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The Effect of Healthy Food Awareness on Price Sensitivity 

 

Abstract 

 

    In recent years, price sensitivities of healthy and unhealthy foods have received much 

attention in the literature. Previous research has showed that there is different consumption 

behavior between healthy and unhealthy food when their prices are changed. In the current 

study, we applied a hypothetical choice experiment with two different purchasing situations to 

examine the effects of healthy food awareness to price sensitivities of both healthy and 

unhealthy foods. We mainly found that in the different purchasing situations, consumption 

behaviors are different between healthy and unhealthy foods when their prices are changed. 
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1. Introduction 

Recently in Japan, the numbers of patients suffering from life style related diseases are 

increasing. Additionally, according to the Ministry of Health, Labour and Welfare (2011), the 

death by life style related disease is increasing. These lifestyle related diseases are caused by 

poor diets and too little exercise. 

Price sensitivity to foods has historically received much attention in the literature. Many 

previous studies have found that consumers’ demand sensitivity exhibits a greater relative 

increase in response to a price increase than a price decrease since the last purchase. However, 

Benson (2008) stated in her study that the opposite way was found for unhealthy foods, which 

provides an insight that people may respond differently to food price changes based on 

whether the food is healthy or unhealthy. Meanwhile, several studies have found taste to be the 

most looked for characteristic in food. According to a recent study of Powers (2014), college 

students’ food purchase intentions are most strongly associated with taste. 

To explore a behavior to affect health behavior, Cutler and Lleras-Muney (2010) 

examined possible explanations for the relationship between education and health behaviors, 

known as the education gradient. They showed that income, health insurance, and family 

background can account for about 30 percent of the gradient. Knowledge and measures of 

cognitive ability explain an additional 30 percent. Social networks account for another 10 

percent. Juhl and Jensen (2014) suggested that there is an asymmetric effect of discounts 

depending on the fat content of the product. 

The purpose of this study is to find out the effects of healthy food awareness to price 

sensitivities of both healthy and unhealthy food. By examining these, we can find out the 

consumption pattern from unhealthy food to healthy food by changing relative prices, and then 

we aim at promoting purchasing healthy foods and contributing to reduce the numbers of 

patients suffering from life style related diseases by using economic policies. 

In this study, we prepared two different situations to verify whether or not consumers’ 

purchasing behaviors are different. One situation is ordering beef steak at a restaurant and 

another one is buying vegetable juice at a convenience store. Beef steak and vegetable juice 

were finally selected as the products being examined based on three considerations: (1) the 

products should be those everyone knows; (2) the products should let respondents easily 

imagine the situations; and (3) the products should be easily defined as healthy food and 

unhealthy food by the nutrition facts such as calorie, fat, and salt. A questionnaire survey 

including a hypothetical choice experiment was conducted at Hiroshima City University in 

2015. In order to take respondents’ heterogeneity into account, both the Multinomial Logit 

(MNL) model and Random Parameter Logit (RPL) model are applied into the empirical 

analysis.  

The rest of this paper is organized as follows. Section 2 introduces the model specification 

of the MNL and RPL models. Survey issues are described in Section 3, and results are reported 
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in Section 4. Section 5 provides a discussion on the results. Finally, the last section draws a 

conclusion 

 

 

2. Model specification 

2.1 Random utility model 

According to Shen and Saijo (2009), choice model is based on random utility theory. The 

basic assumption embodied in the random utility approach to choice modeling is that decision 

makers tend to act as utility maximizers, i.e., given a set of alternatives the decision maker will 

choose the alternative that maximizes her utility (Shen, 2006). The utility of an alternative for 

an individual (U) is modeled as the sum of a deterministic component (V) and a random error 

term (𝜖). Formally, individual q’s utility of alternative i can be expressed as: 

 

Uiq  = Viq   + 𝜖iq                                 (1) 

 

Then, the probability that individual q chooses alternative i from a particular set J that 

comprises j alternatives can be written as: 

 

Piq =  P(Uiq > Ujq;  ∀ 𝑗(≠ 𝑖) ∈ 𝐽 =  P(𝜖𝑗𝑞 <  𝜖𝑖𝑞 +  𝑉𝑖𝑞 − 𝑉𝑗𝑞 ;  ∀ 𝑗(≠ 𝑖) ∈ 𝐽   )    (2) 

   

Converting the random utility model into a choice model requires certain assumption 

about the joint distribution of the vector of random error terms. If the random error terms are 

assumed to follow the type I extreme value (EV1) distribution and be independently and 

identically distributed (IID) across alternatives and cases (or observations), the Multinomial (or 

sometime called Conditional) Logit (MNL) model (McFadden, 1974) is obtained. In the MNL 

model, the choice probability in Equation (2) is expressed as: 

 Piq =
exp(𝑉𝑖𝑞)

∑ exp(𝑉𝑗𝑞)
𝐽
𝑗=1

                                     (3) 

 

Then, assuming that the deterministic component of utility is linear and additive in parameters, 

𝑉𝑖𝑞 =  𝛽′𝑋𝑖𝑞, the probability in Equation (3) can be given as: 

Piq =
exp(β′𝑋𝑖𝑞)

∑ exp(𝛽′𝑋𝑗𝑞)
𝐽
𝑗=1

                                 (4) 

 

where 𝑋𝑖𝑞 are explanatory variables of 𝑉𝑖𝑞, normally including alternative specific constants 

(ASCs), the attributes of the alternative i and the social-economic characteristics of the 

individual q, and β′ is the parameter vector associated with the matrix 𝑋𝑖𝑞. It is well known 

that heterogeneity among individuals is extremely difficult to examine in the MNL model 
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(Louviere et al, 2000; Shen, 2006). This limitation could be relaxed, to some extent, by 

interaction terms between individual-specific characteristics and various choices. However, 

there is a limit in this method, because it requires a priori selection of key individual 

characteristics and attributes and involves merely a limited selection of individual-specific 

variables (Boxall and Adamowicz, 2002).  

 

2.2 Random parameter logit model 

The Random Parameter Logit (RPL) model (or mixed logit model) is a very flexible 

model which can approximate any random utility model with different distribution of random 

parameters (McFadden and Train, 2000). Compared to the standard MNL model, the RPL 

model overcomes the taste variation issues and does not exhibit the independence of irrelevant 

alternatives (IIA) property. Thus, the RPL model can capture individual preference clearly. 

    In the RPL model, Equation (4) can be expressed as:  

        Piq = ∫
exp(β′𝑋𝑖𝑞)

∑ exp(𝛽′𝑋𝑗𝑞)
𝐽
𝑗=1

𝑓(𝛽|𝜃)𝑑𝛽                    (5) 

where f (β|θ) is the density function of β with θ referring to a vector of parameters of that 

density function (e.g., mean and standard deviation). By using the RPL model, β can capture 

observation-specific variations of the effect of X on outcome probabilities with the density 

function f (β|θ). In RPL models, some elements of the parameter vector β can be assumed to be 

fixed and some can be assumed to be random. However, it’s necessary to make a prior 

assumption about the distribution of random parameters in RPL model. Normal distribution, 

log-normal distribution, triangular distribution, and uniform distribution are often used in the 

literature. 

 

 

3. Survey issue and variables 

3.1 Data collection 

The survey was conducted twice at the beginning of July 2015 and at the middle of 

October 2015 at Hiroshima City University, Japan. All the respondents are undergraduate 

students at Hiroshima City University. In total, 211 students participated in the survey. The 

average time for answering the questionnaire was approximately 15 minutes.  

 The questionnaire consists of three parts. The first part includes a number of questions to 

reveal the respondents’ preference of foods and awareness of health; the second part is for the 

choice experiment questions, which will be introduced in the next subsection; and the third part 

asks respondent’s socioeconomic characteristics such as gender, cooking behavior, smoking 

behavior, number of people staying together, food budget, and drinking behavior. The 

summary of the socioeconomic characteristics for the sample is provided in Table 1, and 

respondents’ preference of foods and awareness of health are summarized in Tables 2 and 3, 
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respectively. 

 

Table 1. Respondents’ socioeconomic characteristics 

Characteristics n % Characteristics n % 

Gender 
  

Drinking alcohol 
  

Male 73 34.6   No  150 71.1 

Female 138 65.4 Yes 59 28 

Cooking behavior 
  

1time per week 42 19.9 

Not by myself 58 27.5 2 times per week 10 4.7 

By myself 153 72.5 3 times per week 0 0 

1 time per a week 21 10 4 times per week 3 1.4 

2 times per a week 19 9 5 times per week 2 0.9 

3 times per a week  23 10.9 6 times per week 2 0.9 

4 times per a week 11 5.2 Other 2 0.9 

5 times per a week 26 12.3 People living together 
  

6 times per a week 17 8.1 alone  98 46.4 

7 times per a week 31 14.7 With 1 person  11 5.2 

Other 5 2.4 With 2 persons  32 15.2 

Smoking behavior 
  

With 3 persons 44 20.9 

   No 204 96.7 With 4 persons 14 6.6 

   Yes 7 3.3 With over 5 persons 12 5.7 

5 per day  2 0.9 The money spending to their living expenses 

7 per day  1 0.5 below 49999 JP yen 6 2.843602 

8 per day  1 0.5 50000-99999 JP yen 140 66.35071 

10 per day  2 0.9 100000-149999 JP yen 56 26.54028 

20 per day  1 0.5 150000-199999 JP yen 4 1.895735 

From their parent’s house 
  

over 200000 JP yen 3 1.42 

  Yes  107 50.7 missing value 2 0.95 

  No  104 49.3 Total  211 100 

Food budget per month 
     

Below 10000 JP yen 63 29.9 
   

10000-19999 JP yen 83 39.3 
   

20000-29999 JP yen 44 20.9 
   

30000-39999 JP yen 17 8.1 
   

40000-49999 JP yen 4 1.9 
   

Above 50000 JP yen 0 0 
   

Total  211 100       
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From Table 1, the male–female ratio is 34.6% versus 65.4% in the sample. The ratio of 

cooking by oneself versus not cooking is 72.5% versus 27.5%, and cooking every day is the 

most among the respondents who cook by themselves. Only 3.3% of the respondents smoke 

and 46.4% of the respondents stay alone. Regarding the food budget per month, 39.3% of 

students spend 10000-19999 Japanese Yen on buying foods, and only 10% of students spend 

above 30000 Japanese Yen on it. Majority of the respondents (71.1%) do not drink alcohol.  

 

 

Table 2. Respondents’ preference of foods 

Characteristics n % Characteristics n % 

Taste of beef steak   Taste of vegetable juice   

I think delicious beef steak is   I think delicious vegetable juice is   

Soft texture 189 89.6 Sweet taste 166 78.7 

Hard texture 9 4.3 Bitter taste 5 2.4 

Neither 13 6.2 Neither 40 19.0 

Healthy food   Healthy juice   

I think healthy food should be   I think healthy juice should be   

High calorie 7 3.3 100% pure fruit juice 186 88.2 

Low calorie 134 63.5 0% fruit juice 0 0.0 

Neither 70 33.2 Neither 25 11.8 

I think healthy food should be   I think healthy juice should contain   

High fat 6 2.8 High dietary fiber 182 86.3 

Low fat 176 83.4 Low dietary fiber 0 0.0 

Neither 29 13.7 Neither 29 13.7 

I think healthy food should be      

High salt 1 0.5    

Low salt 197 93.4    

Neither 13 6.2    

Total  211 100 Total  211 100 

 

 

 From Table 2, the respondents who preferred soft texture beef steaks account for 89.6% of 

all, who preferred hard texture beef steak account for 4.3% of all, and did not prefer either 

account for 6.2% of all. The respondents who preferred sweet taste vegetable juice account 

for 78.7% of all, who preferred bitter taste vegetable juice account for 2.4% of all, and who did 

not prefer either account for 19.7% of all. The respondents who were aware of high calorie 

foods being healthy account for 3.3% of all, who were aware of low calorie foods being 

healthy account for 63.5% of all, and who were aware of neither account for 33.2% of all. The 
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respondents who were aware of high fat foods being healthy account for 2.8% of all, who were 

aware of low fat foods being healthy account for 83.4% of all, and who were aware of neither 

account for 13.7% of all. The respondents who were aware of high salt foods being healthy 

account for 0.5% of all, who were aware of low salt foods being healthy account for 93.4% of 

all, and who were aware of neither account for % of all. The respondents who were aware of 

that healthy juice should be 100% fruit juice account for 88.2% of all, who were aware of that 

healthy juice should be 0% fruit juice account for 0.0% of all, and who were aware of neither 

account for 11.8% of all. The respondents who were aware of that healthy juice should contain 

high dietary fiber account for 86.3% of all, who were aware of hat healthy juice should contain 

low dietary fiber account for 0.0% of all, and who were aware of neither account for 13.7% of 

all. 

 

 

Table 3. Respondents’ awareness of health 

 How much do you consider your health?  How much do you consider nutrition facts? 

 not at all          →      very much  not at all            →       very much 

 1 2 3 4 5  1 2 3 4 5 

n 3 33 79 86 10  30 56 72 46 7 

% 1.4 15.6 37.4 40.8 4.7  14.2 26.5 34.1 21.8 3.3 

 

 

As shown in Table 3, those respondents who considered their health very much account 

for 4.7% of all, and who considered their health somehow account for 40.8% of all. In contrast, 

the respondents who did not consider their health at all account for 1.4% of all, and who did 

not consider their health somehow account for 15.6% of all. The remained 37.4% respondents 

are those who did not care about their health. On the other hand, the respondents who 

considered nutrition facts very much when they buy foodstuffs account for 3.3% of all, and 

who considered nutrition facts somehow account for 21.8% of all. The respondents who did 

not consider nutrition facts at all when they buy foodstuffs account for 14.2% of all, and who 

did not consider nutrition facts somehow account for 26.5% of all. The remained 34.1% 

respondents are those who did not care about nutrition facts when they buy foodstuffs. 

 

3.2 Choice experiment design 

In this study, two different kinds of situations (i.e., eating out at a restaurant and buying 

foodstuffs at a convenience store) were considered. Beef steak and vegetable juice were finally 

selected as the products being examined based on three considerations: (1) the products should 

be those everyone knows; (2) the products should let respondents easily imagine the situations; 

and (3) the products should be easily defined as healthy food and unhealthy food by the 
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nutrition facts such as calorie, fat, and salt. 

In the choice experiment, a number of attributes and assigned levels were used to generate 

hypothetical choice scenarios. The attributes and their levels included in each scenario for both 

products are summarized in Table 4. We presented four alternatives and fixed the attributes of 

nutrition labeling (i.e., calorie, fat, and salt in beef steak; fruit juice and dietary fiber in 

vegetable juice) with each alternative. In the case of beef steak, alternative A indicates the 

highest calorie, highest fat and highest salt among the four alternatives and it’s as to go 

alternative B, alternative C, and alternative D, to be lower calorie, fat, and salt. In the same 

way as it, in the case of vegetable juice, alternative A indicates 100% pure fruit juice and 

include the highest dietary fiber among the four alternatives and it’s as to go alternative B, 

alternative C, and alternative D, to contain fruit and dietary fiber less. In other words, in the 

case of beef steak, alternatives A, B, C, and D indicate the order from the unhealthiest steak to 

the healthiest steak, while in the case of vegetable juice, alternatives A, B, C, and D denote the 

order from the healthiest juice to the unhealthiest juice.
1
 

The other two attributes for beef steak and vegetable juice are taste and price. These two 

attributes with four levels each were allowed to vary among each alternative. Levels of price 

were determined by the minimum, mean, and maximum prices of the current market data 

obtained from the web sites. 

A D-optimal design was performed to generate 36 choice sets for beef steak and 36 choice 

sets for vegetable juice. Then, these choice sets were randomly divided into 6 versions, each 

version contained 6 choice sets for beef steak and 6 choice sets for vegetable juice. Each 

respondent was asked to answer one version. An example of the questionnaire for one version 

is provided in Appendix 1. 

 

 

  

                                                   
1
 Although it is clear from the choice sets that alternatives A, B, C, and D represent different healthy 

levels, we still applied these unlabeled names sin order to avoid possible anchoring effects from the 

labels such as healthy beef steak, unhealthy beef steak, healthy vegetable juice, unhealthy vegetable 

juice. In addition, it is also considered that respondents might have different awareness of healthy food. 

Therefore, food considered as healthy by us might not be considered as the same by respondents. 
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Table 4. The attributes and their levels 

Attributes Products Levels of attributes  

    Alternative A Alternative B Alternative C  Alternative D 

Taste 

Beef steak (150g) 
soft/ somewhat soft/ 

somewhat hard/ hard 

soft/ somewhat soft/ 

somewhat hard/ hard 

soft/ somewhat soft/ 

somewhat hard/ hard 

soft/ somewhat soft/ 

somewhat hard/ hard 

Vegetable juice(200ml) 
sweet/ somewhat sweet/ 

somewhat better/ bitter 

sweet/ somewhat sweet/ 

somewhat better/ bitter 

sweet/ somewhat sweet/ 

somewhat better/ bitter 

sweet/ somewhat sweet/ 

somewhat better/ bitter 

Calorie (kcal) Beef steak(150g) 500 400 300 200 

Fat (%) Beef steak(150g) 60 50 40 30 

Salt (%) Beef steak(150g) 6 5.5 5 4.5 

Fruit juice (%) Vegetable juice(200ml) 100 70 35 0 

Dietary fiber (%) Vegetable juice(200ml) 10.0 7.0 4.0 1.0 

Price (JPY) Beef steak(150g) 2100/1600/1100/600 2100/1600/1100/600 2100/1600/1100/600 2100/1600/1100/600 

  Vegetable juice(200ml) 150/120/90/60 150/120/90/610 150/120/90/60 150/120/90/60 
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3.3 Independent variables 

In this study, the Random Parameter Logit model and Multinomial Logit model are used to 

estimate. The form of indirect utility function is as follows. 

 

V= β0ALTA_P +β1ALTB_P +β2ALTC_P +β3ALTD_P +β4ALTA_T1 +β5ALTA_T2 

+β6ALTA_T3 +β7ALTB_T1 +β8ALTB_T2 +β9ALTB_T3 +β10ALTC_T1 +β11ALTC_T2 

+β12ALTC_T3 +β13ALTD_T1 +β14ALTD_T2 +β15ALTD_T3 +β16ALTA_HEALTH 

+β17ALTB_HEALTH +β18ALTC_HEALTH +β19ALTA_NUTRITION 

+β20ALTB_NUTRITION +β21ALTC_NUTRITION +β22ALTA_MALE +β23ALTB_MALE 

+β24ALTC_MALE +β25ALTA_LIVING +β26ALTB_LIVING +β27ALTC_LIVING  

 

where ALTA_P, ALTB_P, ALTC_P, and ALTD_P are the interaction terms of alternative-specific 

constants of A, B, C, and D with price, respectively. ALTA_T1, ALTA_T2, and ALTA_T3 are the 

interaction terms of alternative A with three dummy variables of taste (i.e., soft, somewhat soft, 

and somewhat hard for beef steak, and sweet, somewhat sweet, and somewhat bitter for 

vegetable juice). Similarly, ALTB_T1, ALTB_T2, ALTB_T3, ALTC_T1, ALTC_T2, ALTC_T3, 

ALTD_T1, ALTD_T2, and ALTD_T3 are defined as the interaction terms of alternatives B, C, 

and D with three dummy variables of taste. In addition, ALTA_HEALTH, ALTB_HEALTH, and 

ALTC_HEALTH are the interaction terms of alternatives A, B, and C with the variable of health 

that indicates how much respondents care about their health, ALTA_ NUTRITION, ALTB_ 

NUTRITION, and ALTC_ NUTRITION are the interaction terms of alternatives A, B, and C with 

the variable of nutrition that indicates how much respondents consider nutrition facts when they 

buy foodstuffs, ALTA_ MALE, ALTB_ MALE, and ALTC_ MALE are the interaction terms of 

alternatives A, B, and C with the dummy variable of male respondents, and ALTA_ LIVING, 

ALTB_ LIVING, and ALTC_ LIVING are the interaction terms of alternatives A, B, and C with 

the dummy variable of living with their family. 

Given the above variables defined, β0, β1, β2, and β3 estimate the changes in respondent’s 

utility when respondents choose alternative A (respectively, alternative B, alternative C, and 

alternative D) when the price changes. β4, β7, β10, and β13 capture the respondent’s utility 

changes when respondents choose alternative A (respectively, alternative B, alternative C, and 

alternative D) with taste1 which is soft texture in the case of beef steak and sweet in the case of 

vegetable juice. Similarly, β5, β8, β11, and β14 estimate the respondent’s utility changes when 

respondents choose alternative A (respectively, alternative B, alternative C, and alternative D) 

with taste2 which is somewhat soft texture in the case of beef steak and somewhat sweet in the 

case of vegetable juice, and β6, β9, β12, and β15 capture the changes in the respondent’s utility 

when respondents choose alternative A (respectively, alternative B, alternative C, and alternative 

D) with taste3 which is somewhat hard texture in the case of beef steak and somewhat bitter in 

the case of vegetable juice. In addition, β16, β17, and β18 estimate the changes in the 
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respondent’s utility when they choose alternative A (respectively, alternative B and alternative 

C) when the health conscious of the respondents varies, and β19, β20, and β21 capture the 

respondent’s utility changes when they choose alternative A (respectively, alternative B and 

alternative C) when the emphasis level for nutrition fact of the respondents changes. β22, β23, 

and β24 estimate the changes in male respondent’s utility when they choose alternatives A, B, 

and C, respectively. β25, β26, and β27 capture the respondent’s utility changes when those who 

are living with their family choose alternatives A, B, and C, respectively. 

 

 

4. Results 

4.1 Results of the beef steak 

4.1.1 Estimation results  

Table 5 provides estimated results of both the MNL and RPL models for beef steak. The 

results presented were estimated by using NLOGIT 5.0, a specialist discrete modeling package 

in LIMDEP (Econometric Software, Inc.). The AIC values and Pseudo R-squared in the MNL 

model are improved by using the RPL model, suggesting that the RPL model is more favorable. 

Total observation is 1266, which equals to the number of respondents (i.e., 211) multiplies the 

number of choice sets each respondent answered (i.e., 6). 

In the RPL model, all the interaction terms of alternative-specific constants with price and 

taste were assumed to have random parameters that follow a normal distribution. The mean 

parameters of ALTA_P, ALTB_P, ALTC_P, and ALTD_P were estimated to be negative and 

statistically significant, which implies that respondents’ utilities decrease when the prices 

increase. The mean parameters of ALTA_T1, ALTA_T2, ALTA_T3, ALTB_T1, ALTB_T2, 

ALTB_T3, ALTC_T1, ALTC_T2, ALTC_T3, ALTD_T1, ALTD_T2, and ALTD_T3 were estimated 

to be positively significant, suggesting that compared to the hard texture beef steak, less hard 

steaks are preferred by the respondents, no matter whether the steak is healthy or not. 

ALTA_HEALTH and ALTB_HEALTH are negatively significant and ALTC_HEALTH is not 

significant. This result implies that respondents who have higher health consciousness prefer the 

alternatives C and D (i.e., somewhat healthy steak and the healthiest steak). ALTA_NUTRITION 

is not significant and ALTB_NUTRITION and ALTC_NUTRITION are positively significant, 

suggesting that respondents who care about nutrition fact the most dislike the alternatives A and 

D (i.e., the unhealthiest steak and the healthiest steak). The results of ALTA_MALE and 

ALTB_MALE being positively significant and ALTC_MALE being insignificant provide the 

evidence that male respondents seem prefer unhealthy steak more than females. Finally, 

ALTA_LIVING, ALTB_LIVING, and ALTC_LIVING are not statistically significant. 
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Table 5. MNL and RPL results for beef steak   

Independent 

Variables 

MNL model 
 

RPL model 

Coefficient S.E.   Coefficient S.E. S.D. S.E. 

ALTA_P -0.00119*** 0.00016 
 

-0.00191*** 0.00028 .00073*** 0.00016 

ALTB_P -0.00150*** 0.00016 
 

-0.00197*** 0.00024 0.00013 0.0002 

ALTC_P -0.00132*** 0.00014 
 

-0.00154*** 0.00018 0.00014 0.00015 

ALTD_P -0.00132*** 0.00014 
 

-0.00176*** 0.0002 0.00029* 0.00017 

ALTA_T1 2.58100*** 0.31477 
 

3.01601*** 0.42202 0.99523** 0.49931 

ALTA_T2 2.32667*** 0.31555 
 

2.72045*** 0.404 0.55123 0.5776 

ALTA_T3 1.19367*** 0.33222 
 

1.06586* 0.55732 1.54471** 0.6378 

ALTB_T1 3.18318*** 0.30561 
 

3.71692*** 0.42208 1.42241*** 0.33856 

ALTB_T2 3.27376*** 0.31087 
 

3.88980*** 0.44969 2.27264*** 0.46622 

ALTB_T3 1.46616*** 0.32451 
 

1.54874*** 0.48196 1.12005* 0.65691 

ALTC_T1 3.09493*** 0.22834 
 

3.75957*** 0.34352 1.31176*** 0.46502 

ALTC_T2 2.22546*** 0.22959 
 

2.54882*** 0.27173 0.15178 0.32602 

ALTC_T3 1.29658*** 0.22606 
 

1.31953*** 0.27204 0.451 0.47609 

ALTD_T1 3.37063*** 0.30105 
 

3.86059*** 0.39468 1.48492*** 0.38454 

ALTD_T2 3.03329*** 0.3039 
 

3.36369*** 0.35575 0.0409 0.39864 

ALTD_T3 1.90510*** 0.31112 
 

2.12985*** 0.37062 0.42684 0.62779 

ALTA_HEALTH -0.26997** 0.1254 
 

-0.40820** 0.18187   

ALTB_HEALTH -0.26356** 0.11739 
 

-0.41916** 0.16687   

ALTC_HEALTH -0.09163 0.11046 
 

-0.18082 0.13898   

ALTA_NUTRITION 0.07736 0.11517 
 

0.10178 0.1657   

ALTB_NUTRITION 0.26510** 0.10503 
 

0.36091** 0.15691   

ALTC_NUTRITION 0.32027*** 0.1001 
 

0.36429*** 0.12718   

ALTA_MALE 0.92064*** 0.2162 
 

1.25835*** 0.31379   

ALTB_MALE 0.57697*** 0.20474 
 

0.64680** 0.2956   

ALTC_MALE 0.29071 0.19472 
 

0.31483 0.2472   

ALTA_LIVING 0.02708 0.2057 
 

0.22499 0.30368   

ALTB_LIVING 0.08571 0.1886 
 

0.06623 0.27129   

ALTC_LIVING 0.17806 0.17737 
 

0.16778 0.22027   

Observations  1266 
  

1266 
 

  

AIC 2436 
  

2395 
 

  

AIC/N 1.924 
  

1.892 
 

  

Pseudo R-squared  0.2997     0.3428     

* p < 0.10, ** p < 0.05, *** p < 0.01. S.D. denotes standard deviation of the random parameters in the RPL model. S.E. 

denotes standard error. 
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4.1.2 Price elasticity of demand 

Table 6 presents the price elasticity of demand results for beef steak. The price elasticity of 

demand here refers to the percentage change in the choice probability of an alternative relative 

to one percent of change in the price. The first line of Table 6 indicates the percentage changes 

in choosing each alternative when the price of alternative A changes one percent. For example, 

the when the price of alternative A increases one percent, the choice probability of alternative A 

will decrease 1.3129 percent, while the choice probabilities of alternatives B, C, and D will 

increase 0.1936 percent, 0.2363 percent, and 0.2298 percent, respectively. Similarly, the second, 

third, and fourth lines present the percentage changes in choosing each alternative when the 

prices of alternatives B, C, and D change one percent, respectively. All the results presented are 

in consistent to economic theory because all the self-price elasticities are negative and all the 

cross price elasticities are positive. In addition, the self-price elasticities do not vary too much 

among the four steaks, but the cross price elasticities are relatively larger in the healthier steaks 

than in the unhealthier steaks. 

 

Table 6. Price elasticity of demand for beef steak 

  Alternative A Alternative B Alternative C Alternative D 

ALTA_P -1.3129 0.1936 0.2363 0.2298 

ALTB_P 0.3765 -1.7281 0.4154 0.3989 

ALTC_P 0.506 0.4895 -1.2525 0.5561 

ALTD_P 0.4677 0.4267 0.5127 -1.5932 

 

Table 7. Willingness to pay for taste of beef steak (Japanese yen) 

  Mean WTP Increasing ratio 

Alternative A: unhealthiest Soft 1563.679 7% 

 Somewhat soft 1459.227 435% 

 Somewhat hard 272.5286  

Alternative B: somewhat unhealthy Soft 1891.383 -1% 

 Somewhat soft 1916.686 144% 

 Somewhat hard 785.9935  

Alternative C: somewhat healthy Soft 2442.95 46% 

 Somewhat soft 1674.864 93% 

 Somewhat hard 867.8953  

Alternative D: healthiest Soft 2242.618 14% 

 Somewhat soft 1971.927 58% 

 Somewhat hard 1251.995  
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4.1.3 Willingness to pay values 

Based on the RPL estimates, individual willingness to pay (WTP) for different levels of 

tastes of beef steak can be obtained. Table 7 provides the results of mean WTP and increasing 

ratio. The increasing ratio of mean WTP from “somewhat soft” to “soft” is calculated by first 

subtracting the mean WTP of “somewhat soft” from the mean WTP of “soft” and then dividing 

it by the mean WTP of “somewhat soft”. The increasing ratio of mean WTP from “somewhat 

hard” to “somewhat soft” is similarly calculated. As shown in the table, almost in all the 

alternatives, the mean WTPs for the soft texture beef steak are the highest, followed by those for 

the somewhat soft texture. The increasing ratios of mean WTP from “somewhat hard” to 

“somewhat soft” are higher than those from “somewhat soft” to “soft” in all the alternatives. In 

addition, it should be noted that the mean WTP for somewhat hard texture increases as the beef 

steak being from the unhealthiest to the healthiest. This result implies that even the taste is not 

good, people are willing to pay more for receiving healthier steak. 

 

4.2 Results of the vegetable juice 

4.2.1 Estimation results  

Table 8 presents the results of both the MNL and RPL models for vegetable juice. Again, 

the AIC values and Pseudo R-squared in the MNL model are improved by using the RPL model, 

suggesting that the RPL model is more favorable. 

In the RPL model, similar to the case of beef steak, the mean parameters of ALTA_P, 

ALTB_P, ALTC_P, and ALTD_P were estimated to be negative and statistically significant, 

which implies that respondents’ utilities decrease when the prices increase. The mean 

parameters of ALTA_T1, ALTA_T2, ALTA_T3, ALTB_T1, ALTB_T2, ALTC_T1, ALTC_T2, 

ALTC_T3, ALTD_T1, ALTD_T2, and ALTD_T3 were estimated to be positively significant, 

suggesting that compared to the bitter vegetable juice, less bitter juices are preferred by the 

respondents, no matter whether the juice is healthy or not. ALTA_HEALTH is positively 

significant and ALTB_HEALTH and ALTC_HEALTH are not significant. This result implies that 

respondents who have higher health consciousness prefer the alternative A (i.e., the healthiest 

juice).
2
 With regard to considerations of nutrition facts, only ALTB_NUTRITION is positively 

significant, which suggests that respondents who care about nutrition facts prefer somewhat 

healthy juice (i.e., alternative B). The results of ALTA_MALE being negatively significant and 

ALTB_MALE and ALTC_MALE being insignificant provide the evidence that male respondents 

seem do not prefer the healthiest vegetable juice. Finally, ALTA_LIVING, ALTB_LIVING are 

negatively significant and ALTC_LIVING is not significant. This result suggests that 

respondents who live with their family seem not favor for healthy and somewhat healthy 

                                                   
2 Recalling that different from the case of beef steak that alternatives A, B, C, and D display the order 

from the unhealthiest to the healthiest, in the case of vegetable juice, alternatives A, B, C, and D display 

the order from the healthiest to the unhealthiest. 
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vegetable juices. 

Table 8. MNL and RPL results for vegetable juice   

Independent 

Variables 

MNL model 
 

RPL model 

Coefficient S.E.   Coefficient S.E. S.D. S.E. 

ALTA_P -0.01454*** 0.00205 
 

-0.02183*** 0.0034 0.01672*** 0.00216 

ALTB_P -0.01402*** 0.00243 
 

-0.01830*** 0.0034 0.00129 0.00302 

ALTC_P -0.00683*** 0.00257 
 

-0.00854** 0.00346 0.00128 0.00226 

ALTD_P -0.02646*** 0.00482 
 

-0.03476*** 0.0072 0.00554 0.00387 

ALTA_T1 3.33444*** 0.22805 
 

5.27156*** 0.50367 2.12294*** 0.41772 

ALTA_T2 3.19439*** 0.21642 
 

4.82876*** 0.44105 1.17659*** 0.44892 

ALTA_T3 1.28983*** 0.21517 
 

1.63408*** 0.29258 0.19949 0.46297 

ALTB_T1 3.27736*** 0.28407 
 

4.23185*** 0.40712 1.13509*** 0.38162 

ALTB_T2 2.99947*** 0.29661 
 

3.98875*** 0.41828 0.85058* 0.47089 

ALTB_T3 0.95621*** 0.32384 
 

0.81057 0.736 1.63675** 0.82826 

ALTC_T1 2.16913*** 0.33203 
 

2.48707*** 0.43609 0.95273** 0.47648 

ALTC_T2 2.74247*** 0.34232 
 

3.18604*** 0.4469 0.98989** 0.43161 

ALTC_T3 1.32508*** 0.35646 
 

1.41576*** 0.49726 0.74638 0.59806 

ALTD_T1 3.61108*** 0.59289 
 

4.70693*** 0.90073 0.76183 0.49556 

ALTD_T2 2.99804*** 0.63214 
 

3.09622** 1.20551 1.91889** 0.8511 

ALTD_T3 2.45586*** 0.62292 
 

2.96203*** 0.95667 1.23413* 0.73605 

ALTA_HEALTH 0.35914** 0.17153 
 

0.88348*** 0.27966   

ALTB_HEALTH 0.12044 0.1809 
 

0.27691 0.24946   

ALTC_HEALTH -0.05109 0.18577 
 

0.12314 0.25716   

ALTA_NUTRITION 0.50687*** 0.15959 
 

0.38044 0.24304   

ALTB_NUTRITION 0.42575** 0.1679 
 

0.46856** 0.22382   

ALTC_NUTRITION 0.13532 0.17296 
 

0.08729 0.22651   

ALTA_MALE -0.28499 0.28868 
 

-0.78716* 0.44368   

ALTB_MALE -0.36641 0.30455 
 

-0.50814 0.4041   

ALTC_MALE -0.22907 0.31335 
 

-0.44295 0.41508   

ALTA_LIVING -0.56629** 0.28577 
 

-1.24680*** 0.44058   

ALTB_LIVING -0.53505* 0.30043 
 

-0.91632** 0.41745   

ALTC_LIVING -0.10809 0.30858 
 

-0.23664 0.41483   

Observations  1266 
  

1266 
 

  

AIC 2025.5 
  

1946.3 
 

  

AIC/N 1.601 
  

1.539 
 

  

Pseudo R-squared  0.2863     0.4702     

* p < 0.10, ** p < 0.05, *** p < 0.01. S.D. denotes standard deviation of the random parameters in the RPL model. S.E. 
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denotes standard error. 

 

 

4.2.2 Price elasticity of demand 

Table 9 presents the price elasticity of demand results for vegetable juice. Similar to the 

case of beef steak, all the results presented are again in consistent to economic theory because 

all the self-price elasticities are negative and all the cross price elasticities are positive. In 

addition, it should be noted that the self-price elasticity is the smallest for the healthiest juice 

and the largest for the unhealthiest juice, and the cross elasticities are, as in the case of beef 

steak, also relatively larger in the healthier juices than in the unhealthier juices. 

 

 

Table 9. Price elasticity of demand for vegetable juice 

  Alternative A Alternative B Alternative C Alternative D 

ALTA_P -0.4468 0.92 1.0138 1.0112 

ALTB_P 0.2764 -1.1481 0.5259 0.524 

ALTC_P 0.0744 0.1331 -0.6417 0.1412 

ALTD_P 0.0906 0.1814 0.198 -2.9495 

 

 

Table 10. Willingness to pay for taste of vegetable juice (Japanese yen) 

  Mean WTP Increasing ratio 

Alternative A: healthiest Sweet 111.4465 -15% 

 Somewhat sweet 130.7415 254% 

 Somewhat bitter 36.9676  

Alternative B: somewhat healthy Sweet 233.8021 7% 

 Somewhat sweet 217.9874 401% 

 Somewhat bitter 43.50384  

Alternative C: somewhat unhealthy Sweet 295.2792 -23% 

 Somewhat sweet 382.9747 127% 

 Somewhat bitter 168.8599  

Alternative D: unhealthiest Sweet 138.7307 51% 

 Somewhat sweet 91.63687 3% 

 Somewhat bitter 89.15669  

 

 

4.2.3 Willingness to pay values 

    Based on the RPL estimates, individual willingness to pay (WTP) for different levels of 
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tastes of vegetable juice can be obtained. Table 10 provides the results of mean WTP and 

increasing ratio. As shown in the table, for the “somewhat healthy” and “somewhat unhealthy” 

vegetable juice (i.e., alternatives B and C), the mean WTPs for the sweet and somewhat sweet 

juices are larger than those for the healthiest and unhealthiest juices. This result might reflect the 

fact that there are rooms for improvement in the juices with the middle-level of health such as B 

and C. In addition, the increasing ratios of mean WTP from “somewhat bitter” to “somewhat 

sweet” are higher than those from “somewhat sweet” to “sweet” in all the alternatives except D.  

 

 

5. Discussion 

    Another two supplementary models were also estimated for robustness check. In the first 

supplementary model, data of respondents who like a hard texture beef steak and regard food 

with high calorie or high fat or high salt as healthy was dropped; and in the second 

supplementary model, based on the first model data of male respondents was further dropped. 

Results of these two models are presented in Appendixes 2 – 5. There are no significant 

differences in either parameters’ significances or parameters’ signs between the results of these 

two models and the main model presented in the previous section. 

    Regarding to the price elasticities of demand, we found that, in the case of beef steak the 

self-price elasticities do not vary too much among the four steaks, but in the case of vegetable 

juice the self-price elasticities are the smallest for the healthiest juice and the largest for the 

unhealthiest juice. The result for the juice is consistent with that of Juhl and Jensen (2014), 

which suggests that the reaction for price decreases is stronger for unhealthy products than for 

healthy products. In addition, the result that reactions for price change are different between the 

case of beef steak and the case of vegetable juice suggests that people might react differently 

according to the different situations. Recalling that the case of beef steak refers to a situation of 

eating out, and the case of vegetable juice refers to a situation of purchasing foods at a retail 

store, it seems that people are sensitive to the price change when they make usual consumptions 

such as purchasing food at a retail store, but are insensitive to the price change when they make 

unusual consumptions such as eating out at a restaurant.
 3

  

    In addition, the results obtained from the willingness to pay values suggest that even the 

taste is not good, people are willing to pay more for receiving healthier beef steak, while this 

evidence was not found in the case of vegetable juice. The different tendency for willingness to 

pay values between the case of beef steak and the case of vegetable juice again suggests that 

consumers value taste of food differently according to different situations. 

 

 

                                                   
3
 Similar to vegetable juice used in this paper, the product used in Juhl and Jensen (2014) is yoghurt, 

which is also sold at a retail store. 
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6. Conclusion 

This study attempts to find out the effect of healthy food awareness and taste to price 

sensitivity. To explore it, we focus on two points. The first one is to examine the price elasticity 

of demand of healthy and unhealthy food, and the second one is to examine the price sensitivity 

when people are aware of taste and health. For these two points, we conducted a choice 

experiment questionnaire survey for 211 university students in Hiroshima City University 

analyzed the data by using the Random Parameter Logit model.  

For the first point, we found that, in the case of beef steak the self-price elasticities do not 

vary too much among the four steaks, but in the case of vegetable juice the self-price elasticities 

are the smallest for the healthiest juice and the largest for the unhealthiest juice. 

For the second point, we found that even the taste is not good, people are willing to pay 

more for receiving healthier beef steak, while this evidence was not found in the case of 

vegetable juice. 

Finally, one limitation of this study should be mentioned. Some other socio-demographic 

variables such as age, education level, and household income are considered to also have 

possible impacts on the price sensitivity of foods and should be used in the analysis. However, 

due to limitation of the survey that all the respondents are university undergraduates, these 

variables could not be analyzed. This limitation naturally yields needs for more comprehensive 

studies that have more non-student respondents participate in the survey. 
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Appendix 1. One version of the questionnaire  

 

Questionnaire survey on choice behavior of food 

 

1．Questions regarding foods 

1-1．Which do you think is the most delicious? Please circle your answer. 

A. Beef 

①  Soft-textured beef    ② Hard-textured beef     ③ Neither 

 

B. Vegetable juice 

①  Sweet vegetable juice   ② Bitter vegetable juice       ③ Neither 

 

1-2．How much do you care about your health? Please circle your answer from a scale of 1 – 5. 

（1＝ No concern；5＝ Big concern） 

No at all                           Very much 

1   ・   2   ・   3   ・   4   ・   5 

 

1-3．How much emphasis do you put on nutrition labeling when choosing food? Please circle 

your answer from a scale of 1 – 5. 

（1＝ No concern；5＝ Big concern） 

No at all                           Very much 

1    ・    2   ・     3   ・    4   ・    5 

 

1-4．Please circle your answer which is the most healthy food or drink. 

A. Calorie 

① High calorie   ② Low calorie   ③ Neither 

 

B. Fat 

① High fat     ② Low fat     ③ Neither  

 

C. Salt 

① High salinity   ② Low salinity   ③ Neither 

 

D. Fruit juice percentage 

① Fruit juice 100%  ② Fruit juice 0%   ③ Neither 

 

E. Dietary fiber  

   ① High dietary fiber juice ② Low dietary fiber juice ③ Neither 
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2.  Selection of imaginative food and drink 

2-1.  Question regarding beef steaks that you want to eat. 

The following 6 questions are in table format. You are sitting in the restaurant looking at the 

menu, in which 4 different steaks (150g) are depicted. Please choose only one steak you would 

like to eat. 

 

 

Question 1 
   

（150g） 

 
Beef steak A Beef steak B Beef steak C Beef steak D 

Texture soft somewhat soft hard hard 

Calorie 500kcal 400kcal 300kcal 200kcal 

Fat 60g 50g 40g 30g 

Salt 6.0g 5.5g 5.0g 4.5g 

Price 600yen 1600 yen 2100 yen 1100 yen 

Choose an 

alternative that you 

prefer 

        

 

Question 2 
   

（150g） 

 
Beef steak A Beef steak B Beef steak C Beef steak D 

Texture somewhat soft soft hard somewhat soft 

Calorie 500kcal 400kcal 300kcal 200kcal 

Fat 60g 50g 40g 30g 

Salt 6.0g 5.5g 5.0g 4.5g 

Price 1100 yen 600 yen 1600 yen 600 yen 

Choose an 

alternative that you 

prefer 

        

 

Question 3 
   

（150g） 

 
Beef steak A Beef steak B Beef steak C Beef steak D 

Texture soft somewhat hard somewhat hard somewhat soft 

Calorie 500kcal 400kcal 300kcal 200kcal 

Fat 60g 50g 40g 30g 

Salt 6.0g 5.5g 5.0g 4.5g 

Price 1600 yen 2100 yen 600 yen 2100 yen 
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Choose an 

alternative that you 

prefer 

        

 

Question 4 
   

（150g） 

 
Beef steak A Beef steak B Beef steak C Beef steak D 

Texture Somewhat soft soft hard somewhat hard 

Calorie 500kcal 400kcal 300kcal 200kcal 

Fat 60g 50g 40g 30g 

Salt 6.0g 5.5g 5.0g 4.5g 

Price 2100 yen 1600 yen 600 yen 1600 yen 

Choose an 

alternative that you 

prefer 

        

     
Question 5 

   
（150g） 

 
Beef steak A Beef steak B Beef steak C Beef steak D 

Texture hard somewhat soft soft soft 

Calorie 500kcal 400kcal 300kcal 200kcal 

Fat 60g 50g 40g 30g 

Salt 6.0g 5.5g 5.0g 4.5g 

Price 1600 yen 1100 yen 1100 yen 2100 yen 

Choose an 

alternative that you 

prefer 

        

     
Question 6 

   
（150g） 

 
Beef steak A Beef steak B Beef steak C Beef steak D 

Texture somewhat soft hard Somewhat soft somewhat hard 

Calorie 500kcal 400kcal 300kcal 200kcal 

Fat 60g 50g 40g 30g 

Salt 6.0g 5.5g 5.0g 4.5g 

Price 1600 yen 1100 yen 2100 yen 600 yen 

Choose an 

alternative that you 

prefer 
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2-2．Question regarding vegetable juice that you want to drink. 

 The following 6 questions are in table format. You are looking vegetable juice in the 

convenience store at the juice corner, in which 4 different vegetable juices (200ml). Please 

choose only one juice you would like to eat. 

 

 

Question 1 
   

（200ml） 

 

Vegetable juice 

A 

Vegetable juice 

B 

Vegetable juice 

C 

Vegetable juice 

D 

Taste sweet somewhat sweet bitter bitter 

Fruit juice 100% 70% 35% 0% 

Dietary fiber 10.0g 7.0g 4.0g 1.0g 

Price 60 yen 120 yen 150 yen 90 yen 

Choose an 

alternative that you 

prefer 

        

     

Question 2 
   

 

（200ml） 

 

Vegetable juice 

A 

Vegetable juice 

B 

Vegetable juice 

C 

Vegetable juice 

D 

Taste somewhat sweet sweet bitter somewhat sweet 

Fruit juice 100% 70% 35% 0% 

Dietary fiber 10.0g 7.0g 4.0g 1.0g 

Price 90 yen 60 yen 120 yen 60 yen 

Choose an 

alternative that you 

prefer 

        

     
Question 3 

   
（200ml） 

 

Vegetable juice 

A 

Vegetable juice 

B 

Vegetable juice 

C 

Vegetable juice 

D 

Taste sweet somewhat bitter somewhat bitter somewhat sweet 

Fruit juice 100% 70% 35% 0% 

Dietary fiber 10.0g 7.0g 4.0g 1.0g 

Price 120 yen 150 yen 60 yen 150 yen 
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Choose an 

alternative that you 

prefer 

        

 

Question 4 
   

（200ml） 

 

Vegetable juice 

A 

Vegetable juice 

B 

Vegetable juice 

C 

Vegetable juice 

D 

Taste somewhat sweet sweet bitter somewhat bitter 

Fruit juice 100% 70% 35% 0% 

Dietary fiber 10.0g 7.0g 4.0g 1.0g 

Price 150 yen  120 yen 60 yen 120 yen 

Choose an 

alternative that you 

prefer 

        

     
Question 5 

   
（200ml） 

 

Vegetable juice 

A 

Vegetable juice 

B 

Vegetable juice 

C 

Vegetable juice 

D 

Taste bitter somewhat sweet sweet sweet 

Fruit juice 100% 70% 35% 0% 

Dietary fiber 10.0g 7.0g 4.0g 1.0g 

Price 120 yen 90 yen 90 yen 150 yen 

Choose an 

alternative that you 

prefer 

        

     
Question 6 

   
（200ml） 

 

Vegetable juice 

A 

Vegetable juice 

B 

Vegetable juice 

C 

Vegetable juice 

D 

Taste somewhat bitter bitter somewhat sweet somewhat bitter 

Fruit juice 100% 70% 35% 0% 

Dietary fiber 10.0g 7.0g 4.0g 1.0g 

Price 120 yen 90 yen 150 yen 60 yen 

Choose an 

alternative that you 

prefer 
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3. Question regarding yourself 

3-1．Gender 

 ①Male ②Female 

 

3-2. How many times do you cook per a week? 

Ex:  I cook （ 4 ）times per a week 

 

I cook（  ）times per a week.  

3-3． How often do you smoke per a day? (If you are non-smoker, 0) 

 Ex: I smoke（ 3 ）times per a day. 

  

I smoke（   ）times per a day. 

 

3-4．How many people living with? 

 

 ① alone 

 ② with 1 person 

 ③ with 2 persons 

 ④ with 3 persons 

 ⑤ with 4 persons 

 ⑥ with over 5 persons 

 

3-5.  Do you go to university from your parent’s house? 

 

 ① Yes  ② No 

 

3-6．How much money do you spend to your food budget per a month(Except the money to 

drink alcoholics) 

 ① below 10000 yen  

 ② 10000-19999 yen 

 ③ 20000-29999 yen 

 ④ 30000-39999 yen 

 ⑤ 40000-49999 yen 

 ⑥ above 50000 yen 

 

3-7．How often do you drink alcoholics per a week.（If you are non-drinker, 0） 

Ex: I drink alcoholics（ 3 ）times per a week. 
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I drink alcoholics（  ）times per a week. 

 

3-8．How much money do you spend to your living expenses per a month?（Food budget, 

Entertainment expenses, house rent and heating and lighting expenses, so on） 

 Ex: I spend（ 12 ）ten thousand yen per a month. 

  

I spend（    ）ten thousand yen per a month. 

 

Thank you for your cooperation!  
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Appendix 2. MNL and RPL results for beef steak – the first supplementary model 

Independent 

Variables 

MNL model 
 

RPL model 

Coefficient S.E.   Coefficient S.E. S.D. S.E. 

ALTA_P -.00129*** 0.00018 
 

-.00180*** 0.00026 .81878D-04 0.00027 

ALTB_P -.00172*** 0.00018 
 

-.00246*** 0.00027 .49894D-04 0.0002 

ALTC_P -.00144*** 0.00016 
 

-.00182*** 0.00021 .00029* 0.00016 

ALTD_P -.00139*** 0.00015 
 

-.00202*** 0.00025 0.00017 0.00047 

ALTA_T1 3.21552*** 0.36622 
 

3.93461*** 0.48768 .88236* 0.47849 

ALTA_T2 2.87977*** 0.36662 
 

3.27340*** 0.50288 1.32125*** 0.37012 

ALTA_T3 1.60459*** 0.37918 
 

1.23838* 0.65264 2.68267*** 0.67545 

ALTB_T1 3.78668*** 0.36415 
 

4.64364*** 0.49973 .98682** 0.44238 

ALTB_T2 3.96636*** 0.37008 
 

4.58807*** 0.56239 2.51932*** 0.4998 

ALTB_T3 1.78944*** 0.38129 
 

1.33081** 0.64366 2.19392*** 0.55352 

ALTC_T1 3.70372*** 0.26236 
 

4.52075*** 0.35265 0.26705 1.31334 

ALTC_T2 2.66955*** 0.26249 
 

3.36971*** 0.3455 0.3105 0.40752 

ALTC_T3 1.57776*** 0.25646 
 

1.86835*** 0.32142 0.59886 0.61923 

ALTD_T1 3.68442*** 0.33612 
 

4.35214*** 0.46259 1.84776*** 0.41482 

ALTD_T2 3.36885*** 0.341 
 

3.92365*** 0.42337 0.29564 0.44495 

ALTD_T3 1.94747*** 0.34744 
 

2.02786*** 0.43978 .96784* 0.52818 

ALTA_HEALTH -.40126*** 0.14461 
 

-.74364*** 0.21239   

ALTB_HEALTH -.37574*** 0.13592 
 

-.62891*** 0.1981   

ALTC_HEALTH -0.18506 0.12589 
 

-.36993** 0.16771   

ALTA_NUTRITION 0.15027 0.13038 
 

0.29765 0.1879   

ALTB_NUTRITION .36537*** 0.11992 
 

.58057*** 0.17931   

ALTC_NUTRITION .38846*** 0.11364 
 

.45539*** 0.15056   

ALTA_MALE .90727*** 0.23671 
 

1.31763*** 0.35352   

ALTB_MALE .58390** 0.22675 
 

.63039* 0.37558   

ALTC_MALE 0.28444 0.21378 
 

0.25475 0.30642   

ALTA_LIVING -0.07109 0.22269 
 

-0.02232 0.32063   

ALTB_LIVING -0.00905 0.20585 
 

0.07634 0.32013   

ALTC_LIVING 0.18762 0.19272 
 

0.18434 0.25289   

Observations  1140 
  

1140 
 

  

AIC 2061.9 
  

2023.3 
 

  

AIC/N 1.809 
  

1.775 
 

  

Pseudo R-squared        0.387698     

* p < 0.10, ** p < 0.05, *** p < 0.01. S.D. denotes standard deviation of the random parameters in the RPL model. S.E. 

denotes standard error. 
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Appendix 3. MNL and RPL results for beef steak – the second supplementary model 

Independent 

Variables 

MNL model 
 

RPL model 

Coefficient S.E.   Coefficient S.E. S.D. S.E. 

ALTA_P -.00125*** 0.00024 
 

-.00191*** 0.00039 0.00019 0.00025 

ALTB_P -.00177*** 0.00023 
 

-.00238*** 0.00035 .00035* 0.00019 

ALTC_P -.00143*** 0.00021 
 

-.00202*** 0.00034 .00049** 0.00023 

ALTD_P -.00157*** 0.0002 
 

-.00223*** 0.00031 .00050** 0.0002 

ALTA_T1 3.73873*** 0.56323 
 

4.62981*** 0.95734 1.66385* 0.94677 

ALTA_T2 3.35919*** 0.56647 
 

4.28240*** 0.88384 1.14075* 0.65362 

ALTA_T3 2.36272*** 0.57061 
 

1.91871 1.17431 2.79127*** 0.99579 

ALTB_T1 4.42158*** 0.54441 
 

5.75909*** 0.83035 .78157* 0.46187 

ALTB_T2 4.33140*** 0.54869 
 

5.73713*** 0.86454 1.82402*** 0.51695 

ALTB_T3 2.25527*** 0.55446 
 

2.79690*** 0.76133 0.70593 0.89655 

ALTC_T1 3.57275*** 0.32252 
 

5.66228*** 0.83283 3.31919*** 0.87614 

ALTC_T2 2.48308*** 0.31268 
 

3.19578*** 0.41966 0.21737 0.44465 

ALTC_T3 .86071*** 0.32039 
 

.93749** 0.46756 1.13164* 0.61307 

ALTD_T1 4.75802*** 0.50904 
 

6.12807*** 0.75977 2.38397*** 0.59137 

ALTD_T2 4.12462*** 0.50207 
 

5.24051*** 0.68949 0.11766 0.41116 

ALTD_T3 2.74270*** 0.50521 
 

3.52053*** 0.67586 0.18671 0.56388 

ALTA_HEALTH -0.32142 0.20115 
 

-.61905** 0.31392   

ALTB_HEALTH -.37313** 0.18273 
 

-.57917** 0.26916   

ALTC_HEALTH -0.02109 0.16527 
 

-0.04636 0.23941   

ALTA_NUTRITION 0.0878 0.16704 
 

0.29261 0.2614   

ALTB_NUTRITION .43036*** 0.14714 
 

.58551*** 0.2207   

ALTC_NUTRITION .48150*** 0.13996 
 

.63795*** 0.21742   

ALTA_LIVING -0.17637 0.28962 
 

-0.13139 0.45341   

ALTB_LIVING -0.08101 0.25739 
 

-0.07151 0.37142   

ALTC_LIVING 0.30538 0.23804 
 

0.36312 0.35362   

Observations  756 
  

756 
 

  

AIC 1293.1 
  

1278.8 
 

  

AIC/N 1.71 
  

1.691 
 

  

Pseudo R-squared        0.429048     

* p < 0.10, ** p < 0.05, *** p < 0.01. S.D. denotes standard deviation of the random parameters in the RPL model. S.E. 

denotes standard error. 
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Appendix 4. MNL and RPL results for vegetable juice – the first supplementary model 

Independent 

Variables 

MNL model 
 

RPL model 

Coefficient S.E.   Coefficient S.E. S.D. S.E. 

ALTA_P -.01504*** 0.00209 
 

-.02015*** 0.00317 .01493*** 0.00181 

ALTB_P -.01438*** 0.0025 
 

-.01814*** 0.00325 0.00279 0.00242 

ALTC_P -.00678*** 0.00259 
 

-.00782** 0.00315 0.00114 0.00284 

ALTD_P -.02675*** 0.00488 
 

-.03055*** 0.00562 0.00085 0.00348 

ALTA_T1 3.50619*** 0.23615 
 

4.84710*** 0.39156 .77933** 0.33133 

ALTA_T2 3.28538*** 0.22266 
 

4.54469*** 0.36412 .77933** 0.33133 

ALTA_T3 1.35598*** 0.22108 
 

1.57258*** 0.2795 .77933** 0.33133 

ALTB_T1 3.41080*** 0.29505 
 

4.13340*** 0.39045 1.22855*** 0.26702 

ALTB_T2 3.13570*** 0.30851 
 

3.86064*** 0.4026 1.22855*** 0.26702 

ALTB_T3 1.02138*** 0.33406 
 

.98049** 0.43371 1.22855*** 0.26702 

ALTC_T1 2.18617*** 0.33377 
 

2.52330*** 0.38719 0.11638 0.31751 

ALTC_T2 2.73563*** 0.34389 
 

3.17201*** 0.40166 0.11638 0.31751 

ALTC_T3 1.31710*** 0.35871 
 

1.51766*** 0.41067 0.11638 0.31751 

ALTD_T1 3.63219*** 0.59746 
 

4.21430*** 0.73274 0.44753 0.51738 

ALTD_T2 3.03256*** 0.63673 
 

3.66712*** 0.77911 0.44753 0.51738 

ALTD_T3 2.48788*** 0.62705 
 

2.87525*** 0.75878 0.44753 0.51738 

ALTA_HEALTH .31089* 0.17536 
 

.43809* 0.22627   

ALTB_HEALTH 0.07612 0.18543 
 

0.14833 0.21761   

ALTC_HEALTH -0.05607 0.18906 
 

-0.05406 0.20607   

ALTA_NUTRITION .53760*** 0.16073 
 

.60654*** 0.2086   

ALTB_NUTRITION .45404*** 0.16943 
 

.45845** 0.19668   

ALTC_NUTRITION 0.13729 0.1733 
 

0.14021 0.18556   

ALTA_MALE -0.29926 0.29083 
 

-0.44612 0.38756   

ALTB_MALE -0.4267 0.30787 
 

-0.44152 0.36266   

ALTC_MALE -0.22299 0.31422 
 

-0.24374 0.34102   

ALTA_LIVING -.52247* 0.28823 
 

-.94817** 0.39321   

ALTB_LIVING -.53753* 0.30356 
 

-.73391** 0.36273   

ALTC_LIVING -0.10487 0.30994 
 

-0.12454 0.3377   

Observations  1236 
  

1236 
 

  

AIC 1965.9 
  

1895.5 
 

  

AIC/N 1.592 
  

1.535 
 

  

Pseudo R-squared        0.467451     

* p < 0.10, ** p < 0.05, *** p < 0.01. S.D. denotes standard deviation of the random parameters in the RPL model. S.E. 

denotes standard error. 
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Appendix 5. MNL and RPL results for vegetable juice – the second supplementary model 

Independent 

Variables 

MNL model 
 

RPL model 

Coefficient S.E.   Coefficient S.E. S.D. S.E. 

ALTA_P -.01811*** 0.00272 
 

-.02897*** 0.00507 .01814*** 0.00285 

ALTB_P -.01841*** 0.00327 
 

-.02705*** 0.0054 .00803*** 0.00283 

ALTC_P -.00823** 0.00327 
 

-.01485*** 0.00475 0.00019 0.00362 

ALTD_P -.02644*** 0.00658 
 

-.04467*** 0.01292 0.00164 0.00558 

ALTA_T1 3.86442*** 0.31384 
 

6.11294*** 0.7202 1.70953*** 0.63262 

ALTA_T2 3.56651*** 0.28735 
 

5.62058*** 0.66538 1.43378** 0.69656 

ALTA_T3 1.65908*** 0.28167 
 

1.91513*** 0.40185 0.19825 0.63214 

ALTB_T1 4.01205*** 0.40717 
 

5.69304*** 0.69507 1.12268*** 0.43031 

ALTB_T2 3.54573*** 0.42437 
 

4.93437*** 0.65529 1.00895* 0.60354 

ALTB_T3 1.52042*** 0.4312 
 

1.44623 0.8928 2.09558*** 0.75862 

ALTC_T1 2.31735*** 0.44031 
 

2.79784*** 0.58884 0.00268 0.92859 

ALTC_T2 2.91501*** 0.44756 
 

3.44111*** 0.6126 0.22486 0.63992 

ALTC_T3 1.17111** 0.49172 
 

1.45983** 0.67987 0.30351 1.0605 

ALTD_T1 3.08494*** 0.76774 
 

4.76362*** 1.5139 0.19043 0.71579 

ALTD_T2 2.57606*** 0.7995 
 

3.94166** 1.63798 1.09543 2.03455 

ALTD_T3 2.07065*** 0.7876 
 

-3.44625 4.10968 6.09164** 2.79477 

ALTA_HEALTH 0.01361 0.24128 
 

0.00446 0.40257   

ALTB_HEALTH -0.26712 0.25558 
 

-0.54672 0.40089   

ALTC_HEALTH -0.39807 0.26002 
 

-0.55093 0.36866   

ALTA_NUTRITION .71038*** 0.20831 
 

1.03603** 0.40701   

ALTB_NUTRITION .68757*** 0.21863 
 

1.06451*** 0.36818   

ALTC_NUTRITION 0.35466 0.22404 
 

.65528* 0.34453   

ALTA_LIVING -0.11764 0.36638 
 

-0.35436 0.59854   

ALTB_LIVING -0.45961 0.38616 
 

-0.83376 0.5851   

ALTC_LIVING 0.19613 0.39372 
 

0.12479 0.54129   

Observations  828 
  

828 
 

  

AIC 1258.9 
  

1184.4 
 

  

AIC/N 1.52 
  

1.451 
 

  

Pseudo R-squared        0.512752     

* p < 0.10, ** p < 0.05, *** p < 0.01. S.D. denotes standard deviation of the random parameters in the RPL model. S.E. 

denotes standard error. 

 

 


