was different among 

cultures for other beverages such as orange juice, cola and chocolate milk. Chinese liked 

cola and chocolate milk slightly whereas US and Indonesian panelists moderately liked 

the samples. 

When Gatorade® was presented as a "lemon-lime flavored beverage", a large 

variation in expected sweetness intensity existed among countries (p<0.05) (Figure 4.3 

and Table 4.7). Panelists from the US expected the beverage to be sweeter than Asians, 

which suggests that the cultures had a different frame of reference. There was no 

difference in expected sweetness intensity among countries when Gatorade® was 

presented as Gatorade® (p>0.05). Interestingly, panelists from the US expected cola to be 

very sweet whereas the Chinese expected it be moderately sweet. Indonesians and 

Koreans were in the middle of those ranges. This indicates that cola is expected differently 

by the frame of reference among the panelists in each country. 

Variations in ideal sweetness for concept cola and lemon-lime flavored beverage 

were smaller than expected sweetness intensity (Figure 4.4, and Table 4.7) between 

different countries. In general, Indonesians preferred sweetness higher and the Chinese 

preferred sweetness lower for most beverages (p<0.05). The distinction between ideal 

sweetness intensity and expected sweetness intensity is that expected sweetness would be 

formed by panelists' previous experience with the product and ideal sweetness intensity is 

a combination of previous experience and individual preference for tastes. Disparity in the 



Figure 4.3. Mean ratings for expected sweetness intensity of beverage concepts among diflferent countries 

Orange Juice 

Expected sweetness intensity 

lemon-lime flavored 
beverage 

Coke. 

concept 

Chocolate milk Gatorade 

-China 

-Indoensia 

-Korea 

-US 

* Scale categories 
1: Not at all sweet, 3: Slightly sweet, 5: Moderately sweet, 
7: Very sweet, and 9: Extremely sweet 

o 



Figure 4.4. Mean ratings for ideal sweetness intensity of beverage concepts among different countries 

Ideal sweetness intensity 

Mainland Chinese 

Indonesian 

Korean 

US 

Orange Juice      lemon-lime flavored Coke Chocolate milk Gatorade 

concept 

* Scale categories 
1: Not at all sweet, 3: Slightly sweet, 5: Moderately sweet, 
7: Very sweet, and 9: Extremely sweet 

o 



104 

trend of cultural difference for ideal sweetness and expected sweetness intensity in this 

study suggests that country of origin based frame of reference clearly affect sweetness 

expectations. Other factors, however, affect ideal sweetness intensity (e.g. general factors 

during the formation of individual sweetness preference). 

When products were actually tasted, no differences (Appendix B-5, 

Country*Product effect, p=0.103) were observed between the countries in their overall 

liking compared to their expected liking for orange juice, lemon-lime beverage, coke, and 

chocolate milk (Figure 4.5 and Table 4.7). Indonesians had a slightly lower rating for 

orange juice and slightly higher rating for cola. A large cross-cultural variation was found 

in liking for the four sweetener levels of Gatorade® between countries (p<0.05). The 

optimum sweetener level for Gatorade® was different among countries. Panelists from 

Korea and the US preferred the 8% CHO level. Chinese subjects preferred the 11 % CHO 

level, and Indonesians rated the 8%, 11%, and 14% CHO level equally high. This 

contradicts some of the ratings for expected sweetness and ideal sweetness intensity 

ratings where cultural agreements were observed. Chinese subjects rated both their 

expected and ideal sweetness for Gatorade® as slightly to moderately sweet. However, 

their hedonic ratings for the Gatorade® samples suggest they prefer the sweeter product. 

Among US panelists, even the highest rating for samples with concept Gatorade® 

was lower than the rating for the sample with concept lemon-lime flavored beverage. This 

result is associated with their low expected liking for the concept Gatorade®. That is, the 

US panelists were influenced heavily by the Gatorade® concept. This may be due to the 

length of exposure to Gatorade® was significantly longer for US panelists compared to 

Asian panelists. 



Figure 4.5. Mean ratings for overall liking of beverage samples among different countries 
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Strong cross-cultural context effects for scaling of sweetness was observed on cola 

and higher sweetener level of Gatorade® (Figure 4.6 and Table 4.7). The results suggest 

that differences in intensity rating for cola and higher sweetener level of Gatorade® 

between Chinese and US panelists were likely due to the differences in frame of reference 

since the variation of intensity ratings for orange juice, chocolate milk and lemon-lime 

flavored beverage were smaller. This result could be also supported by the fact that 

expected sweetness intensity for cola was also lower among the Chinese group. Chinese 

may have a much broader sweetness intensity range for beverages in general thus a score 

of very sweet means much more sweetness for Chinese than Americans. However, 

possibility of using a smaller range of the scale among Chinese may be considered which is 

suggested by other literature (Yeh, 1999). The rate of increase in perceived sweetness 

intensity was higher for US, which accords with results in Chapter 3where Gatorade® 

concept was not given during the taste evaluation. This may be explained by 1) US 

panelists prefer less sweet product thus perceiving the sweetness to be moderate in lower 

concentration level, 2) differences in frame of reference, or 3) scaling effect using wider 

range of scale than other cultures. 

Panelists agreed (Appendix B-5, Country*Product effect, p=0.221) on the fitness 

to expectation for orange juice, lemon-lime flavored beverage, cola, and chocolate milk 

(Figure 4.7 and Table 4.7) (p>0.05). Different ratings (Appendix B-5, Country*Product 

effect, p<0.001) were observed in the 4 sweetener levels of Gatorade® (p<0.05) which 

reflect the results of overall liking scores. It is interesting to note that general negativity 

effect, always rating low for acceptance when expectation is disconfirmed (Anderson, 



Figure 4.6. Mean ratings for perceived sweetness intensity of beverage samples among different countries 
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Figure 4.7. Mean ratings for fitness to expectation of beverage samples among different countries 
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1973), was observed for US panelists in relationship of expectation and actual product 

performance. The 8% sweetener level of Gatorade®, which was rated as most high on 

fitness to expectation, received "neither like or dislike" rating for overall liking for US 

panelists. On the other hand, positive disconfirmation (product performance exceed 

expectation) was observed for Indonesian and Chinese panelists. 

4.4.2. Grouping by Optimum Sweetener Level 

Panelist were grouped by their optimum sweetener level in order to investigate any 

differences in expectation and acceptance ratings between these groups for both 

Gatorade® and other beverages. Twenty-five panelists had 5 % as their optimum level, 73 

panelists were in 8% group, 75 panelists in 11% group, and 83 panelists in 14% group. 

There were no significant differences in age (p>0.05) (Table 4.8), gender (p>0.05) (Table 

4.9), and frequency of consuming sports-drink (p>0.05) (Table 4.10) between groups. 

There was a trend that panelists from different countries distribute differently in the 

grouping by their optimal sweetness level for Gatorade® (p=0.061) (Table 4.11). A large 

proportion of Chinese panelists had optimum levels at 11% and 14% CHO. Almost half of 

the Indonesians had their optimum level at 14% CHO. Koreans and US subjects had larger 

number of panelists having their optimal level at 8% CHO compared to the other two 

countries. Also, each group had a different length of exposure to Gatorade® (p=0.051) 

(Table 4.12). The years that panelists had known Gatorade® was longer as the optimum 

sweetener level of Gatorade® was lowered. 



Table 4.8. The number (N) and percentage (%) of panelists by age for each group 
(based on optimum sweetener level for Gatorade®) 

1                                                    Grouping by optimum sweetener level for Gatorade® 

5% CK 10 group 8% CHO grou 11% CHO group 14% CHO group Total 

Age N % N % N % N % N % 

117-19 1 4 5 6.85 6 8 8 9.64 20 7.81 

20-29 13 52 37 50.68 38 50.67 38 45.78 126 49.22 

30-39 8 32 17 23.29 19 25.33 22 26.51 66 25.78 

40-49 2 8 12 16.44 7 9.33 10 12.05 31 12.11 

50 or more 1 4 2 2.74 5 6.67 5 6.02 13 5.08 

Total 25 100 73 100 75' 100 83 100 256 100 

Chi-square(18d.f.)=16.307 p=0.983 



Table 4.9. The number (N) and percentage (%) of panelists by gender for each group 
(based on optimum sweetener level for Gatorade®) 

Grouping by optimum sweetener level for Gatorade® 

5% CH .0 group 8% CHO grou 11% CHO group 14% CHO group Total 

N % N % N % N % N % 

Male 8 32 32 43.84 28 37.33 43 51.81 111 43.36 

Female 17 68 41 56.16 47 62.67 40 48.19 145 56.64 

Total 25 100 73 100 75 100 83 100 256 100 

Chi-square(3d.f.)=4.841 p=0.184 



Table 4.10. The number (N) and percentage (%) of panelists by frequency of consuming sports-drink 
for each group (based on optimum sweetener level for Gatorade®) 

Grouping by optimum sweetener level for Gatorade® 

5% CHO group 8% CHO grou 11% CHO group 14% CHO group Total 

N % N % N % N % N % 

More than 1 per month 5 20 15 20.55 14 18.67 14 16.87 48 18.75 

Less than 1 per month 18 72 49 67.12 44 58.67 51 61.45 162 63.28 

Never tried before 2 8 9 12.33 17 22.66 18 21.68 46 17.97 

Total 25 100 73 100 75 100 83 100 256 100 

Chi-square(6d.f.)=5.306 p=0.5a5 



Table 4.11. The number (N) and percentage (%) of panelists by their country of origin for each group 
(based on optimum sweetener level for Gatorade®) 

Country 

China Indonesia Korea US Total 

N % N % N % N % N % 

5%CHOgroup 4 8.3 1 2.2 7 9.7 13 14.3 25 18.8 

8%CHOgroup 8 16.7 11 24.4 21 29.2 33 36.3 73 17.6 

11%CH0 group 18 37.5 12 26.7 21 29.2 24 26.4 75 28.1 

14% CHO group 18 37.5 21 46.7 23 31.9 21 23.1 83 35.6 

Total 48 100 45 100 72 100 91 100 256 100 

Chi-square(9d.f.)=16.307, p=0.061 



Table 4.12. The number (N) and percentage (%) of panelists by years they had known Gatorade® for each group 
(based on optimum sweetener level for Gatorade®) 

Grouping by optimum sweetener level for Gatorade® 

5% CHO group 8% CHO grou 11% CHO group 14% CHO group Total 

N % N % N % N % N % 

Less than 1 year 4 16 5 6.85 9 12 10 12.05 28 10.94 

Less than 3 years 0 0 6 8.22 9 12 10 12.05 25 9.77 

Less than 5 years 2 8 13 17.81 14 18.67 25 30.12 54 21.09 

Less than 10 years 5 20 26 35.62 21 28 18 21.68 70 27.34 

More than 10 years 14 56 23 31.5 22 29.33 20 24.1 79 30.86 

Total 25 100 73 100 75 100 83 100 256 100 

Chi-square(12d.f.)=20.86 p=0.051 
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There were no differences in expected overall liking for any of the concepts across 

for the four groups (p>0.05) (Figure 4.8 and Table 4.13). 

Agreements were also observed in the expected sweetness intensity for orange 

juice, coke, and chocolate milk (Figure 4.9 and Table 4.13) (p>0.05). Agreements in 

expected overall liking and sweetness intensity suggest that all groups have similar frame 

of reference for general beverages. However, 11 % CHO group expected the concept 

"lemon-lime flavored beverage" to be less sweet than the other groups (p<0.05). The 5% 

CHO and 14% CHO groups expected the concept "Gatorade®" to be sweeter than the 

other groups (p<0.05). 

The 14% CHO group higher ideal sweetness intensity for all the beverage 

categories suggesting that 14%CHO group like sweeter taste in general (p<0.05) (Figure 

4.10 and Table 4.13). 

When the product was tasted, no significant differences were observed in overall liking 

among groups for orange juice, coke, and chocolate milk (p>0.05) (Figure 4.11 and Table 

4.13). However, significant differences (p<0.05) were shown in the rating for the lemon- 

lime flavored beverage and the four sweetener levels of Gatorade®. The 5% CHO group 

rated the highest and the 14% CHO group rated the lowest in liking for the lemon-lime 

flavored beverage. This may suggest that the 5% CHO group perceived the sweetness to 

be acceptable whereas the 14% CHO group perceived the sweetness to be not sweet 

enough since they generally prefer a sweeter level. The liking ratings for Gatorade® did 

not quite relate to expectation ratings. Although panelists thought that the expected 

sweetness intensity for Gatorade® should be slightly or slightly to moderately 



Figure 4.8. Mean ratings for expected overall liking of beverage concepts among panelists grouped 
by optimum sweetener level for Gatorade 
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Table 4.13. Means (SD) for expectations and taste evaluations by panelists grouped 
in different optimum sweetener level for Gatorade 

Expectations 
Concept Group Expected 

overall 
liking 

Expected 
sweetness 
intensity 

Ideal 
sweetness 
intensity 

Orange juice 5% group 
8% group 
11% group 
14% group 

7.12(1.39)a 5 
7.05(1.16)a 4 
7.00(1.16)a 4 
6.98(1 ■43)a 5 

20i 
.81 
79i 
.11 

1.41)a 4.80 
1.59)a 4.47 
1.56)a 4.64 
1.18)a 5.341 

1.35)ab 
1.44)a 
1.37)a 
1.19)b 

Chocolate milk 5% group 
8% group 
11% group 
14% group 

6.24(1.45)a 5 
6.64(1.66)a 5 
6.86(1.3 l)a 5 
6.82(1.63)a 5 

68 
.92 
.73 
.881 

1.49)a 4.84 
1.35)a 5.37i 
1.53)a 5.19 
1.34)a 5.701 

1.18)a 
1.26)ab 
1.49)a 
1.20)b 

Cola 5% group 
8% group 
11% group 
14% group 

6.72(1.14)a 5 
6.63(1.56)a 6 
6.47(1.69)a 5 
6.59(1.41)a 6 

.92 

.03 

.70 

.12 

1.38)a 4.64 
1.37)a 5.15 
1.60)a 5.02i 
1.22)a 5.58 

1.35)a 
1.46)ab 
1.52)a 
1.27)b 

Lemon-lime 
flavored beverage 

5% group 
8% group 
11% group 
14% group 

5.68(1.84)a 5 
5.66(1.50)a 5 
5.71(1.45)a 4 
5.97(1.36)8 5 

00 
.08 
41 
17 

1.76)ab 4.32i 
1.87)b 4.15 
1.65)a 4.24 
1.73)b   4.91 

1.03)a 
1.48)a 
1.17)a 
1.15)b 

Gatorade 

*a,b, and c indicate 
between groups for 

5% group 
8% group 
11% group 
14% group 

5.40(1.83)a 
5.45(1.53)a 
5.28(1.69)a 
5.51(1.41)a 

.6O1 

.93 

.93 
64 

1.68)ab 3.68 
1.59)a 3.53 
1.46)a 3.91 
1.64)b   4.78 

1.18)a 
1.35)a 
1.37)a 
1.41)b iH/o group ^ _^  

that different characters show significant differences (p<0.05) 
each sample 
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Sensory evaluation 

Product Group Overall Sweetness Fitness to 

liking intensity expectation 

Orange juice 5% group 6.52( 1.61)a 5.40( 1.15)b 5.561 :i.71)a 
8% group 6.46( 1.64)a 4.64( 1.57)a 5.24! [1.37)a 
11% group 6.48( 1.69)a 4.27( ;i.56)a 5.01< [1.40)a 
14% group 6.45( 1.42)a 4.60( :i.52)a 5.291 (1.38)a 

Chocolate milk 5% group 6.84( 1.62)a 5.641 :i.l5)a 5.76 [1.23)a 
8% group 7.09( 1.21)a 5.67( :i.42)a 6.22 [1.45)a 
11% group 7.35( 0.97)a 5.371 ;i.35)a 6.011 [1.35)a 
14% group 7.22( 1.27)a 5.751 :i.25)a 6.13< (1.30)a 

Cola 5% group 6.36< 1.60)a 5.401 :i.55)a 5.12< (1.36)a 
8% group 6.30< l1.67)a 5.291 ;i.50)a 5.321 (1.35)a 
11% group 6.201 ;i.67)a 5.011 [1.56)a 5.14 (1.17)a 
14% group 6.701 :i.43)a 5.43 [1.44)a 5.55 (1.27)a 

Lemon-lime 5% group 5.76 1.88)b 4.04 [1.14)b 5.32 [1.31)b 
flavored beverage 8% group 5.191 :i.74)ab 3.451 [1.31)a 4.98 [1.64)b 

11% group 5.211 ;i.76)ab 3.551 (1.39)ab 4.75 [1.45)ab 
14% group 4.86< [1.80)a 3.34 (1.61)a 4.32 (1.54)a 

5% Gatorade 5% group 5.92 [1.61)b 3.04 [0.93)c 5.96 (1.34)b 
8% group 4.10 [1.77)a 2.40 (1.32)ab 3.81 (1.38)a 
11% group 3.81 [1.71)a 2.27 [1.10)a 3.57 (1.36)a 
14% group 3.80 [1.67)a 2.671 [l,24)bc 3.52< [1.48)a 

8% Gatorade 5% group 4.56 [1.50)a 5.20 [1.32)c 4.72 (1.28)a 
8% group 6.40 [1.33)b 4.14 [1.47)b 6.38 [1.23)b 
11% group 4.95 [1.88)a 3.56 [1.51)a 4.77 (1.45)a 
14% group 4.98 [1.77)a 3.96 (1.60)ab 4.78 (1.68)a 

11% Gatorade 5% group 3.44 (1.47)a 6.44 (1.39)c 3.72 (1.54)a 
8% group 4.42 (1.73)b 5.90 (1.67)bc 4.30 (1.44)a 
11% group 6.39 [1.63)c 4.89 (1.32)a 6.09 [1.34)b 
14% group 5.96 [1.65)c 5.48 (1.60)b 5.65 [1.62)b 

14% Gatorade 5% group 2.84 [1.28)a 7.00 (1.78)b 3.12 (1.33)a 
8% group 3.54 (1.46)b 6.99 (1.50)b 3.27 (1.36)a 
11% group 4.80 (1.88)c 5.91 (1.82)a 4.65 (1.63)b 
14% group 6.85 (1.25)d 6.10 (1.30)a 6.46 (1.34)c 

*a,b, and c indicate that different characters show significant < lifferences (p<0 
between groups for each sample 



Figure 4.9. Mean ratings for expected sweetness intensity of beverage concepts among panelists grouped 
by optimum sweetener level for Gatorade 
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Figure 4.10. Mean ratings for ideal sweetness intensity of beverage concepts among panelists grouped 
by optimum sweetener level for Gatorade 
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Figure 4.11. Mean ratings for overall liking of beverage samples among panelists grouped 
by optimum sweetener level for Gatorade 
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sweet, the 11% CHO and 14% CHO groups preferred higher sweetener level sample in 

their actual sensory evaluation. This result indicates that individual's sweet preference 

(ideal sweetness intensity) in general may have stronger influence on actual taste 

acceptance than expected sweetness intensity. 

The 5% CHO group perceived the lemon-lime flavored beverage, orange juice, and 

4 sweetener levels of Gatorade® as tasting sweeter than other groups (p<0.05) (Figure 

4.12 and Table 4.13). Since no differences were observed in intensity ratings for coke and 

chocolate milk, the different perception in the citrus flavored beverage may be related with 

sweet-sour taste perception. Both intensity-pleasantness and concentration-perceived 

intensity fUnctions were observed in intensity ratings for 4 sweetener levels of Gatorade®. 

The 5% CHO and 8% CHO groups gave the highest overall liking score when they 

perceived sample to match their expectation (slightly to moderately sweet) or ideal 

intensity (concentration-perceived intensity function). The 11% CHO and 14% CHO 

group gave the highest overall liking score when 11% CHO group perceived the 

sweetness to be moderately sweet and 14% CHO group perceived the sweetness to be 

moderately to very sweet (perceived intensity-pleasantness functions preferring sweeter 

taste). 

Large variations existed in the fitness to expectation ratings for the lemon-lime 

flavored beverage and the 4 sweetener levels of Gatorade® (p<0.05) (Figure 4.13 and 

Table 4.13). The 5% CHO group rated the highest and the 14% CHO group the lowest 

for lemon-lime flavored beverage. This may be due to that 5% CHO group prefers less 

sweet than the 14% group as can be observed in ideal sweetness ratings and liked lemon- 



Figure 4.12. Mean ratings for perceived sweetness intensity of beverage samples among panelists grouped 
by optimum sweetener level for Gatorade 
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Figure 4.13. Mean ratings for fitness to expectation of beverage samples among panelists grouped 
by optimum sweetener level for Gatorade 
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lime flavored beverage more since it had 6% CHO level which were in the lower 

sweetener concentration among the Gatorade® samples. 

Grrouping panelists by optimal sweetener level for Gatorade® revealed that the 

differences between groups in the acceptance of Gatorade® were mainly driven by their 

preferences for sweet taste rather than affected by the type of concept given (lemon-lime 

flavored beverage vs. Gatorade®) or by frame of reference. 

4.4.3. Grouping by Factor Analysis 

Panelists were grouped by factor analysis based on the overall liking ratings for 8 

products. Three major groups were obtained by the analysis. Ninety-five panelists were in 

group 1, 85 panelists were in group 2, and 34 panelists were in groups. Other panelists 

were deleted for the further analysis due to their low fitness to any of the three groups. 

Although the mean values are presented in Table 4.14 for group3, this group will not be 

mentioned in the discussion since the number of subjects was relatively small compare to 

the other 2 groups. 

There were no significant age differences between the groups (Table 4.15). 

However, distributions of gender (p=0.005) (Table 4.16), country of origin (p=0.001) 

(Table 4.17), frequency of consuming sports-drink (p=0.032) (Table 4.18), and familiarity 

with Gatorade® (p=0.006) (Table 4.19) were significantly different between the groups. 

There were more females in group 1 and more males in group 2. Group 1 consisted of 

people mostly from Korea and US. Group 2 consisted of nearly equal proportion of 
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Table 4.14. Means (SD) for expectations and taste evaluations by panelists 
grouped by factor analysis on overall liking ratings of 8 products 

Expectations 
Concept Group Expected 

overall 
liking 

Expected 
sweetness 
intensity 

Ideal 
sweetness 
intensity 

Orange juice Group 1 7.19(1.13)a 4.86(1.50)a 4.61(1.37)3 

Group 2 6.88(1.36)a 5.35(1.29)b 5.41(1.16)b 

Group 3 7.03(1.17)a 4.29(1.57)c 4.17(1.49)a 

Chocolate milk Group 1 6.88(1.48)3 5.71(1.43)3 5.29(1.37)3 

Group 2 6.81(1.60)3 5.95(1.38)3 5.69(1.35)b 

Group 3 6.56(1.37)3 5.67(1.38)a 4.82(1.22)3 

Cola Group 1 7.05(1.25)3 

Group 2 6.54(1.34)b 

Group 3     5.32(2.04)c 

5.89(1.44)3 5.25(1.43)3 

5.98(1.21)3 5.42(11.24)3 

5.71(1.91)3     4.44(1.40^ 

Lemon-lime Group 1 5.77(1.42)3 5.39(1.76)3 4.40(1.39)3 

flavored beverage Group 2 5.87(1.33)3 4.70(1.75)b 4.91(1.15)b 

Group 3 6.00(1.61)3 4.17(1.64)c 3.62(1.01)c 

Gatorade Group 1 5.04(1.65)3 4.11(1.67)3 3.89(1.41)3 

Group 2 5.60(1.55)b 4.51(1.59)3 4.64(1.42)b 

Group 3 5.65(1.37)b 3.97(1.42)3 3.41(1.33)3 
*a and b indicate that different characters show significant differences (p<0.05) 
between groups for each sample 
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Sensory evaluation 

Product Group Overall Sweetness Fitness to 
liking intensity expectation 

Orange juice Groupl 6.83(1.41)a 4.69(1.41)3 5.41(1.40)3 

Group 2 6.35(1.44)b 4.71(1.56)3 5.29(1.42)3 

Group 3 6.65(1.70)ab 4.41(1.88)3 5.50(1.48)3 

Chocolate milk Groupl 7.41(1.13)3 5.66(1.24)a 6.17(1.24)3 

Group 2 7.27(1.06)3 5.85(1.21)3 6.16(1.35)3 

Group 3 7.09(0.99)a 5.32(1.49)3 5.97(1.36)3 

Cola Groupl 6.93(1.26)3 5.28(1.57)3 5.35(1.21)3 

Group 2 6.71(1.19)3 5.30(1.38)3 5.54(1.23)3 

Group 3 4.26(1.60)b 5.26(1.89)3 4.76(1.30)b 

Lemon-lime Groupl 5.43(1.48)3 3.86(1.40)3 4.88(1.49)3 

flavored beverage Group 2 4.60(1.63)b 3.23(1.26)b 4.23(1.43)b 

Group 3 6,53(1.50)c 3.44(1.31)3b 5.70(1.45)c 

5% Gatorade Groupl 3.77(1.59)3 2.55(1.24)3 3.83(1.56)3 

Group 2 3.71(1.65)3 2.44(1.10)3 3.29(1.17)b 

Group 3 4.76(1.86)b 2.41(1.20)3 4.41(1.69)c 

8% Gatorade Groupl 4.89(1.72)3 4.12(1.74)3 5.12(1.47)3 

Group 2 5.29(1.62)a 4.00(1.36)3 5.01(1.63)3 

Group 3 5.97(1.66)b 3.56(1.28)3 5.56(1.52)3 

11% Gatorade Groupl 4.23(1.61)3 5.74(1.65)3 4.46(1.58)3 

Group 2 6.45(1.44)b 5.55(1.38)3 6.00(1.44)b 

Group 3 6.65(1.41)b 4.82(1.53)b 5.94(1.46)b 

14% Gatorade Groupl 3.32(1.36)3 6.67(1.77)3 3.54(1.52)3 

Group 2 6.75(1.41)b 6.24(1.30)ab 6.25(1.41)b 

Group 3 4.94(1.77)c 5.82(1.90)b 4.26(1.78)c 
*a, b, and c indicate that different characters show significant ditterences (p<0.05) 
between groups for each sample 



Table 4.15. The number (N) and percentage (%) of panelists by age for each group (based on factor analysis) 

Grouping by factor analysis 

Group 1 Group 2 Group 3 Others Total 

Age N % N % N % N % N % 

17-19 7 7.37 10 11.76 2 5.88 1 2.38 20 7.81 

20-29 48 50.53 40 47.06 14 41.18 24 57.14 126 49.22 

30-39 18 18.95 24 28.24 14 41.18 10 23.81 66 25.78 

40-49 15 15.79 8 9.41 4 11.76 4 9.52 31 12.11 

50 or more 7 7.36 3 3.53 0 0 3 7.15 13 5.08 

Total 95 100 85 100 34 100 42 100 256 100 

Chi-square(12d.f.)=l 14.499, p=0.273 

00 



Table 4.16. The number (N) and percentage (%) of panelists by gender for each group 
(based on factor analysis) 

Grouping by factor analysis 

Group 1 Group 2 Group 3 Others Total 

N % N % N % N % N % 

Male 31 32.63 46 54.12 10 29.41 24 57.14 

42.86 

111 

145 

43.36 

56.64 Female 64 67.37 39 45.88 24 70.59 18 

Total 95 100 85 100 34 100 42 100 256 100 

Chi-square(2d.f.)=10.702, p=0.005 



Table 4.17. The number (N) and percentage (%) of panelists by their country of origin 
for each group (based on factor analysis) 

Grouping by factor analysis 

Group 1 Group 2 Group 3 Others Total 

N % N % N % N % N % 

China 12 12.63 19 22.35 10 29.41 17 16.67 48 18.75 

Indonesia 8 8.42 24 28.24 3 8.82 13 23.81 45 17.58 

Korea 25 26.32 22 25.88 10 29.41 25 35.71 72 28.12 

US 50 52.63 20 23.53 11 32.36 21 23.81 91 35.55 

Total 95 100 85 100 34 100 76 100 256 100 

Chi-square(6d.f.)=27.083, p=0.001 

o 



Table 4.18. The number (N) and percentage (%) of panelists by frequency of consuming sports-drink 
for each group (based on factor analysis) 

Grouping by factor analysis 

Group 1 Group 2 Group 3 Others Total 

N - % N % N % ■N % N % 

More than 1 per month 22 23.16 14 16.47 2 5.88 10 23.81 

64.29 

11.9 

48 

162 

46 

18.75 

63.28 

17.97 

Less than 1 per month 60 63.16 55 64.71 20 58.82 27 

Never tried before 13 13.68 16 18.82 12 35.3 5 

Total 95 100 85 100 34 100 42 100 256 100 

Chi-square(4d.f.)=l0.584, p=0.032 



Table 4.19. The number (N) and percentage (%) of panelists by years they had known Gatorade® 
for each group (based on factor analysis) 

Grouping by factor analysis 

Group 1 Group 2 Group 3 Others Total 

N % N % N % N % N % 

Less than 1 year 7 7.37 12 14.12 5 14.71 4 9.53 28 10.94 

Less than 3 years 5 5.27 10 11.76 7 20.59 3 7.14 25 9.77 

Less than S years 17 17.89 22 25.88 1 2.94 14 33.33 54 21.09 

Less than 10 years 28 29.47 21 24.71 13 38.24 8 19.05 70 27.34 

More than 10 years 38 40 20 23.53 8 23.52 13 30.95 79 30.86 

Total 95 100 85 100 34 100 42 100 256 100 

Chi-square(8d.f.)=21.376, p=0.006 
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panelists from each country. Panelists from group 1 were more familiar with Gatorade® 

than group 1. 

No differences between groups were observed in expected overall liking when the 

sample was presented as lemon-lime flavored beverage (p>0.05) (Figure 4.14 and Table 

4.14). However, group 1 rated lower in expected liking when the sample was presented as 

Gatorade® (p<0.05). Agreements in ratings were found in orange juice and chocolate milk 

(p>0.05). Group 1 significantly liked cola more than group 2 (p<0.05). 

No significant differences were found in expected sweetness intensity for cola, 

chocolate milk, and Gatorade® (p<0.05) (Figure 4.15 and Table 4.14). Group 2 expected 

orange juice to be in the sweeter category and group 1 expected the lemon-lime flavored 

beverage to be in the sweeter category. This indicates that panelists had different frame of 

reference in expected sweetness for those beverages. 

Group 2 rated higher on ideal sweetness intensity for all the samples compared to 

group 1 (p<0.05) (Figure 4.16 and Table 4.14) indicating that they generally like higher 

sweetness in general. 

No significant differences were observed in the liking for cola and chocolate milk 

between groups 1 and 2 (p>0.05) (Figure 4.17 and Table 4.14). Group 1 slightly liked 

orange juice more (p<0.05) than group 2. Group 2 significantly rated lower than group 1 

in the liking for Gatorade® when it was presented as a lemon-lime flavored beverage. This 

may be due to the sweetness intensity of Gatorade®. When Gatorade® was presented as 

Gatorade®, the optimal sweetener level for group 1 was the 8% CHO level. As we had 

observed that group 1 did not expect to like Gatorade® as much as group 2, the overall 

liking score shows that even the rating for the optimum level of Gatorade® was lower than 



Figure 4.14. Mean ratings for expected overall liking of beverage concepts among panelists grouped by factor analysis 
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Figure 4.15. Mean ratings for expected sweetness intensity of beverage concepts among panelists grouped by factor analysis 
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Figure 4.16. Mean ratings for ideal sweetness intensity of beverage concepts among panelists grouped by factor analysis 
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Figure 4.17. Mean ratings for overall liking of beverage samples among panelists grouped by factor analysis 
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that of the lemon-lime flavored beverage. This again suggests the acceptance of the 

concept alone an affect the actual product evaluations. However, group 2 liked Gatorade® 

more as the sweetener level increased and the ratings exceeded the ratings for the lemon- 

lime flavored beverage. Acceptance for group 2 was improved by varying the sweetener 

level for Gatorade®. 

There were no significant differences between the 2 groups in perceiving sweetness 

intensity for all the samples (p>0.05) except for Gatorade® presented as a lemon-lime 

flavored beverage (p<0.05) (Figure 4.18 and Table 4.14). Group 1 perceived the sample 

to be sweeter than group 2 which also supports that the sweetness intensity was more 

appropriate for group 1 panelists (group 2 tended to like sweeter samples). 

No significant differences were observed in fitness to expectation for orange juice, 

coke, and chocolate milk (p>0.05). Similar to overall liking, group 2 thought that lemon- 

lime flavored beverage did not quite meet their expectations (p<0.05) (Figure 4.19 and 

Table 4.14). Group 1 showed a clear negative disconfirmation when Gatorade® did not 

meet their expectation and group 2 showed positive disconfirmation when Gatorade® did 

not meet their expectation. That is, both group rated the 8% CHO level as fitting the 

expectation most and gave similar overall liking ratings. However, group 1 decreased their 

hedonic ratings as the sweetener level increased whereas group 2 continued to increase the 

hedonic ratings. 

In general, group 1 did not like sweetness as much as group 2. Group 1 was 

affected by the concept presented. That is, low acceptance of the concept Gatorade® 

influenced negatively in product acceptance rating and preferred less sweet levels of 



Figure 4.18. Mean ratings for perceived sweetness intensity of beverage samples among panelists grouped by factor analysis 
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Figure 4.19. Mean ratings for fitness to expectation of beverage samples among panelists grouped by factor analysis 
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Gatorade®. Ideal sweetness intensity and concept were major factors determining the 

acceptance and optimum sweetener level of Gatorade®. 

4.4.4. Familiarity and Concept Effect 

The effect of concept and familiarity on ratings of expectations and taste 

evaluation was investigated. Analysis of variance results in Table 4.20 and Appendix B-4 

indicated that the familiar group was affected significantly by the concept ("lemon-lime 

flavored beverage" vs. "Gatorade®") for the ratings of all attributes including expected 

overall liking (p<0.001), expected sweetness liking (p=0.023), expected sweetness 

intensity (p<0.001), ideal sweetness intensity (p<0.001), overall liking (p<0.001), 

sweetness liking (p<0.001), perceived sweetness intensity (p<0.001), and fitness to 

expectation (p=0.001). The familiar group rated Gatorade® as being sweeter and liked in 

both expectation and sensory evaluation when the sample was presented as a lemon-lime 

beverage. On the other hand, the unfamiliar was not affected by the concept statement for 

expected overall liking, expected sweetness liking, expected sweetness intensity, and ideal 

sweetness intensity (Table 4.20). However, the concept did affect the ratings for the 

unfamiliar group on overall liking (p<0.001), sweetness liking (p<0.001), perceived 

sweetness intensity (p=0.027), and fitness to expectation (p=0.041). They perceived the 

Gatorade® sample with the "lemon-lime flavored beverage" concept to be sweeter and 

more liked. These results lead to the conclusion that the concept used affects the ratings 

for both expectations and sensory evaluations by the Gatorade® familiar group, but only 

affects the sensory evaluation by the Gatorade® unfamiliar group. The Gatorade® 



Table 4.20. Mean ratings for expectations and taste evaluations under two level of concept evaluated by panelists grouped by familiarity 

Familiarity Concept Overall    Sweetness   Sweetness Fitness to Expected   Expected   Expected      Ideal 

liking         liking        intensity expectation overall     sweetness  sweetness  sweetness 

liking         liking       intensity    intensity 

Less than    Gatorade 4.61(1.46)a 4.47(1.28)a 3.08(1.10)a 4.28(1.19)a 5.56(1.51)   5.43(1.37)   4.20(1.66)   4.17(1.58) 

5 years        Lemon-lime flavored beverage 5.31(1.84)b 5.2(1.84)b   3.38(1.33)b 4.60(1.60)b 5.71(1.47)   5.71(1.41)  4.56(1.81)  4.40(1.38) 

More than   Gatorade 4.44(1.58)a 4.63(1.58)a 2.97(1.13)3 4.34(1.31)3 5.29(1.60)3 5.37(1.40)3 4.25(1.57)3 3.98(1.34)3 

5 years        Lemon-lime flavored beverage 5.03(1.74)b 5.26(1.70)b 3.58(1.29)b 4.80(1.52)b 5.82(1.48)   5.66(1.39)b 5.15(1.70)b 4.47(1.21)b 

a,b indicate that different characters show significant differences (p<0.05) between concepts within famiarity group 

4^ 
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unfamiliar group may have relied more on the phrase "lemon-lime flavored" in the 

evaluation of the Gatorade® concept since the product Gatorade® and the respective 

sensory properties of it were less familiar to them. 

4.5. Conclusion 

The proposed model delineating the processes of intensity and hedonic ratings by 

familiarity, concept and frame of reference was successful in explaining cross-cultural 

differences in sweetness preference for a sports-drink. The results showed that familiarity 

with the product is a key factor in determining the optimal sweetener level for Gatorade®. 

Negative disconfirmation was observed in higher sweetener level of Gatorade® among 

Gatorade® familiar group. Positive disconfirmation was observed among unfamiliar 

group. Concept influenced ratings of intensity and acceptance for both familiar and 

unfamiliar groups. Concept also influenced the expectations for Gatorade® familiar group. 

These results imply the importance of optimal product formulation in the earlier stage of 

product when consumers are less familiar with the product. However, acceptance of 

concept becomes more critical among the people who are more familiar with the product. 

The frame of reference also was shown to lead to context effect. In grouping panelists by 

country of origin, cross-cultural differences were observed for sweetness intensity ratings. 

The concept "lemon-lime flavored beverage" was a strong driver of expectations. This 

suggests that each culture have a different frame of reference for beverages. However, 

frame of reference had minimal effects on overall liking as differences in sweetness 

intensity ratings were less pronounced when panelists were segmented by overall 
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acceptance ratings. By these segmentations of groups, a fourth factor, individual 

sweetness preference was a critical factor determining the optimum sweetener level of 

Gatorade®. Panelists who rated high on ideal sweetness for general beverage tended to 

have higher optimum level. These results validate the importance of the model proposed in 

understanding the diversities in cross-cultural sweetness preference. Moreover, 

individual's general sweetness preference should be additionally included in the model to 

better explain the human preference for foods. 

4.6. Acknowledgement 

The authors wish to thank the Gatorade® Exercise Physiology Laboratory of 

Quaker Oats for providing the dry mix of Gatorade®. 

4.7. References 

Alba, J. and Hutchinson, J.W. 1987. Dimensions of consumer expertise. J. Consumer 
Res. 13, 411-454. 

Anderson, R.E. 1973. Consumer dissatisfaction: the effect of disconfirmed expectancy on 
perceived product performance. J. Marketing Res. 10, 38-44. 

Birch, L.L. and Marlin, D.W. 1982.1 don't like it; I never tried it: Effects of exposure on 
two-year-old children's food preferences. Appetite, 3, 353-360. 

Cardello, A.V., Mailer, 0., Masor, B.M., Dubose, C, and Edelman, B. 1985. Role of 
consumer expectancies in the acceptance of novel foods. J. Food Sci. 50, 1707- 
1985. 



145 

Cohen, I, and Basu, K. 1987. Alternative models of categorization: toward a contingent 
processing framework. J. Consumer Res. 13, 455-477. 

De Graaf, C, van Staveren, W.A., and Burema, J. 1996. Psychophysical and 
psychohedonic functions of four common food flavors in elderly subjects. Chem. 
Senses, 21, 293-302. 

Deliza, R. and MacFie, H.J.H., and Hedderley, D. 1996. Information affects consumer 
assessment of sweet and bitter solutions. J. Food Sci. 61, 1080-1084. 

Druz, L.L., and Baldwin, RE. 1982. Taste thresholds and hedonic responses of panels 
representing three nationalities. J. Food Sci. 47:561-563, 569. 

Laing, D.G., Prescott. J., Bell, G.A., Gillmore, R., James, C, Best, D.J., Allen, S., 
Yoshida, M., and Yamazaki, K. 1993. A cross-cultural study of taste 
discrimination with Australian and Japanese. Chem. Senses, 18, 161-168. 

Laing, D.G., Prescott. J., Bell, G.A., Gillmore, R., Allen, S., Best, D.J., Yoshida, M, 
Yamazaki, K., and Ishii, R. 1994. Responses of Japanese and Australians to 
sweetness in the context of different foods. J. Sensory Studies, 9, 131-155. 

Loken, B. and Ward, J. 1990. Alternative approaches to understanding the determinants 
of typicality. J. Consumer Res. 17, 111-126. 

Moskowitz, H.w., Kumariah, V., Sharma, K.N., Jacobs, H.L., and Sharma, S.D. 1975. 
Cross-cultural differences in simple taste preferences. Science, 19, 1217-1218. 

Moskowitz, H.R., Kluter, R.A., Westerling, J., and Jacobs, H.L. 1974. Sugar sweetness 
and pleasantness: evidence for different psychological laws. Science, 184, 583-585. 

Olson, J.C., and Dover, P. A. 1979. Disconfirmation of consumer expectations through 
product trial. J. Appl. Psyc. 64, 179-189. 

Rankin, K.M., and Marks, L.E. 1991. Differential context effects in taste perception. 
Chem. Senses, 16, 617-629. 



146 

SAS Institute Inc., 1988. SAS Institute Inc. SAS/STAT® User's Guide, Release 6.03 
Edition. Gary, NC. 

Schiffer stein, H.NJ. 1994. Contextual effects in the perception of quinine HCl/NaCl 
mixtures. Chem. Senses, 19, 113-123. 

Schifferstein, H.N.J., and Frijters, J.E.R. 1992. Contextual and sequential effects on 
judgements of sweetness intensity. Percept, and Psychophys. 52, 243-255. 

SPSS Inc., 1993. SPSS® for Windows™. Base System User's Guide, Release 6.0. 
Chicago, IL. 

Stayman, D.M., Alden, D.L., and Smith, K.H. 1992. Some effects of schematic 
processing on consumer expectations and disconfirmation judgments. J. Consumer 
Res. 19, 240-255. 

Stillman, J.A. 1993. Context effects in judging taste intensity: A comparison of variable 
line and category rating methods. Percept, and Psychophys. 54, 477-484. 

Tuorila, H.M., Meiselman, H.L., Cardello, A.V., and Lesher, L.L. 1998. Effect of 
expectations and definition of product category on the acceptance of unfamiliar 
foods. Food Qual. and Pref 9, 421-430. 

Zajonc, R.B. 1968. Attitudinal eefects of mere exposure. J. Personal. Soc. Psychol. 
Monograph Supplement, 9, 1-32. 

Zellner, D.A., and Brown, J.M. 1988. Effect of temperature and expectation on liking for 
beverages. Physiol. Behav. 44, 61-68. 



147 

5. THESIS SUMMARY 

Consumer characteristics and behavior in a cross-cultural framework is of 

significant interests to food researcher as the size of the global market is growing rapidly. 

The sports-drink category which is a functional beverage for athletes has become popular 

not only among consumers in US but also among consumers in Asian countries. 

However, cultural differences exist in the history or being exposed to the concept and to 

the product. 

In the first study, the optimum sweetener level for a sports-drink was determined 

for each country. The panelists from the US rated low sweetener concentrations higher 

than Asian panelists. It was not possible to identify the optimum sweetener level for some 

Asian countries, since the highest sweetener concentration level received the highest 

hedonic rating. Perceived sweetness intensity was closely related to hedonic ratings. US 

panelists were more sensitive to the change of sweetener concentration and needed less 

sweetener to reach "moderate sweetness". Striking cultural differences were also 

observed on the ratings of concept and expectation. The differences in degree of novelty 

ratings for the sports-drink between countries were a major factor influencing the cross- 

cultural diversities in concept evaluation and expectation ratings. 

A model delineating the processes for intensity and hedonic ratings of food 

among consumers was developed based on the results from the first study. The model 

included seven processes which involved familiarity, verbal concept, context effect and 

expectation as factors influencing intensity and hedonic ratings. 

To investigate the fundamental factors driving the cross-cultural diversity in food 

preferences, cross-cultural food acceptance was examined based on the model proposed. 
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The results showed that familiarity with the product was a key factor in determining the 

optimal sweetener level for Gatorade. Panelists who were familiar with Gatorade tended 

to have a lower optimum sweetener level. The results also indicated that concept 

information significantly influence the ratings of expectation and sensory evaluation for 

Gatorade® in the Gatorade® familiar group However, concept was only influential on 

sensory evaluation but not on the expectation ratings of Gatorade® in the unfamiliar 

group. Verbal concept had a large influence on the acceptance for a product. When the 

concept was not as acceptable to the panelists, panelists tended to give lower scores on 

taste acceptance ratings. Negative disconfirmation was showed when the expectations 

were not met for the familiar group, on the contrast disconfirmation was observed in the 

unfamiliar group. This implied the importance of product formulation when the product 

is novel to the consumer. Context effects were evaluated with groups having different 

frame of reference. In grouping panelists by country of origin, cross-cultural differences 

were observed for expectations and sensory evaluation of the products. Cultural 

variations were more pronounced in the ratings for expectations implying that each 

culture has different frame of reference for expectations in beverages. Grouping panelists 

by their optimum sweetener level for Gatorade® and factor analysis on overall liking 

ratings facilitated in understanding the processes for rating the product intensities and 

hedonics among the panelists. In these groups, the rating for ideal sweetness intensity of 

various beverages was good indicator in reflecting the level of sweetness panelists would 

prefer. The model proposed in this study was validated by the second study. 

It was possible to identify the critical factors and some processes affecting food 

preferences in a cross-cultural framework. Efforts need to be put into developing methods 
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for quantifying these influential factors to predict consumer preference for sweetness 

level in the future study. Also, the model developed in this study regarding processes for 

intensity and hedonic ratings needs to be further investigated as to its applicability to 

other food systems. 
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Appendix A. Picture board including product brand names that were used for conceptual 
survey in Chapters. 
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Appendix B. ANOVA tables 

B-1. ANOVA Tables for testing 4 sweetener levels of a sports-drink for overall liking, 
sweetness liking and intensity, sourness liking and intensity without information given 

Dependent Variabl le: Overall Liking 
Source lype 

Sum 
III 

of Squares 
df         Mean Square   1 K               Sig. 

Intercept Hypothesis 42333.93 1 42333.93 8861.14 0.000 

Error 1758.11 368 4.78 

Coutry Hypothesis 40.58 5 8.12 1.70 0.134 

Error 1758.11 368 4.78 

Sample Hypothesis 1039.41 3 346.47 204.55 0.000 

Error 1870.00 1104 1.69 

Panel(Country) Hypothesis 1758.11 368 4.78 2.82 0.000 

Error 1870.00 1104 1.69 

Country * Sample Hypothesis 51.53 15 3.44 2.03 0.011 

Error 1870.00 1104 1.69 

Dependent Variable: Sweetness Liking 

Source Type III                 i 

Sum of Squares 

df         i Mean Square   '. F              Sig. 

Intercept Hypothesis 
Error 

41331.14 
1517.93 

1 
368 

41331.14 
4.12 

1UU2U.1 0.000 

Coutry Hypothesis 55.45 5 11.09 2.68875 0.021 

Error 1517.93 368 4.12 

Sample Hypothesis 1104.01 3 368.00 170.872 0.000 

Error 2377.66 1104 2.15 

Panel(Country) Hypothesis 1517.93 368 4.12 1.91523 0.000 

Error 2377.66 1104 2.15 

Country * Sample Hypothesis 129.80 15 8.65 4.01789 0.000 

Error 2377.66 1104 2.15 
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Dependent Variable: Sweetness Intensity 
Source Type III                 ( 

Sum of Squares 
df         Mean Square - F               Sig. 

Intercept Hypothesis 

Error 

20985.91 

1590.07 

1 

368 

20985.91 

4.32 

4856.91 0.000 

Coutry Hypothesis 

Error 

55.07 

1590.07 

5 

368 

11.01 

4.32 

2.55 0.028 

Sample Hypothesis 

Error 

1573.21 

1406.79 

3 

1104 

524.40 

1.27 

411.53 0.000 

Panel(Country) Hypothesis 1590.07 368 4.32 3.39 0.000 

Error 1406.79 1104 1.27 

Country * Sample Hypothesis 

Error 

75.41 

1406.79 

15 

1104 

5.03 

1.27 

3.95 0.000 

Dependent Variable: Sourness Liking 
Source Type III                 « 

Sum of Squares 
If Mean Square   i ̂               Sig. 

Intercept Hypothesis 40069.54 1 ■ 40069.54 8951.91        0 

Error 1647.20 368 4.48 

Coutry Hypothesis 31.19 5 6.24 1.39 0.226 

Error 1647.20 368 4.48 

Sample Hypothesis 580.62 3 193.54 114.07        0 

Error 1873.09 1104 1.70 

Panel(Country) Hypothesis 1647.20 368 4.48 2.64        0 

Error 1873.09 1104 1.70 

Country * Sample Hypothesis 43.17 15 2.88 1.70 0.046 

Error 1873.09 1104 1.70 



B-l. (Continued) 

162 

Dependent Variable: Sourness Intensity 
Source Type III  

Sum of Squares 
W Mean Square   F~ Sig. 

Intercept Hypothesis 23021.82 1 23021.82 4252.87 0.000 

Error 1992.07 368 5.41 

Coutry Hypothesis 65.01 5 13.00 2.40 0.037 

Error 1992.07 368 5.41 

Sample Hypothesis 103.67 3 34.56 20.84 0.000 

Error 1830.93 1104 1.66 

Panel(Country) Hypothesis 1992.07 368 5.41 3.26 0.000 

Error 1830.93 1104 1.66 

Country * Sample Hypothesis 38.84 15 2.59 1.56 0.078 

Error 1830.93 1104 1.66 
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B-2. ANOVA Tables for testing differences in slopes of sweetness and sourness intensity 
for US vs. other countries 

Sweetness intensity 

Source Type III Sum of Squares     df Mean Square    F Sig. 

Product 

US 

Product*US 

Error 

Total 

1526.29 1 1526.29 749.45 0.000 

15.20 1 15.20 7.47 0.006 

2614.31 1 2614.31 25.07 0.000 

3038.53 1492 2.04 

14655.77 1495 

Sourness intensity 

Source Type HI Sum of Squares     df Mean Square    F Sig. 

Product 

US 

Product*US 

Error 

Total 

115.38 1 

1.98 1 

15.72 1 

3883.60 1492 

4034.59 1495 

115.38 749.45 0.000 

1.98 7.47 0.384 

15.71 25.07 0.014 

2.04 
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B-3. ANOVA Tables for testing 20 beverages on concept fitness, expected overall liking, 
expected sweetness intensity, and expected sourness intensity 

Dependent Variable: Concept fitness ' 
Source Type III              < 

Sum of Squares 
Jf Mean Square   F Sig. 

Intercept Hypothesis 

Error 

1262.02 

10592.34 

1 

2934 

1262.02 

3.61 

349.53 0..000 

Country Hypothesis 

Error 

2609.24 

14053.97 

5 

361 

521.85 

38.88 

13.42 0.000 

Product Hypothesis 

Error 

9633.27 

15777.83 

.17 

6136 

566.66 

2.57 

220.38 0.000 

Tried Hypothesis 

Error 

56.82 

15777.83 

1 

6136 

56.82 

2.57 

22.10 0.000 

Country*] Product Hypothesis 

Error 

1301.58 

15777.83 

85 

6136 

15.31 

2.57 

5.96 0.000 

Panel(Country) Hypothesis 14160.64 361 39.23 15.26 0.000 

Error 15777.83 6136 2.57 

Dependent Variable: Expected overall liking 
Source Type 111              i 

Sum of Squares 
df Mean Square   F Sig. 

Intercept Hypothesis 

Error 

3644.89 

15943.98 

1 

6031 

3644.89 

2.64 

1378.7 0.000 

Country Hypothesis 

Error 

298.25 

4000.17 

5 

362 

59.65 

11.04 

5.4 0.000 

Product Hypothesis 

Error 

1307.26 

14704.15 

17 

6136 

76.90 

2.40 

32.1 0.000 

Tried Hypothesis 

Error 

490.81 

14704.15 

1 

6136 

490.81 

2.40 

204.8 0.000 

Country* Product Hypothesis 

Error 

973.33 

14704.15 

85 

6136 

11.45 

2.40 

4.8 0.000 

Panel(Country) Hypothesis 4013.42 361 11.12 4.6 0.000 

Error 14704.15 6136 2.40 
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Dependent Variable: Expected sweetness intensity 
Source                                             Type III W 
 Sum of Squares 

Mean Square   V SigT 

Intercept Hypothesis 

Error 

Country Hypothesis 

Error 

Product Hypothesis 

Error 

Tried Hypothesis 

Error 

Country*Product     Hypothesis 

Error 

Panel(Country)        Hypothesis 

Error 

2660.834017 1 

11931.58875 4616 

465.8199788 5 

6601.865345 362 

11825.47714 17 

13030.18608 6136 

43.78514986 1 

13030.18608 6136 

1639.688217 85 

13030.18608 6136 

6642.567329 361 

13030.18608 6136 

2660.83 1029.31 0.000 

2.59 

93.16   5.11 0.000 

18.25 

695.62  327.57 0.000 

2.12 

43.79  20.62 0.000 

2.12 

19.29   9.08 0.000 

2.12 

18.40   8.66 0.000 

2.12 

Dependent Variable: Expected sourness intensity 
Source                                           Type III cIF" 
 Sum of Squares 

Mean Square   F~ ■s* 

Intercept Hypothesis 

Error 

Country Hypothesis 

Error 

Product Hypothesis 

Error 

Tried Hypothesis 

Error 

Country*Product     Hypothesis 

Error 

Panel(Country)        Hypothesis 

Error 

1439.08 1 

8785.86 4293 

503.22 5 

5687.63 362 

7016.13 17 

10084.59 6136 

4.74 1 

10084.59 6136 

710.44 85 

10084.59 6136 

5724.61 361 

10084.59 6136 

1439.08  703.18 0.000 

2.05 

100.64   6.40 0.000 

15.72 

412.71  251.12 0.000 

1.64 

4.74   2.88 0.090 

1.64 

8.36        5.09   0.000 

1.64 

15.86        9.65    0.000 

1.64 
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B-4. ANOVA Tables for testing familiarity and concept effect on expecations 
and sensory evaluation of Gatorade 

Concept effect within unfamilar group 

Variable Hypoth. SS Error SS Hypoth. MS Error MS F Sig. of F 

Expected overall liking 1.03 398.46 1.03 1.57 0.66 0.000 

Expected sweetness liking 4.17 316.8 4.17 1.25 3.34 0.000 

Expected sweetness intensity 6.97 482.59 6.97 1.9 3.67 0.027 

Ideal sweetness intensity 2.88 256.53 2.88 1.01 2.85 0.041 

Overall liking 26.18 524.68 26.18 2.07 12.7 0.419 

Sweetness liking 28.73 427.94 28.73 1.68 17.1 0.069 

Sweetness intensity 4.87 249.59 4.87 0.98 4.95 0.570 

Fitness to expectation 6.56 394.48 6.56 1.55 4.23 0.093 

Concept effect within familar group 

Variable Hypoth. SS : Error SS ', Hypoth. MS Error MS F Sig. of F 

Expected overall liking 20.71 398.46 20.71 1.57 13.2 0.000 

Expected sweetness liking 6.49 316.8 6.49 1.25 5.2 0.023 

Expected sweetness intensity 61.28 482.59 61.28 1.9 32.3 0.000 

Ideal sweetness intensity 17.6 256.54 17.6 1.01 17.4 0.000 

Overall liking 26.27 524.68 26.27 2.07 12.7 0.000 

Sweetness liking 29.81 427.94 29.81 1.68 17.7 0.000 

Sweetness intensity 28.34 249.59 28.34 0.98 28.8 0.000 

Fitness to expectation 16.02 394.48 16.02 1.55 10.3 0.001 
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B-4. (Continued) 

Familiarity effect 

Variable Hypoth. SS Error SS Hypoth. MS Error MS F Sig. of F 

Expected overall liking 12.25 776.06 12.25 3.06 4.01 0.046 

Expected sweetness liking 20.25 670.67 20.25 2.64 7.67 0.006 

Expected sweetness intensity 12.25 956.56 12.25 3.77 3.25 0.072 

Ideal sweetness intensity 0 695.57 0 2.74       0 1.000 

Overall liking 8.03 876.77 8.03 3.45  2.33 0.129 

Sweetness liking 10.03 905.39 10.03 3.56 2.81 0.095 

Sweetness intensity 4.69 505.14 4.69 1.99 2.36 0.126 

Fitness to expectation 1.78 621.48 1.78 2.45  0.73 0.395 

Panelists within familiarity 

Variable Hypoth. SS : Error SS Hypoth MS : Error MS F Sig. of F 

Expected overall liking 776.06 398.46 3.06 1.57 1.95 0.000 

Expected sweetness liking 670.67 316.8 2.64 1.25 2.12 0.000 

Expected sweetness intensity 956.56 482.59 3.77 1.9 1.98 0.000 

Ideal sweetness intensity 695.57 256.54 2.74 1.01 2.71 0.000 

Overall liking 876.77 524.68 3.45 2.07 1.67 0.000 

Sweetness liking 905.39 427.94 3.56 1.68 2.12 0.000 

Sweetness intensity 505.14 249.59 1.99 0.98 2.02 0.000 

Fitness to expectation 621.48 394.48 2.45 1.55 1.58 0.000 
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Expecations 

Dependent Variable: Expected overall liking 
Source Type 111 

Sum of Squares 
JF Mean Square   F Sig. 

Intercept Hypothesis 46970.74 1 46970.74 14688.49 0.000 

Error 805.84 252 3.20 

Product Hypothesis 368.42 4 92.10 49.24 0.000 

Error 1885.59 1008 1.87 

Country Hypothesis 5.20 3 1.73 0.54 0.654 

Error 805.84 252 3.20 

Product*Country Hypothesis 77.71 12 6.48 3.46 0.000 

Error 1885.59 1008 1.87 

Panel(Coutnry) Hypothesis 805.84 252 3.20 1.71 0.000 

Error 1885.59 1008 1.87 

Dependent Variable: Expected sweetness intensity 
Source Type III 

Sum of Squares 
df Mean Square   F Sig. 

Intercept Hypothesis 30545.25 1 30545.25 7204.82 0.000 

Error 1068.37 252 4.24 

Product Hypothesis 447.31 4 111.83 68.72 0.000 

Error 1640.26 1008 1.63 

Country Hypothesis 191.20 3 63.73 15.03 0.000 

Error 1068.37 252 4.24 

Product*Country Hypothesis 99.52 . 12 8.29 5.10 0.000 

Error 1640.26 1008 1.63 

Panel(Coutnry) Hypothesis 1068.37 252 4.24 2.61 0.000 

Error 1640.26 1008 1.63 
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B-5. (Continued) 

Dependent Variable: Ideal sweetness intensity 
Source Type in ar 

Sum of Squares 
Mean Square   F~ Sig. 

Intercept Hypothesis 26875.53 1 26875.53 5521.48 0.000 

Error 1226.60 252 4.87 

Product Hypothesis 245.80 4 61.45 58.72 0.000 

Error 1054.78 1008 1.05 

Country Hypothesis 73.85 3 24.62 5.06 0.002 

Error 1226.60 252 4.87 

Product*Country Hypothesis 30.63 12 2.55 2.44 0.004 

Error 1054.78 1008 1.05 

Panel(Coutnry) Hypothesis 1226.60 252 4.87 4.65 0.000 

Error 1054.78 1008 1.05 

Orange juice, cola, chocolate milk, and lemon-lime flavored beverage 

Dependent Variable: Overall liking 
Source Type III 

Sum of Squares 
if        Mean Square   h Sig. 

Intercept Hypothesis 37488.51 1 37488.51 12174.89 0.000 

Error 775.95 252 3.08 

Country Hypothesis 0.92 3 0.31 0.10 0.960 

Error 775.95 252 3.08 

Product Hypothesis 482.27 3 160.76 73.28 0.000 

Error 1658.49 756 2.19 

Country* Product Hypothesis 32.17 9 3.57 1.63 0.103 

Error 1658.49 756 2.19 

Panel(Country) Hypothesis 775.95 252 3.08 1.40 0.000 

Error 1658.49 756 2.19 
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Dependent Variable: Sweetness intensity 
Source Type III ^T 

Sum of Squares 
Mean Square   F~ Sig. 

Intercept Hypothesis 20668.97917 1 20668.98 

Error 865.9969448 252 3.44 

Country Hypothesis 87.28117093 3 29.09 

Error 865.9969448 252 3.44 

Product Hypothesis 600.9064896 3 200.30 

Error 1096.218103 756 1.45 

Country* Product Hypothesis 19.51594865 9 2.17 

Error 1096.218103 756 1.45 

Panel(Country) Hypothesis 865.9969448 252 3.44 

Error 1096.218103 756 1.45 

6014.55      0.000 

8.47     0.000 

138.14     0.000 

1.50     0.145 

2.37      0.000 

Dependent Variable: Fitness to expectation 
Source Type in ar 

Sum of Squares 
Mean Square   F Sig. 

Intercept Hypothesis 26838.99 1 26838.99 11127.12 0.000 

Error 607.83 252 2.41 

Country Hypothesis 2.55 3 0.85 0.35 0.788 

Error 607.83 252 2.41 

Product Hypothesis 232.08 3 77.36 42.47 0.000 

Error 1376.90 756 1.82 

Country* Product Hypothesis 21.68 9 2.41 1.32 0.221 

Error 1376.90 756 1.82 

Panel(Country) Hypothesis 607.83 252 2.41 1.32 0.002 

Error 1376.90 756 1.82 
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Dependent Variable: Overall liking 
 Type III "ST Mean Square   F" Source 

Sum of Squares 
Sig. 

Intercept Hypothesis 23926.74 1 23926.74 3693.65 O.OOO 

Error 1632.41 252 6.48 

Country Hypothesis 149.37 3 49.79 7.69 0.000 

Error 1632.41 252 6.48 

Product Hypothesis 267.35 3 89.12 35.42 0.000 

Error 1902.01 756 2.52 

Country*Product Hypothesis 58.50 9 6.50 2.58 0.006 

Error 1902.01 756 2.52 

Panel(Country) Hypothesis 1632.41 252 6.48 2.57 0.000 

Error 1902.01 756 2.52 

Dependent Variable: Sweetness intensity 
Source Type III              . 

Sum of Squares 
Jf Mean Square   F Sig. 

Intercept Hypothesis 19471.78 1 19471.78 4233.14 0.000 

Error 1159.16 252 4.60 

Country Hypothesis 110.87 3 36.96 8.03 0.000 

Error 1159.16 252 4.60 

Product Hypothesis 1924.08 3 641.36 490.38 0.000 

Error 988.76 756 1.31 

Country* Product Hypothesis 68.48 9 7.61 5.82 0.000 

Error 988.76 756 1.31 

Panel(Country) Hypothesis 1159.16 252 4.60 3.52 0.000 

Error 988.76 756 1.31 
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Dependent Variable: Fitness to expectation 
Type 111 "3F        Mean Square   F" Source 
Sum of Squares 

Sig. 

Intercept Hypothesis 21696.32 1 21696.32 5065.17 0.000 

Error 1079.43 252 4.28 

Country Hypothesis 26.77 3 8.92 2.08 0.103 

Error 1079.43 252 4.28 

Product Hypothesis 319.71 3 106.57 43.91 0.000 

Error 1834.82 756 2.43 

Country* Product Hypothesis 87.18 9 9.69 3.99 0.000 

Error 1834.82 756 2.43 

Panel(Country) Hypothesis 1079.43 252 4.28 1.76 0.000 

Error 1834.82 756 2.43 
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Appendix C. The number of people by previous experience with the product in each country 

Never heard of before Heard but never tried before Tried before 

N % N % N % 

US Green tea 19 23.2 21 25.6 42 51.2 

7Up 0 0 0 0 82 100 

Iced tea 1 1.2 11 13.4 70 85.4 

Grape juice 0 0 6 7.3 76 92.7 

Herbal hot tea 2 2.4 17 20.7 63 76.9 

Mountain Dew 0 0 3 3.7 79 96.3 

Coca- Cola 0 0 0 0 82 100 

Apple juice 0 0 0 0 82 100 

Orange juice 0 0 1 1.2 81 98.8 

Fruit punch 0 0 8 9.8 74 90.2 

Homogenized milk 2 2.4 8 9.8 72 87.8 

Gatorade 0 0 7 8.5 75 91.5 

Root beer 0 0 1 1.2 81 98.8 

Water 0 0 4 4.9 78 95.1 

Josta 25 30.5 37 45.1 20 24.4 

Coffee 4 4.9 14 17.1 64 78 

Lemonade 0 0 6 7.3 76 92.7 

Blue Energy 80 97.6 2 2.4 0 0 

Dr. Pepper 0 0 1 1.2 81 98.8 

Tomato juice 2 2.5 16 19.5 64 78 

Mainland 

China 

Green tea 6 11.8 7 13.7 38 74.5 

7Up 6 11.8 3 5.9 42 82.3 

Iced tea 4 7.8 8 15.7 39 76.5 

Grape juice 7 13.7 6 11.8 38 74.5 

Herbal hot tea 26 51 4 7.8 21 41.2 

Mountain Dew 16 31.4 8 15.7 27 52.9 

Coca- Cola 0 0 0 0 51 100 

Apple juice 0 0 0 0 51 100 

Orange juice 0 0 0 0 51 100 
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Mainland 

China 

Fruit punch 

Homogenized milk 

7 

13 

13.7 6 

9 

11.8 

17.6 

38 

29 

8 

21 

74.5 

56.9 

15.7 

41.2 

25.5 

Gatorade 34 66.7 9 17.6 

Root beer 8 15.7 22 43.1 

Water 2 3.9 7 13.7 42 82.4 

Josta 42 82.3 6 11.8 3 5.9 

Coffee 1 2 2 3.9 48 94.1 

Lemonade 3 5.9 8 15.7 40 78.4 

Blue Energy 46 90.2 4 7.8 1 2 

Dr. Pepper 15 29.4 11 21.6 25 49 

Tomato juice 7 13.7 18 35.3 26 51 

Indonesia Green tea 6 8.6 12 17.1 52 74.3 

7Up 0 0 0 0 70 100 

Iced tea 0 0 0 0 70 100 

Grape juice 2 2.9 11 15.7 57 81.4 

Herbal hot tea 13 18.6 22 31.4 35 50 

Mountain Dew 0 0 1 1.4 69 98.6 

Coca- Cola 0 0 0 0 70 100 

Apple juice 0 0 2 2.9 68 97.1 

Orange juice 0 0 0 0 70 100 

Fruit punch 0 0 5 7.1 65 92.9 

Homogenized milk 8 11.4 21 30 41 58.6 

Gatorade 1 1.4 8 11.4 61 87.2 

Root beer 0 0 0 0 70 100 

Water 0 0 1 1.4 69 98.6 

Josta 47 67.1 16 22.9 7 10 

Coffee 0 0 6 8.6 64 91.4 

Lemonade 1 1.4 2 2.9 67 95.7 

Blue Energy 57 81.4 10 14.3 3 4.3 

Dr. Pepper 0 0 18 25.7 52 74.3 

Tomato juice 2 2.9 21 30 47 67.1 
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Korea Green tea 10 13.7 9  12.3 

1.4 

54 

72 

61 

74 

98.6 7Up 0 0 1 

Iced tea 4 5.8 8 ._..  '.!_.. __ 83.2 

Grape juice 3 4.1 8 n 62 84.9 

Herbal hot tea 18 24.6 14 19.2 41 56.2 

Mountain Dew 13 17.8 4 5.5 56 76.7 

Coca- Cola 0 0 0 0 73 100 

Apple juice 8 11 3 4.1 62 84.9 

Orange juice 0 0 2 2.7 71 97.3 

Fruit punch 5 6.8 9 12.3 59 80.9 

Homogenized milk 23 31.5 10 13.7 40 54.8 

Gatorade 1 1.4 3 4.1 69 94.5 

Root beer 12 16.4 20 27.4 41 56.2 

Water 2 2.7 9 12.3 62 85 

Josta 61 83.6 8 10.6 4 5.8 

Coffee 2 2.7 6 8.2 65 89.1 

Lemonade 2 2.7 5 6.8 66 90.5 

Blue Energy 65 89.4 8 10.6 0 o 
Dr. Pepper 11 15.1 16 21.9 46 63 

Tomato juice 10 13.7 8 10.6 55 75.7 

Taiwan Green tea 5 13.9 5 13.9 26 72.2 

7Up 0 o 0 0 36 100 

Iced tea 1 2.8 2 5.6 33 91.6 

Grape juice 2 5.6 3 8.3 31 86.1 

Herbal hot tea 7 19.4 4 11.1 25 69.5 

Mountain Dew 6 16.7 3 8.3 27 75 

Coca- Cola 0 0 0 0 36 100 

Apple juice 1 2.8 0 0 35 97.2 

Orange juice 0 0   . 0 0 36 100 

Fruit punch 2 5.6 0 0 34 94.4 

| Homogenized milk 12 33.3 2 5.6 22 61.1 
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Taiwan Gatorade 9 25 6 16.7 21 58.3 

Root beer 2 5.6 5 13.9 29 80.5 

Water 2 5.6 1 2.8 33 91.6 

Josta 31 86.1 3 8.3 2 5.6 

Coffee 1 2.8 2 5.6 33 91.6 

Lemonade 1 2.8 4 11.1 31 86.1 

Blue Energy 33 91.6 2 5.6 1 2.8 

Dr. Pepper 4 11.1 6 16.7 26 72.2 

Tomato juice 1 2.8 8 22.2 27 75 

Thailand Green tea 11 18.3 18 30 31 51.7 

7Up 0 0 0 0 60 100 

Iced tea 2 3.3 8 13.3 50 83.3 

Grape juice 5 8.3 18 30 37 61.7 

Herbal hot tea 13 21.7 18 30 29 48.3 

Mountain Dew 0 0 1 1.7 59 98.3 

Coca- Cola 0 0 0 0 60 100 

Apple juice 3 5 5 8.3 52 86.7 

Orange juice 0 0 1 1.7 59 98.3 

Fruit punch 4' 6.7 5 8.3. 51 85 

Homogenized milk 13 21.7 7 11.7 40 66.6 

Gatorade 1 1.7 21 35 38 63.3 

Root beer 1 1.7 4 6.7 55 91.6 

Water 3 5 8 13.3 49 81.7 

Josta 48 80 7 11.7 5 8.3 

Coffee 1 1.7 9 15 50 83.3 

Lemonade 2 .   3.3 5 8.3 53 88.4 

Blue Energy 57 95 3 5 0 0 

Dr. Pepper 6 10 19 31.7 35 58.3 

Tomato juice 6 10 22 36.7 32 53.3 
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Appendix D. Means for concept fitness, expected overall liking, expected 
sweetness intensity, and expected sourness of for 18 beverages in each country 

Product US Mainland China Indonesia Korea Taiwan Thailand 

Concept 

fitness 

Green tea 1.12(0.89)a 1.72(1.53)ab 2.19(2.32)b 2.06(1.90)b 1.89(1.88)b 1.46(1.30)8 

TUp 3.88(2.39)a 3.74(2.26)a 5.09(2.62)c 4.90(2.41 )bc 3.94(2.63)ab 4.65(2.02)abc 

Iced tea 2.15(1.67)8 3.52(1.96)b 4.43(2.77)c 4.48(2.3 l)c 3.78(2.36)bc 3.6(2.07)b 

Grape juice 1.51(1.34)8 3.10(2.03)bc 3.67(2.71 )c 3.51(2.55)c 3.03(2.12)bc 2.64(1.86)b 

Heital hot tea 1.16(0.71)a 2.26(1.53)bc 2.60(2.34)cd 2.91(2.23)d 2.79(1.86)cd 1.93(1.38)b 

Mountain Dew 3.48(2.19)8 4.32(2.08)b 5.76(2.29)c 4.92(2.30)b 4.48(2.59)b 4.81(2.23)b 

Coca- Cola 1.28(1.00)8 2.92(2.27)bc 3.35(2.85)cd 3.82(2.75)d 3.32(2.74)bcd 2.53(2.07)b 

Apple juice 1.33(0.70)8 3.59(2.23)c 3.34(2.49)c 3.53(2.43)c 3.35(2.30)bc 2.48(1.98)b 

Orange juice 1.7(1.47)8 4.22(2.53)bc 4.33(2.85)c 4.00(2.60)bc 3.48(2.49)bc 3.32(2.25)b 

Fruit punch 1.94(1.60)8 3.87(2.45)bc 4.39(2.63)c 3.69(2.09)bc 3.88(2.53)bc 3.53(2.19)b 

Homogenized milk 1.16(0.98)a 2.17(1.73)bc 2.56(2.65)c 2.11(2.17)bc 1.86(1.79)abc 1.77(1.80)ab 

Gatorade 7.97(1.94)c 4.22(2.54)8 7.34(2.1 l)bc 7.19(2.09)b 5.08(2.76)a 7.11(2.08)b 

Root beer 1.24(0.93)8 2.07(1.55)b 3.36(3.02)d 2.86(2.14)cd 2.35(1.98)bc 2.09(1.80)b 

Water 2.04(1.93)a 3.16(2.47)bc 4.00(3.23)cd 4.23(2.96)d 3.12(2.67)bc 2.65(2.32)ab 

Coffee 1.25(1.03)8 2.26(1.89)bc 2.71(2.77)c 2.57(2.21)c 2.06(1.99)bc 1.72(1.60)ab 

Lemonade 4.2(2.35)8 5.5(2.42)b 6.23(2.29)b 5.82(2.25)b 6.26(2.46)b 5.86(2.16)b 

Dr. Pepper 1.43(1.26)8 2.58(2.25)b 2.85(2.46)b 3.55(2.24)c 2.29(1.70)b 2.37(1.91)b 

Tomato juice 1.16(0.53)8 2.35(1.74)bc 2.56(2.58)c 2.33(2.00)bc 2.56(2.39)c 1.71(1.57)ab 

Expected 

overall 

liking 

Green tea 5.83(1.89)ab 6.16(2.09)ab 5.99(1.82)ab 5.53(2.00)8 6.34(1.88)b 5.72(1.17)ab 

TUp 7.01(1.13)c 5.97(1.70)8 6.91(0.97)c 6.36(1.23)ab 6.14(1.87)ab 6.61(1.16)bc 

Iced tea 6.39(1.62)b 5.76(2.00)a 7.33(1.27)c 6.50(1.45)b 6.29(1.66)ab 6.61(1.35)b 

Grape juice 7.21(1.39)c 5.86(1.73)8 6.57(1.55)b 6.78(1.55)bc 6.77(1.56)bc 6.00(1.68)8 

Herbal hot tea 6.24(1.66)b 5.01(171)8 5.36(1.81)8 5.10(1.65)8 5.51(2.05)8 5.25(1.78)8 

Mountain Dew 5.64(2.13)8 5.99(1.47)ab 7.10(1.67)c 6.21(1.57)b 6.35(1.74)b 6.30(1.25)b 

Coca- Cola 6.60(1.85)ab 6.10(1.75)8 7377(1.23)c 6.97(1.63)b 6.40(1.86)ab 7.54(138)c 

Apple juice 7.24(1.63)b 6.79(1.62)ab 6.87(1.47)ab 6.63(1.53)ab 6.66(1.55)ab 6.58(1.54)8 

Orange juice 7.61(1.36)8 6.94(1.59)b 7.36(1.27)ab 7.25(1.28)ab 7.11(1.89)ab 7.44(1.32)ab 

Fmit punch 6.78(1.28)ab 6.3(1.64 )a 7.03(1.44)b 6.59(1.47)ab 6.66(1.50)ab 6.58(1.54)ab 

Homogenized milk 6.02(2.07)8 6.14(1.42)8 5.49(1.87)a 5.47(2.05)8 5.63(2.05)a 6.04(1.83)8 
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Expected 

overall 

liking 

Oatorade 6.32(1.88)bc 5.63(1.64)a 6.59(1.50)c 6.00(1.88)ab 5.80(1.53)ab 5.58(1.67)a 

Root beer 6.60(2.07)c 4.94(2.12)b 7.40(1.36)d 4.24(2.19)8 6.09(1.87)0 6.36(1.78)c 

Water 7.05(1.61)b 5.88(1.83)a 7.71(1.45)c 6.56(1.65)b 6.63(1.78)b 6.65(1.65)b 

Coffee 5.35(2.13)a 5.62(1.94)ab 6.80(1.65)c 6.82(1.56)c 5.60(1.76)ab 6.33(1.84)bc 

Lemonade 6.90(1.52)bc 6.17(1.83)8 6.96(1.52)e 6.63(1.33)abc 6.80(1.43)abc 6.39(1.63)ab 

Dr. Pepper 6.21(2.01)b 4.55(1.76)a 6.21(2.05)b 4.88(2.24)8 5.33(1.97)8 5.04(1.85)8 

Tomato juice 5.68(2.56* 5.19(2.13)bc 4.79(2.35)b 5.40(1.87)bc 5.14(2.17)abc 4.30(2.17)a 

Expected 

sweetness 

intensity 

Oreentea 1.68(1.17)ab 1.84(1.46)ab 2.17(1.68)b 1.56(1.22)8 1.67(1.06)ab 1.95(1.17)ab 

7Up 5.93(1.73)b 4.09(1.74)8 5.53(1.70)8 5.45(1.75)8 5.37(1.56)8 5.47(1.55)8 

Iced tea 4.88(1.80)bc 3.76(1.78)a 5.16(1.88)0 4.63(1.63)bc 4.29(1.52)ab 4.74(1.75)bc 

Grape juice 6.17(1.45)c 5.00(1.68)a 5.96(1.68)0 6.00(1.68)0 5.06(1.53)ab 5.68(1.56)bc 

Hntalhottea 2.82(1.82)a 3.26(1.70)ab 4.41(2.19)0 3.58(2.12)b 3.34(1.91)ab 3.42(2.12)ab 

Mountain Dew 6.71(2.06)d 3.84(2.16)a 6.01(1.64)c 5.54(2.1 l)bc 5.20(1.55)b 5.54(1.57)bc 

Coca-Cola 6.72(1.75)c 4.51(2.15)8 6.07(1.56)b 6.33(1.66)bc 5.94(1.53)b 6.30(1.35)bc 

Apple juice 6.27(1.55)b 5.45(1.73)8 5.99(1.62)ab 5.88(1.79)ab 5.53(1.42)a 5.91(1.48)ab 

Orange juice 5.50(1.49)8 5.08(1.76)8 5.49(1.64)8 5.32(1.80)8 5.12(1.39)a 5.46(1.37)8 

Fruit punch 6.48(1.66)b 5.53(1.68)a 5.80(1.71)8 5.78(1.79)8 5.34(1.30)a 5.74(1.38)a 

Homogenized milk 2.00(1.21)ab 2.49(1.60)bc 2.62(1.73)0 1.83(1.15)a 1.74(1.10)8 2.56(1.74)0 

Oatorade 4.79(2.15)8 4.61(2.06)8 4.79(1.57)a 4.22(1.75)8 4.16(1.35)8 4.39(1.68)8 

Root beer 6.84(1.84)c 3.10(2.09)8 6.06(1.84)b 3.51(2.28)8 5.36(2.00)b 5.51(1.87)b 

Water 1.15(0.05)ab 1.57(1.54)c 1.07(0.35)8 1.37(0.99)bc 1.23(0.76)abc 1.33(1.0O)abc 

Coffee 2.33(1.89)a 2.79(2.25)8 3.67(0.39)b 3.79(2.45)b 3.77(1.93)b 3.84(2.21)b 

Lemonade 6.10(1.62)b 4.61(1.81)8 5.04{2.05)a 5.07(2.01)8 4.63(1.70)a 4.82(1.80)a 

Dr. Pepper 6.51(2.04)a 4.26(2.23)c 5.46(1.25)b 5.31(2.05)b 5.59(1.89)b 5.16(1.69)b 

Tomato juice 2.22(1.25)8 3.79(2.17)b 3.67(2.09)b 3.41(2.21)b 3.41(1.73)b 3.82(1.64)b 

Expected 

sourness 

intensity 

Green tea 1.91(1.34)b 1.44(1.04)8 1.30(0.67)8 1.97(1.70)b 1.38(0.72)a 1.47(1.15)8 

7Up 2.17(1.46)8 2.30(1.36)ab 2.46(1.54)ab 2.73(1.87)b 2.23(1.27)ab 2.68(1.47)ab 

Iced tea 2.35(1.54)a 2.37(1.27)ab 2.90(1.61)bc 2.97(1.81)0 2.69(1.33)abc 2.91(1.75)bc 

Grape juice ' 2.49(1.45)a 3.47(1.78)b 3.49(1.73)b 3.92(2.09)bc 3.82(1.54)bc 4.19(1.97)0 

Herbal hot tea 1.741.13)a 2.41(1.35)b 2.31(1.40)b 3.31(1.98)0 2.58(1.41)b 2.68(1.73)b 

Mountain Dew 2.22(1.48)a 2.45(1.59)ab 3.44(1.80)c 2.96(1.88)bc 2.94(1.43)bc 3.09(1.45)0 
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Expected 

sourness 

intensity 

Coca- Cola 1.46(0.77)a 1.92(1.41)abc 1.73(1.17)abc 1.99(1.65)bc 2.17(1.54)c 1.54(1.19)ab 

Apple juice 2.13(1.34)a 3.06(1.56)b 3.43(1.84)b 4.11(2.12)c 3.26(1.70)b 3.51(1.64)bc 

Orange juice 3.33(1.71 )a 4.04(1.55)b 4.83(1.94)c 4.64(2.21)bc 3.97(1.48)ab 4.84(2.15)c 

Frait punch 2.54(l.S2)a 3.45(1.54)b 4.06(1.74)bc 4.20(2.18)c 3.37(1.66)b 4.46(1.94)c 

Homogenized milk 1.15(O.70)a 1.44(1.11)8 1.36(0.72)8 1.39(0.91)8 1.12(0.40)8 1.28(0.97)8 

Oalorade 3.76(1.69)bc 3.13(l.S6)ab 3.61(1.88)bc 3.55(1.87)bc 2.82(1.32)a 3.96(1.97)c 

Root beer 1.27(0.90)a 2.06(1.50)bc 1.71(1.12)b 2.38(1.65)c 2.03(1.36)bc 1.68(1.18)ab 

Water 1.05(0.22)ab 1.38(1.30)c 1.03(0.17)8 1.29(0.97)bc 1.14(0.59)abc 1.23(0.84)abc 

Coffee 1.72(1.21)ab 1.66(1.47)ab 1.4(0.79)8 1.83(1.57)b 1.71(1.18)ab 1.47(1.12)ab 

Lemonade 4.99(1.77)ab 4.40(1.74)8 4.99(2.05)ab 5.76(2.14)c 4.88(1.65)ab 5.61(1.96)bc 

Dr. Pepper 1.45(0.90)a 2.34(1.71)c 1.80(1.25)ab 2.60(1.78)c 2.14(1.29)bc 1.77(1.37)ab 

Tomato juice 2.74(1.73)8 4.60(2.08)c 3.69(2.09)b 3.64(2.15)b 4.18(1.83)bc 3.68(1.75)b 

*a,b,c, and d indicate that different characters show significant differences (p<0.05) 

between samples within each country 



Appendix E. Example of the ballot used for consumer testing in the second study (Chapter 4) 

Panel Number 

What is your Citizenship and Ethnic back ground? 

Citizenship: 

Mainland Chinese 

Korean 

citizen did you live 

Indonesian 

U.S.A.: 

If you are not a U.S. 

6 months or less 

Caucasion        

Hispanic 

Indonesian      _ 

, how many years 

African 

Korean 

Chinese 

i in the U.S.? 

1 year or less 

3 year or less 

5 year or less 

5 year or more 

What is your age? 

What is your gender? Male Female 

Other 

00 o 
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The following product is a Non-carbonated Lemon-lime Flavored beverage. 

Before you taste the sample please answer (check X) the following questions 

1. What is your expected overall liking of this product? 

Dislike Dislike Dislike Dislike 

extremely      very much      moderately        slightly 

D D D-D 

2. What is your expected sweetness liking of this product? 

Dislike Dislike Dislike Dislike 

extremely      very much      moderately slightly 

D D D D 

3. What is your expected sweetness intensity of this product? 

Not sweet       None to Slightly Slightly to 

at all slightly sweet moderately 

D D D D 

4. What would be your ideal sweetness level of this drink? 

Not sweet       None to Slightly        Slightly to 

at all slightly sweet moderately 

D D D D 

Neither like Like Like Like Like 

nor dislike slightly moderately very much extremely 

D D D D D 

Neither like Like Like Like Like 

nor dislike slightly moderately very much extremely 

D D D D D   . 

Moderately Moderately Very much Very much to Extremely 

sweet to very much sweet extremely sweet 

D D D D D 

Moderately Moderately Very much Very much to Extremely 

sweet to very much sweet extremely sweet 

D D D D D 



Appendix E. (Continued) 

Non-Carbonated Lemon-Lime Flavored Beverage 

Panelist number 

Now please taste the product and answer (check X) the following questions: 

1. How do you like this product overall? 

Dislike Dislike Dislike Dislike Neither like Like 

extremely      very much      moderately        slightly nor dislike slightly 

D D D D D D 

2. How do you like the sweetness of this product? 

Dislike Dislike Dislike Dislike Neither like Like 

extremely      very much      moderately        slightly nor dislike slightly 

D D D D D □ 

3. What is the sweetness intensity of this product? 

Not sweet       None to Slightly        Slightly to       Moderately     Moderately 

at all slightly sweet moderately sweet        to very much 

D D D D D 0      • 

4. How did this product meet your expectations in overall liking? 

Extremely Much Moderately        Slightly The same Slightly 

worse worse worse worse better 

D D D D D D 

Sample: 

Like Like Like 

moderately very much extremely 

D D D 

Like Like Like 

moderately very much extremely 

D D D 

Very much Very much to Extremely 

sweet extremely sweet 

D D D 

Moderately Much Extremely 

better better better 

D D D 00 



Appendix E. (Continued) 

How long have you known the product Gatorade? (cricle one) 

Less than       Less than       Less than        Less than       More than 

1 year 3 years 5 years 10 years        10 years 

□ D D D □ 

How frequently do you drink Gatorade? 

Daily 1 per week   2-3 per month   1 per month   1 per 6 months    1 per year 

D D D 

How often do you drink sprots-drink? 

Sports drink (Gatorade, PowerAde, etc.) 

□ D D 

More than        Less than Never 

1 per month     1 per month     tried before 

D D D 

never 

□ 

00 


