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Summary

The thesis consists of four papers investigating the effects of personality traits and food
values on food-related choices and behavior. The analysis uses data from the Norwegian
Monitor Survey (NMS) and an online survey (OS) conducted in Norway and the US. Both data
sets include a twenty-item version of the Big Five personality traits: openness to experience,
conscientiousness, extraversion, agreeableness, and neuroticism. The OS include a best-
worst choice experiment with twelve food values: naturalness, safety, environmental impact,
origin, fairness, nutrition, taste, appearance, convenience, price, animal welfare, and novelty.
In the NMS, a simplified version of the method is used.

The first paper uses OS data and explores how personality traits influence
respondents’ preferences over the relative importance of food values in Norway and the US.
A latent class logit model is estimated, which allows for heterogeneity by grouping
individuals into different segments with homogenous preferences. Membership in each
segment is specified to be a function of personality traits. In both countries, more open and
agreeable respondents are more likely to belong to segments which emphasize the societal
and environmental impacts of food.

The second paper uses NMS data to investigate the effects of personality traits and
knowledge on the willingness to pay (WTP) to avoid genetically modified (GM) soybean oil,
GM-fed salmon, and GM salmon. Each respondent stated WTP intervals for the three
products. To take account of this panel structure a random-effects interval regression model
is estimated. Conscientiousness and agreeableness are associated with attitudes towards GM
food. Knowledge about bans against GM foods increases GM aversion.

The third paper uses OS data to investigate the effects of personality traits and food
values on the WTP to avoid GM soybean oil, GM-fed salmon, and GM salmon. As in the second
paper, a random-effects interval regression model is used. In both countries, high
importance of price reduces GM aversion. Norwegian consumers are concerned about the
safety of GM foods, while safety is not among the primary concerns of US consumers. Attitude
towards GM food is associated with agreeableness and extraversion in the US, but no

associations with personality traits is found in Norway.



The fourth paper uses NMS data to investigate respondents’ dietary patterns from a
sustainability perspective. Principal component analysis is used to identify dietary patterns
from an extensive food frequency questionnaire. The roles of personality traits and food
values on the adopted diets are explored using OLS regression. Three prevalent dietary
patterns are identified. Open and agreeable respondents adopt more sustainable dietary
patterns, which include more fruits, vegetables, and fish, and less meats. Environment,
origin, and fairness are important motivations in adopting more sustainable diets while
convenience and price are important barriers against adopting such diets.

The overall findings of the thesis can be summarized in four points: (1) Personality
traits influence the preference structure for food values. Openness to experience and
agreeableness are associated with more altruistic preferences. (2) The effects of personality
traits on attitudes towards GM food are neither large nor consistent across products and
samples. Food values are more important in determining the attitudes towards GM food. A
large part of the resistance towards GM food seems to be based on perceptions that these
products are less natural, less fair to stakeholders in the supply chain, more harmful to the
environment, and bad for the welfare of animals. (3) Respondents’ food consumption
patterns reflect their differences in personalities and food values. More open and agreeable
respondents adopt the dietary patterns that they perceive to have lower environmental
impacts, fairer towards farmers, processors, and retailers, and protect local production. (4)

Food values have larger and more consistent effects on food behavior than personality traits.



Sammendrag

Avhandlingen omhandler effekter av personlighetsfaktorer og matverdier pa matrelatert
atferd. Det blir brukt tverrsnittsdata fra Norsk Monitor (NM) i 2015 og fra en internettbasert
spgrreundersgkelse (IS) som ble gjennomfgrt i 2015 i Norge og USA. En norsk versjon av
Femfaktormodellen, som er basert pa 20 spgrsmal, blir brukt for & male de fem
personlighetsfaktorene Aapenhet, planmessighet, ekstroversjon, omgjengelighet og
nevrotisisme. De tolv matverdiene som males er naturlighet, trygghet, miljgpévirkning,
opprinnelse, rettferdighet, ernaering, smak, utseende, enkelhet, pris, dyrevelferd og nyhet. IS
kartlegger hvilke matverdier forbrukerne har ut fra «best-worst scaling»-metoden. NM
bruker en forenklet utgave av metoden.

Den fgrste artikkelen undersgker effektene av de fem personlighetsfaktorene pa
rangeringen av matverdier i Norge og USA ved hjelp av IS-data. En sdkalt «latent class logit»
modell blir estimert. Modellen dpner for heterogenitet ved a gruppere individer i forskjellige
segmenter med homogene preferanser. Medlemskap i hvert segment er spesifisert som en
funksjon av personlighetstrekkene. I begge land er det mer sannsynlig at dpnere og mer
omgjengelige respondenter tilhgrer segmenter som vektlegger de samfunns- og
miljgmessige innvirkningene av mat.

Den andre artikkelen undersgker effektene av personlighetsfaktorene og kunnskap
pa betalingsvilligheten for & unngd genmodifisert soyaolje, laks som har blitt féret med
genmodifisert soya og genmodifisert laks ved hjelp av data fra NM. Betalingsvillighet for de
tre produktene er registrert i intervaller, og denne panelstrukturen er tatt hensyn til
gjennom estimeringen av en sdkalt «random-effects interval regression» modell.
Planmessighet og omgjengelighet er assosierte med holdninger til genmodifisert mat.
Kunnskap om forbud mot genmodifisert mat gker aversjonen mot genmodifisering.

Den tredje artikkelen bruker IS-data. Artikkelen undersgker effektene av
personlighetsfaktorene og matverdiene pa betalingsvilligheten for & unnga genmodifisert
soyaolje, laks som har blitt foret med genmodifisert soya og genmodifisert laks. Som i den
andre artikkelen blir en «random-effects interval regression» modell brukt. Vektlegging av

pris er assosiert med lav aversjon mot genmodifisert mat i begge landene. Holdninger til



genmodifisert mat er assosiert med omgjengelighet og ekstroversjon i USA. Ingen
tilsvarende assosiasjoner er funnet i Norge.

Den fjerde artikkelen benytter data fra NM for & undersgke respondentenes
kostholdsmgnstre i et bzerekraftighetsperspektiv. Effekter av personlighetsfaktorene og
matverdiene pa Kkostholdsmgnstre er wundersgkt ved hjelp av en prinsipal
komponentanalyse. Analysen er basert pd matfrekvensdata i NM. Sammenhengene mellom
personlighetsfaktorene og matverdiene er estimert ved minste kvadraters metode. Apne og
omgjengelige respondenter velger mer baerekraftige kostholdsmgnstre med hyppigere
forbruk av frukt, grgnnsaker og fisk og mindre hyppig forbruk av kjgtt. Miljgpavirkning,
opprinnelse og rettferdighet er viktige matverdier for & velge mer barekraftige
kostholdsmgnstre, mens enkelhet og pris er viktige barrierer mot dette.

Det er fire hovedfunn i avhandlingen. (1) Personlighetsfaktorene péavirker
preferansestrukturen for matverdier. Apenhet og omgjengelighet er assosiert med mer
altruistiske preferanser. (2) Effektene av personlighetsfaktorene pa holdningene til
genmodifisert mat er verken store eller konsistente over produkter eller datasett.
Matverdiene er viktigere for holdningene til genmodifisert mat. En stor del av motstanden
mot genmodifisert mat er tilsynelatende basert pa oppfatninger om at disse produktene er
mindre naturlige, mindre rettferdige overfor deltakerne i matforsyningskjeden, farligere for
miljget og negative for dyrevelferden. (3) Kostholdsmgnstre reflekterer forskjeller i
personlighetsfaktorer og matverdier. Apne og mer omgjengelige respondenter velger
kostholdsmgnstre som de tror har lavere miljgpavirkning, er mer rettferdig overfor bgnder,
matindustri og dagligvarehandel og beskytter lokal matproduksjon. (4) Matverdiene har

stgrre og mer konsistente effekter pa matrelatert atferd enn personlighetsfaktorene.



Introduction

The introduction consists of four main sections. In Section 1, I provide some motivation for
the thesis and state the overall objectives. In Section 2, | provide a review of some relevant
literature on food consumers’ behavior. In Section 3, I provide a more detailed description
of data sets, measurements, statistical methods, and a summary of each paper. In Section 4,

the contributions, implications, and limitations of the thesis are discussed.

1. Motivation and Objectives

Food related behavior is complex. Numerous factors interact simultaneously and in multiple
stages to influence the final choice of food. In this setting, a multidisciplinary analysis may
improve the understanding of individuals’ food-related behaviors. The thesis is mainly based
in the economics of food consumption but it integrates psychological factors and motivation
into analysis. This section consists of four subsections. First, I briefly describe some of the
main approaches used to investigate food-related behaviors in economics. Second, I discuss
the role of personality for food-related behaviors in economics. Third, I will discuss the role
of food values for food-related behaviors in economics. Fourth, I state the overall objectives

of the thesis.

1.1. The economics of food-related consumer behavior

The description is very brief and schematic and only intended to provide some background
for the thesis. The section is to a large extent based on material found in Lusk, Roosen, and
Shogren (2011).

Applied studies of consumers’ behavior have typically been based on a consumer with
(unobserved) stable preferences. The stable preferences are characterized by axioms of
choice and are represented by a stable utility function. The consumer is assumed to
maximize this utility function subject to a budget constraint. Utility is assumed to be a
function of the consumed quantities of various goods. A stream of research has used this
approach and associated developments in duality theory in the 1970s and 1980s on

aggregate time series data. The initial focus was the effects of relative prices and real income



on consumer demand. Over time many other variables, such as information, advertising, and
labeling have been included into this framework. More recently cross-sectional or panel
household data have become available and used to this type of demand analysis.

Lancaster (1966) suggested another approach where utility does not come from the
product itself, but rather the properties and characteristics of the product. Hedonic price
theory (e.g., Rosen, 1974) is related to this model of utility. In hedonic pricing models, the
price of a product is a function of its characteristics, and the implicit prices of these
characteristics are estimated. Many studies have used hedonic price theory to estimate the
implicit prices of various goods such as housing, PCs, cars, or food.

A third approach is based on Becker’s (1976) household production theory. Becker’s
theory includes the opportunity cost of time, which is relevant for household consumption
of food. For example, as the opportunity cost of time increases, the effort to prepare time-
consuming homemade meals decreases and consumption of food away from home or easy
meals increases.

A fourth approach is related to discrete choice modeling (DCM) (McFadden, 1974). In
DCM, consumers’ choices between a set of discrete alternatives are studied. It can be the
choice to buy a food or not to buy it or the choice between different varieties of a food. Using
DCM, the willingness to pay (WTP) for different types of food or product attributes have
frequently been estimated. This also include the WTP for attributes that yet do not exist in
the market. Such attributes could be related to genetically modified (GM) products, which
also are used in this thesis. For attributes not available in the market stated preference
methods have frequently been used. Stated preferences are based on questions that directly
asks individuals to state their valuation of a product in a hypothetical setting.

A fifth approach is provided by behavioral economics. Behavioral economists and
consumer researchers frequently criticized assumptions related to the basic utility theory
and the axioms of choice that result in the existence of a stable utility function. These
criticisms are based on human’s predispositions to cognitive biases such as framing and
anchoring effects, point of reference dependence (Tversky and Kahneman, 1974; 1981),
preference reversals (Lichtenstein and Slovic, 1971), or attraction (decoy) effects (Huber,
Payne, and Puto, 1982), just to name a few. Insights from this field of research suggest policy

relevant solutions to prevent obesity and promote healthy eating through indirect strategies
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such as size of packaging, menu design, manipulation of proximity or order of the food, and
many more.

Parts of this thesis relates to the hedonic pricing approach and DCM. However, some
variables have received less attention within applied economics and food-related behavior.

The effects of personality and food values are of particular importance for this thesis.

1.2. Personality traits and the economics of food-related consumer behavior

The role of individuals’ personality traits for food-related behaviors have been investigated
in less detail. Personality may be defined as: ‘relatively enduring patterns of thoughts,
feelings, and behavior that reflect the tendency to respond in certain ways under certain
circumstances’ (Roberts, 2009: 140). The reason for neglecting personality traits may
possibly be related to the ‘person-situation’ debate of Walter Mischel (1968), who suggested
that behaviors are highly situation-specific. Although originally situationist proponents were
on the winning side, research suggests that personality also matters. Evidence from
neuroscience and behavioral genetics indicate that personality traits have biological basis,
are heritable and a relatively stable determinant of behavior across several situations
(Almlund et al., 2011).

Mischel himself, revised his idea (Mischel, 2004; 2009). In his later works, he
acknowledged that although behavior might vary across situations, this variation is
systematic. He referred to this variability as a stable “if..., then...” patterns which characterize
individuals’ personality. This stable variability of behavior across situations indicates that
nonlinearities in relationship between situation and behavior exist (Almlund et al., 2011). In
an extensive study, Borkenau et al. (2004) investigated the correlations between self- and
observer-rated scores of personality traits and behavioral measures across 15 different
tasks. They found that behavior is consistent both across the situations, and across “if ... then
... patterns of situation and behavior interactions. They explained that behavioral styles and
the way people act, such as talking with a loud voice, are expected to be more consistent
across situations than frequency of a specific behavior, such as class attendance. As a result
of this change in the way personality is viewed in the literature, several researchers have

attempted to integrate personality measures in their analysis.
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Borghans et al. (2008) explained that psychological constructs can be integrated in
economic models through their influence on preferences and constraints. For example,
sociability, empathy, and the ability to get along with others, which are facets of
agreeableness and extraversion, can be a source of information or a learning environment.
In a similar way, openness to experience fosters the willingness to learn and imaginations
about future states, and the choice set of a shy person might be more limited while a warm
and friendly smile is a resource for a salesperson (Borghans et al., 2008). For a review and
discussion of integrating personality traits into economic models, see Borghans et al. (2008)
and Almlund et al. (2011).

In the context of food-related behaviors, personality traits can influence preferences
as well. Neuroticism and conscientiousness with facets such as immoderation, anxiety, and
self-discipline can be a source of performing (avoiding) binge- or over-eating behaviors. In a
similar way, excitement-seeking and the need for high levels of stimulation as facets of
extraversion can be a source of preferences for hedonistic aspects of the food, while
agreeableness with facets such as altruism and compliance can be a source of preferences
for aspects of the food such as fair trade, animal welfare, and the like. Attempts to integrate
personality traits in studying consumers’ food-related behavior are increasingly growing

and some of these studies are reviewed in Section 2 below.

1.3. Food values and the economics of food-related consumer behavior

The basic neoclassical consumer model assumes complete and stable preferences, which are
known to the individual. As discussed above, this basic model has been modified in many
directions. Of special interest for my thesis is Lusk and Briggeman (2009), who made the
distinction between preferences and ‘underlying preferences’.! They argued that it is not the
preferences over food that are stable, but rather the desired outcome one wants to achieve
from consuming the food. So, several preference reversals and inconsistencies in food
choices can be due to a change in perceptions about the outcomes the product offers. For

example, if the choice of organic food is due to the perception that organic food is more

1 This distinction is not new and was also acknowledged by, for example, Becker (1976).
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nutritious, the preference for organic food would be reversed once the consumer’s
perception about the nutritional value of organic food is changed, while the desire to
consume nutritious food remains stable.

A value may be defined as “an enduring belief that a specific mode of conduct or end-
state of existence is personally or socially preferable to an opposite or converse mode of
conduct or end-state of existence” (Rokeach, 1973:5). Lusk and Briggeman (2009) proposed
a set of ‘food values’ and emphasized that these values are not referring to the abstract ‘end-
state of existence’ as in Rokeach (1973). Rather they represent the underlying preferences
over an intermediary value system that consumers develop in their food-related decision-
making process (Lusk and Briggeman, 2009). These food values reflect consumers’ food
choice motivations and subjective beliefs about food products (Lusk, 2011a). This
interpretation of food values corresponds well with the personal value negotiation system

in the conceptual food choice model suggested by Furst et al. (1996).

1.4. Objectives of thesis

This thesis contributes to the body of literature in consumers’ food-related behavior through
integration of psychological factors and motivations. The main research questions are: (i)
How are personality traits and food values interconnected? (ii) How do personality traits
and food values influence consumers’ attitudes towards food items produced by genetic
engineering technologies? (iii) How do personality traits and food values influence dietary

patterns? The specific objectives of each paper are discussed in Section 3.

2. Literature Review

The review will focus on a selection of the literature related to personality traits and food
values. The volume of this literature has increased rapidly since I started working on my
thesis. Literature related to WTP for genetically modified foods or sustainable food
consumption are not discussed here.

A widely accepted taxonomy of personality traits is the Big Five model. It was

developed through a lexical approach which is based on the idea that the distinguished
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characteristics of individuals are manifested in their language (Almlund et al., 2011). The
model has emerged as a result of independent works from several psychologists whose
results indicated that personality traits can be categorized into five factors, each constituting
lower-level facets (Almlund et al., 2011). These five factors are: openness to experience,
conscientiousness, extraversion, agreeableness, and neuroticism (OCEAN).

Several studies have found associations between personality traits and preferences
for organic or local food (Gustavsen, and Hegnes, 2020a; 2020b), eating habits and
consumption frequencies of different types of food (Keller and Siegrist, 2015), and alcoholic
beverages (e.g., Gustavsen and Rickertsen, 2019). A review of the recent works on
personality traits and food consumption finds that several of the detected associations have
not been strong (Machado-Oliviera et al.,, 2020). Machado-Oliviera et al. (2020) clarify that
different personality traits represent a predisposition to act in a certain way, however, such
predispositions can be distracted by situations. Nevertheless, personality traits have also
been found to be a relatively consistent determinant of food-related behaviors across
situations.

Of particular interest for this thesis are the associations between OCEAN traits and
dietary patterns and the associations between OCEAN traits and attitudes towards GM food.
Several studies have investigated the associations between OCEAN traits and dietary
patterns. Table 1 summarizes some of the results from the previous studies that have
investigated the associations between individuals’ dietary patterns as measured by food
frequency questionnaire (FFQ), and the personality traits. The first column provides names
of the author(s), the country of study, the sample size, the number of the items included in
the FFQ, and the instrument used to measure the personality traits. The second column
provides the dietary patterns either as detected by principal component analysis or grouped
food items of the same category. The last five columns report the significant associations
between each OCEAN trait and the dietary pattern or food group. The table suggests that
across seven different studies conducted in six different countries, openness to experiences,
conscientiousness and agreeableness are positively (negatively) associated with generally
(un) healthier dietary patterns, while neuroticism is positively (negatively) associated with

generally unhealthier (healthier) diets.
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Table 1. A selection of the associations between OCEAN traits and dietary patterns

Study Dietary pattern 0 C E A N
Sutin & Terracciano (2016) Healthy Pos. Pos. Pos. Pos. Neg.
US (N=5,150)
FFQ: 9 items Convenience Neg. Neg. Pos.
Big Five, BFI-44
Mattus et al. (2012) Health aware Pos. Pos. Pos. Neg.
Estonia (N=1,691)
FFQ =15 items Traditional Neg.
Big Five, NEO PI-3, 240 items
Mattus et al. (2013) Mediterranean Pos. Pos. Neg.
Scotland (N = 1,091), Cohort Health aware Pos. Pos.
study . Convenience Neg. Pos.
FFQ= 168 items food
NEO FFI, 60 items Sweet foods Neg.
Pfeiler & Egloff (2020) Plant-based and fish Pos.  Pos. Neg.
Australia (N = 13,892)
FFQ = 14 items Meat Neg. Pos. Pos.
Big Five PI, 28 items Carbohydrate-based Neg. Neg. Pos.
Weston, Edmonds & Hill (2020) Healthy Pos.  Pos. Pos. Neg.
US (N = 665), Cohort study
FFQ = 24 items Unhealthy Neg. Neg. Neg. Pos.
Big Five, NEO IPIP, 120 items
Keller & Siegrist (2015) Fruits and vegetables Pos.
Switzerland (N=951)
FFQ = 12 items Meat Neg. Pos. Neg.
Big Five, NEO-FFI 60 items Sweetened drink Neg. Pos.
Tiainen et al. (2013) Fruits Pos.  Pos.
Finland (N=1681), Cohort study
FFQ = 128 items Vegetables Pos. Pos. Pos. Neg.
(Reduced to 12 groups)

Meat Neg. Pos. Neg.

Big Five, NEO-PI, 181 items

Very few studies have investigated the role of OCEAN traits in determining attitudes

towards GM food or labeling of the GM food, and Table 2 summarizes the results from these

studies.? The first column provides the name(s) of the author(s), the elicitation method and

measurement of the attitudes, the product included in the study, and the instrument used to

measure the personality traits. The second column reports the sample origin and size, and

the last five columns report the significant associations between each trait and attitudes

towards GM food. As indicated by the table, several associations have not been consistently

2 Research on this topic is growing rapidly. There may be other studies that are unintentionally overlooked.
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replicated across the samples or products, and contradictory results were also found. For
example, extraversion and agreeableness were respectively associated with positive and
negative attitudes towards GM food in Lin et al. (2019), while these traits were found to have
opposite associations with perceptions about safety of GM food in Whittingham, Boecker &

Grygorczyk (2020).

Table 2. Associations between OCEAN traits and attitudes towards GM food/labeling

Study Sample 0 C E A N
Lin et al. (2019) US (N =945) Accept Averse Accept Averse
Hypothetical choice

experiment China (N = 945) Accept

WTP for GM pork

Big Six, MIDI 30 items Italy (N = 954) Accept Averse

Whittingham, Boecker & Canada (N=522) Safe Unsafe Safe Safe
Grygorczyk (2020)

Data from Twitter
GM food Risk perception
Big Five, lexical analysis

DeLong & Grebitus (2018) US (N =566) Label
Survey

GM labeling, sugar

Big Six, MIDI 30 items

Peschel et al. (2019) US (N =1,411) Label Label
Online choice experiment

Production method (GM-free)

labeling, Medjool date

Big Six, MIDI 30 items

The role of values and beliefs are well established in consumer and marketing
research through models such as expectancy-value theory (Fishbein and Ajzen, 1975),
means-end chain model (Gutman, 1982), and the theory of planned behavior (Ajzen, 1985).
According to the expectancy-value theory, people develop attitudes from their beliefs about
a product. Means-end chain model is based on the assumption that consumer’s behavior in
the marketplace is influenced by the product attributes that can potentially satisfy the values
important to the individual. Theory of planned behavior makes distinctions between three
types of beliefs: behavioral beliefs which determine the attitudes, normative beliefs which

determine the subjective norms, and control beliefs which determine the perceived
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behavioral control. Attitudes, subjective norms, and perceived behavioral control jointly
determine intentions to perform a certain behavior.

Several studies have used theory of planned behavior, expectancy-value theory, and
means-end chain models to study the influence of values and beliefs on attitudes towards
different food items. For example, Nystrand and Olsen (2020) found that attitudes towards
consumption frequency of functional food is associated with utilitarian eating values, i.e.,
health issues, control weight and avoidance of weight increase issues; Olsen et al. (2011)
found that importance of benevolence value is associated with emphasizing the
environmental and health consequences, and importance of hedonic value is associated with
emphasizing the taste quality in choice of novel processed apple juice; and Olsen et al. (2007)
found that orientation towards convenience of the food is positively associated with
perceived inconvenience of fish, and perceived inconvenience of fish forms negative
attitudes towards fish and fish consumption.

Lusk and Briggeman (2009) conducted a review of the literature on consumers’
attitudes towards food products and studies which employed means-end chain analysis to
identify a set of relatively stable food-related values. They suggested eleven food values:
safety, nutrition, naturalness, environmental impact, taste, appearance, convenience,
tradition, origin, fairness, and price. Lusk and Briggeman (2009) explained that several of
these values correspond with Schwartz’ (1992) value dimensions.? Studying the role of food
values can give an overall understanding about consumers’ general belief and attitudes
towards a food product or consumption behavior.

Food values were proposed as a useful construct about a decade ago, and studies have
investigated the relative importance of food values across countries (e.g., Bazzani et al,,
2018) and products (Lister et al., 2017). The associations between food values and
preferences for specific food products such as organic or functional food have also been
investigated (Lusk, 2011a; Pappalardo and Lusk, 2016). However, several interesting
associations have not been studied including associations between food values and attitudes

towards GM food, associations between food values and individuals’ general dietary

3 Schwartz (1992) suggested a set of ten basic value dimensions that drive individuals’ latent motivations and
goals: achievement, benevolence, conformity, hedonism, power, security, self-direction, stimulation, tradition,
and universalism.
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patterns, and associations between food values and personality traits. These associations are

in focus of this thesis.

3. Data and Methods

Table 3 summarizes the main research objectives, the key variables, the data sets, the
statistical models, and the key findings of each paper. In this section, I will describe the two
data sets used, measurement of the personality traits and food values, the statistical models

applied in each paper, and the research objectives and key findings of each paper.

3.1. Data sets

Two sets of data were used: data obtained from an online survey (0OS) conducted in Norway
and the US and Norwegian Monitor Survey (NMS).

The OS was conducted between October and November in 2015 in Norway and the
US; 1,037 participated in Norway and 1,025 participated in the US. The survey included data
on respondents’ stated preferences for three types of GM foods, organic food, attitudes,
personality traits, and a choice experiment based on best-worst scaling (BWS) method to
elicit the relative importance of the food values. The papers (I) and (III) used data from this
survey.

NMS is a nationally representative survey that has been conducted every second year
in Norway since 1985, with approximately 3,000 to 4,000 respondents in each round. This
survey is one of the most comprehensive consumer surveys in Norway and includes more
than three hundred questions about consumers’ beliefs and attitudes towards several
individual, political, and social issues, as well as questions about their general physical and
mental health status, lifestyle, eating habits, consumption frequency of food items, and much
more. Only the 2015 survey included questions related to personality traits and food values

and only data from this survey was used.* The papers (II) and (IV) used NMS data.

4 The NMS was also conducted in 2017 and 2019, however, we did not have access to these more recent data.
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3.2. Personality traits

Measurement of the personality traits were identical in both data sets. The Big Five
Inventory (BFI) is one of the most widely used personality tests to measure the Big Five
personality traits. This model is developed by John, Donahue, and Kentle (1991) and their
version was based on 44 items (BFI-44). Engvik and Fgllestad (2005) translated BFI-44 to
Norwegian and showed its acceptable psychometric properties. Thereafter, Engvik and
Clausen (2011) validated a 20-item version of this model, and proved the acceptable
psychometric properties of this version (BFI-20). BFI-20 was used in NMS and the OS. Items
were measured by self-reported scores on a scale from 1 (the item does not describe the
respondent at all) to 7 (the item describes the respondent very well). Table 4 presents the
Big Five traits, their definition according to American Psychological Association (APA, 2007),
and the measurements of each trait. BFI-20 in English was used in the OS conducted in the
US, and in Norwegian in the NMS and the OS conducted in Norway.

In the thesis, respondents’ scores of the five personality traits were calculated using
two different methods. Paper (II) was written first. In this paper, the scores were calculated
following a two-step procedure. In the first step, a confirmatory factor analysis (CFA) using
maximum likelihood estimation method was conducted. CFA is a multivariate technique
used to test the extent to which the measured variables represent the constructs well (Hair
etal,, 2014: 603), and the mathematical specification of this model is explained below. Scores
of the personality traits were predicted for each trait and each respondent from the
estimated CFA. It has been debated to what extent personality traits can change with age
across the life course (e.g., Almlund et al,, 2011). Therefore, following some previous studies
(e.g., Bucciol and Zarri, 2017), the personality scores were adjusted for age effects in the
second step. In particular, the personality scores were regressed on age and its second-
degree polynomial, and the resulting standardized residuals were used as the respondents’
scores on the five traits.

When the next paper was submitted for review an anonymous reviewer
recommended the use of average scores rather than the method used in the previous paper.
The reviewer had three main arguments. First, factor scores are specific to the sample since

they reflect the covariance structure of the sample and therefore lack generalizability.
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Table 4. Big Five Inventory based on 20 items
Trait: Measurement ?
APA definition @

I see myself as someone who...

Openness to experience:

The tendency to be open to new e Isoriginal, comes up with new ideas
aesthetic, cultural, or intellectual e Has lively imaginations
experiences e Likes to reflect, play with ideas
e Has few artistic interests
Conscientiousness:
The tendency to be organized, e Does athorough job
responsible, and hardworking e Tends to be disorganized
e Makes plans and follows them through
e (Can be somewhat careless
Extraversion:
An orientation of one’s interests and e s talkative
energies toward the outer world of e Tends to be quiet
people and things rather than the ¢ Is outgoing, sociable
inner world of subjective experience e s sometimes shy, inhibited
Agreeableness:
The tendency to act in a cooperative, e Can be cold and aloof
unselfish manner e Is helpful and unselfish with others
e Issometimes rude to others
e Isconsiderate and kind to almost everyone
Neuroticism:
A chronic level of emotional e Isdepressed, blue
instability and proneness to e I[srelaxed, handles stress well
psychological distress e Worries alot

e Gets nervous easily
Source: The table is adopted from Almlund et al. (2011), and adjusted to measurements used in BFI-20.
Notes: 2 Definitions according to American Psychology Association (APA, 2007). » Measurement of the five traits
in BFI-20 developed by Engvik and Clausen (2011). Response alternatives were scores on a scale from 1 (the
item does not describe the respondent at all) to 7 (the item describes the respondent very well).

Second, a main purpose of CFA is to examine the psychometric properties of the constructs,
which is not the objective of our study. Third, for sake of simplicity. We followed the
reviewer’s advice in the three other papers.> For each respondent and each trait, the average

scores of the items associated with the trait was calculated and standardized, and these

5 Prior to receiving this advice, we considered CFA with weighted least square mean and variance adjusted
estimator (WLSMV). The reason was that CFA with ML estimation had some limitations. ML estimator assumes
that data is continuous with a multivariate normal distribution. Finney and DiStefano (2013) found that the
consequences of employing ML with categorical and/or non-normal data was minor and could be neglected
when the number of categories is high (= 5) and/or non-normality is less severe (skewness < 2 and kurtosis <
7). However, WLSMV estimator takes the ordinal nature of the response items into account and is robust to
potential non-normality, and therefore, is a better choice for estimation of CFA with our data than ML.
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standardized scores were used as the respondent’s scores on the traits. The results were
somewhat sensitive to the choice of method, but the main results and general conclusions of

each paper did not change substantially.

3.3. Food values

A slightly revised version of the food values introduced in Lusk and Briggeman (2009) was
suggested by Bazzani et al. (2018). The food values suggested by Bazzani et al. (2018) are:
taste, price, nutrition, naturalness, environmental impacts, animal welfare, fairness, origin,
convenience, novelty, appearance, and safety. This version was used in NMS and the OS.
Table 5 presents the list of food values and their definition suggested by Lusk and Briggeman
(2009) in the first column, and the list of food values and their definition suggested by
Bazzani et al. (2018) in the second column. The most important differences between the two
lists are the omission of tradition as a food value and the addition of animal welfare and
novelty as food values. According to Bazzani et al. (2018), research suggested that variety
seeking and animal welfare are playing an important role in consumers’ food choices.
Moreover, the authors excluded tradition defined as ‘preserving traditional consumption
patterns’ because it could be interpreted differently across individuals with diverse ethnic
background.

Lusk and Briggeman (2009) suggested to elicit the relative importance of these food
values using the best-worst scaling (BWS) method, which originally was developed by Finn
and Louviere (1992). In the BWS method, repeated choice scenarios are presented to the
respondents and they are asked to indicate the most and least important food values in each
scenario. BWS is likely to overcome some potential disadvantages related to other
measurement methods such as rankings and Likert scales. The BWS method forces the
respondents to discriminate between what is most and least important and they cannot rank
all values as most or least important. Moreover, to rank something as either the most or least
important has the same interpretation for all respondents, which mitigate problems arising
from measurement units and subjective interpretation of rankings or Likert scales (Flynn

and Marley, 2014).
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Table 5. Food values and description

Lusk and Briggeman (2009) 2

Bazzani et al. (2018) P

Naturalness (extent to which food is
produced without modern technologies)

Safety (extent to which consumption of
food will not cause illness)

Environmental impact (effect of food
production on the environment)

Origin (where the agricultural commodities
were grown)

Fairness (the extent to which all parties
involved in the production of the food
equally benefit)

Nutrition (amount and type of fat, protein,
vitamins, etc.)

Taste (extent to which consumption of the
food is appealing to the senses)
Appearance (extent to which food looks
appealing)

Convenience (ease with which food is
cooked and/or consumed)

Price (the price that is paid for the food)
Tradition (preserving traditional
consumption patterns)

Naturalness (made without modern
technologies like genetic engineering,
hormone treatment and food irradiation)
Safety (eating the food will not make you
sick)

Environmental impact (effect of food
production on the environment)

Origin (whether the food is produced
locally, in USA/Norway or abroad)
Fairness (farmers, processors and retailers
get a fair share of the price)

Nutrition (amount and type of fat, protein,
etc.)
Taste (the flavor of the food in your mouth)

Appearance (the food looks appealing and
appetizing)

Convenience (how easy and fast the food is
to cook and eat)

Price (price you pay for the food)

Animal welfare (well-being of farm
animals)

Novelty (the food is something new that
you have not tried before)

Source: This is Table 2 in Bazzani et al. (2018)

Notes: 2 List of the food values and descriptions suggested by Lusk and Briggeman (2009). ® A revised version
of the Lusk and Briggeman'’s food values, suggested by Bazzani et al. (2018). This revised version is used in the

current work.

The relative importance of the food values was elicited differently in each data set. A

choice experiment with nearly balanced incomplete block design (NBIBD) and the BWS

method was used in the OS as the elicitation method. Respondents were asked to indicate

the most and least important food values from 12 choice sets where each choice set consisted

of a subset of 4 food values. Definition of the food value was provided under each food value

in the choice set. Figure 1 illustrates an example of a choice set. Each food value was repeated

4 times across the 12 choice sets, and was paired with other food values 1.09 number of

times. This design maximized the D-efficiency score; 98.71%.
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Figure 1. Example of a choice set

Which of the following attributes is most important and which is least important when you
purchase food? Please, check only one attribute as the most important and only one attribute
as the least important.

Most Important Attribute Least Important
ONE ANSWER ONE ANSWER
O Appearance o

(the food looks appealing and appetizing)

O Novelty o

(the food is something new that you have not tried before)

O Fairness O

(farmers, processors and retailers get a fair share of the price)

O Origin o

(whether the food is produced locally, in the US or abroad)

Source: This is Figure 1 in Bazzani et al. (2018).

In paper (I), OS is used and data obtained from the BWS choice experiment was
analyzed using a latent class logit model, which is explained below. Paper (III) also uses the
0S data. In this paper the preferences over relative importance of the food values were used
as a set of explanatory variables, and the counting method was employed to calculate
‘importance score’ of each food value for each respondent. In particular, for each respondent,
the number of the times each food value was chosen as the most important and the least
important food value was counted. The number of times each food value was chosen as least
important was then subtracted from the number of times it was chosen as most important.®
Given that each food value appeared four times across the choice sets, the range of the
importance scores were from -4 to 4, and they summed to zero across all food values.

Paper (IV) uses NMS data. The NMS is based on a large questionnaire with more than
three hundred questions, and therefore, a short version of BWS method was employed. In
NMS, all the food values were presented in one table, and respondents were asked to choose

the least and the most important values from the table. As a result, the elicited preferences

6 These scores are referred to as the ‘importance scores’ (Lusk and Briggeman, 2009) or ‘best-worst scores’
(Pappalardo and Lusk, 2016).
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only indicate the most and least important food values for each respondent. It is impossible
to infer any additional information about the relative importance of the other 10 values.
These food values were effect coded. In particular, the food value was set to 1 if it was chosen
as the most important, was set to -1 if it was chosen as the least important, and was set to 0
if it was not chosen by the respondent. The effect coded food values were used as a set of

explanatory variables in paper (IV).

3.4. Statistical models

Several statistical models were used in the thesis. A latent class logit (LCL) model was used
in Paper I. In Paper II, a random-effects interval regression and a probit model were used
along with a confirmatory factor analysis (CFA). A random-effects interval regression model
was used in Paper III, while principal component analysis (PCA) and ordinary least squares
(OLS) were used in Paper IV. Except for OLS and PCA, the statistical models in the thesis can
be described within a latent variable framework. A latent variable is a variable that is not
directly observed but measured through other observable variables. I will briefly describe
the models used in my thesis. In this description, I will also briefly describe some models that

are closely related to the models used.

3.4.1. The probit model

In my presentation, I mainly follow Wooldridge (2010) in model specifications. Look at the
simple case where the outcome is a binary variable that only can take two values. A typical
example could be to purchase or not purchase a food. Let the binary variable y; represent
the observed value for the continuous latent variable y; for observation i, such that:

yi =xif+e, y =1y > 0] (1)
where x; is the vector of explanatory variables, £ is the associated parameters, e; represents
an unobserved error term that is assumed to be uncorrelated with x;, and I[. ] is an indicator
function.” Usually the probability of the outcome given the set of explanatory variables

P(y; = 1|x) is of particular interest. The most basic model would be the linear probability

7 An indicator function I[. ] equals to 1 when the argument is true and zero otherwise.
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model where the probability is a linear function of the explanatory variables. The model has
two obvious shortcomings. First, it is subject to heteroscedasticity by construction. Second,
when the interest is the predicted probability, the model may produce probabilities beyond
the acceptable range of [0,1].

Alternatively, one can let x8 depend on the observed y through a function that limits the
range of predicted outcome such that P(y; = 1 |x;) = G(x;8). Given a standard normal
distribution @ (x;f3), we have the probit model and given a logistic distribution A(x;f) we

have the logit model.

3.4.2. The random effects interval regression model

Sometimes we are interested in modelling an outcome variable that can take more than two
values, where the values assigned to the outcome are not arbitrary. Assume for an underlying
outcome variable y* we observe ordered values y; < --- < y;, where higher values indicate
higher levels of y*. There are two possibilities: (i) the cutoff points are not known and must
be estimated and (ii) the cutoff points are known.® In the latter case, the underlying latent
variable y* has a quantitative meaning, such as income level or stated willingness to pay, but
due to reasons such as the survey design, data is recorded in pre-specified intervals.
Assuming a normal distribution for the underlying outcome variable y* results in an interval
regression model, which is a generalization of the Tobit model with known intervals

(Amemiya, 1973). The conditional response probability for each interval is then:

P(y; = 1lx;) = P(y{ < yulx) = q’(_y“;xm)

P(i = 21x) = P(yin < ¥i <yl = & (22E) — 2=

g g
* Yij—xip
P(y;=]lx) =P(yy <yilx)=1- q’(]T) (2)
where @ is the standard normal cumulative distribution function, and o is the standard error

of the underlying outcome variable. The parameters of interest can be obtained by

maximizing the sample likelihood function, with probabilities specified in Equation (2).

8 In this first case, assuming a standard normal distribution or logistic distribution for the latent variable
results in the ordered probit or ordered logit model, respectively.
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By specifying a respondent specific random-effects component for the underlying
outcome variable, the interval-regression model can be extended to random-effects interval
regression to account for the panel structure in the data. In particular, y;, = x;:8 + v; + ey,
where v;~N(0, 6) represents the respondent-specific random variation that is assumed to
be iid, and e;;~N(0,02) represents all other unobserved factors and is assumed to be
independent of v;. The contribution of the panel-level variance to total variance can be

o4

computed as p = .
p P = Stvar

3.4.3. Principal component analysis

PCA is a multivariate technique widely used for data reduction purposes. This could be
situations where one is dealing with a set of highly correlated variables, such as food
frequency questionnaires, where the objective is to reduce the large number of observed
variables to a smaller subset of principal components. The methodology in PCA is to generate
the set of linear combinations of random variables that have the maximum variance. I follow
Joreskog, Olsson, and Wallentin (2016) in specification of the PCA model. Let x = (x4, ..., x;,)’
be a vector of p observed random variables, and ¢ = (c;, ..., ¢,)" a vector of uncorrelated
components constructed from linear combinations of p variables in x such that:

c=Ax (3)
where A is a p X p matrix representation of linear transformation of xs, in which column j is
the vector of linear transformation generating c;. PCA’s objective is to maximize the variance
of the normed linear combinations:®

Maximize var(c) = A'2A Subjectto A'A =1 (4)
where X denotes the covariance matrix of x. The maximization problem is solved by
maximizing the Lagrangian function £ = A’YXA — T (A’A — I), where T is a diagonal matrix of
p Lagrangian multipliers; y. The first-order conditions (FOCs) in the maximization problem
can be presented as (i) XA =T'4 and (ii) A’A = I. The condition (i) implies that ys are the

eigenvalues of  with associated eigenvectors represented in columns of A. Moreover, using

9 Normed linear combination of p random variables; a,x; + --- + a,x,, is defined such that a? + -+ a,z, =1
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(ii) and some matrix manipulation one can show that A’24 =T, which implies that the
eigenvalues; ys, are in fact the variances to be maximized.

From p random variables, one can extract p uncorrelated components, such that the
first component account for the most variance, the second component accounts for the
second most variance, and so on until all the variance in the data is accounted for. In practice,
one hardly ever retains all the principal components. Rather the first k components that have
largest eigenvalues are retained to capture the essence of most important variability in the
data, and the p —k remaining components are ignored. The k principal components
summarize the original set of observed variables in groups where a subset of variables vary
together. Once k principal components are retained, scores for these principal components

can be predicted, and be used for subsequent analyses.

3.4.4. Confirmatory factor analysis

There are two types of factor analysis (FA): exploratory factor analysis (EFA) and
confirmatory factor analysis (CFA). EFA is an exploratory data-driven technique to explore
the number of underlying factors that can best represent the data, while CFA uses a priori
specification of the number of factors, and a priori pattern of the associations among factors
and observed variables to test whether the specified patterns of associations represent the
actual data (Hair et al,, 2014:603).

PCA and FA have some apparent similarities, but they are different both in terms of
theoretical assumption and mathematical specifications. While FA assumes existence of
underlying latent factors, PCA does not make such assumption. The exiting latent factors in
FA are by definition unobservable and any attempt to measure these latent constructs would
inevitably be accompanied by a measurement error (Joéreskog, Olsson, and Wallentin, 2016:
287). These latent factors can, for example, be individuals’ cognitive abilities, personality
traits, etc.

To highlight the distinction as well as the apparent similarity between FA and PCA, I
follow Joreskog, Olsson, and Wallentin (2016). Start with Equation (3) for the specification
of the FA. Given A'A = I, an alternative formulation of Equation (3) is x = Ac. Now, assume

that we extract only k < p components:
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x = Aycy + z, (5)
where A}, is a matrix formed by the first k eigenvectors in 4, ¢, is a vector of the first k linear
combinations, and z is a vector representing the remaining p — k linear combinations
ignored; z = Ap_yc,_x. From a regression perspective, Equation (5) can be viewed as a
regression of the x on a set of uncorrelated variables c;, ..., ¢, with z as the vector of error
terms. Equation (5) resembles the general framework for the FA model:
x=AE+6 (6)
where & = (&, ..., &)’ denotes the vector of the k continuous latent factors, where k < p, and
A denotes the matrix of the factor loadings. 1° The A¢ is the common or shared variance of x,
while § = (8, ..., 6,)" denotes the vector of unique variances of observed variables in x,
which are independent of ¢. The latent factors &s are supposed to account for all the
intercorrelations among the observed variables, which implies that §; is independent of §;,
V i # j. The latter assumption illustrates the fundamental difference between PCA and FA.
In Equation (5), z; is not independent of z; ¥ [ # j, because they both have the vector of ¢,
in common.

It follows from Equation (6), that the covariance matrix of x is ¥ = A®A’ + ¥, where
@ denotes the covariance matrix of the latent factors, and W represents the covariance
matrix of §, which is a diagonal matrix. The latent factors are specified to be independent
from one another in the EFA. This independence assumption implies that @ is an identity
matrix. Whereas correlations among the latent factors are assumed to be present in CFA.
Additionally, the parameters in the matrix of the factor loadings; A, are all unconstrained in
EFA, whereas a subset of the p X k parameters in this matrix are restricted by a priori model
imposed in the CFA. Different estimation methods yield to different fit functions.
Nevertheless, all are based on the idea of minimizing the distance between the observed
covariance matrix of x, denoted by S, and the model covariance matrix denoted Z. Similar to
PCA, the scores of the factors from EFA or CFA can be predicted, and be used for subsequent

analyses.

10 For sake of simplicity, both x and ¢ are assumed to be measured in deviations from their mean.
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3.4.5. Latent class logit models

Latent class models are a set of modeling techniques which assume that an unobservable
heterogeneity exists that categorizes the population into homogenous subgroups (Masyn,
2013). I follow Train (2009) in the specifications below. Imagine we are interested in
modelling individuals’ choices between J alternatives of a product or service. In such cases,
yj can take 1, ..., ] values, where j is arbitrarily assigned to each alternative. The idea behind
the latent class logit (LCL) model is that individuals can be grouped into s = 1, ..., S different
segments, where each segment has its own set of taste parameters.

Define the utility that i obtains from alternative j as y;; = x;;Bs + e;;, where f is the
taste parameter in segment s, and e;; is the random error assumed to have a type-I extreme
value distribution (or Gumbel distribution). Therefore, f can take S possible values, each
with probability 7, that represents the share of population in segment s, where ¥5_; s = 1.
Then the conditional probability that individual i chooses alternative j given membership in

segment s takes the form of multinomial logit (MNL) model:

PG s) = Z,‘”“’(#“ i=1.,] 7).

1-; exp(xuBs)’
The unconditional probability that i chooses j can be expressed as P;(j) = Y5_, m.P;(j |s).

The segment probabilities 7 are also determined by probabilities of MNL form, and
can be specified to be a function of individual specific characteristics such as
sociodemographic factors or personality traits.

Instead of the discrete distribution for 8, one can assume a normal distribution to
account for heterogeneity across all individuals. Such assumption yields a random
parameter logit model (RPL) or mixed logit model. The RPL model captures more
heterogeneity than the LCL model. However, RPL captures the heterogeneity by allowing the
preference parameters to vary randomly across all individuals without explaining the source
of it, while LCL is useful in determining the source and understanding the underlying
structure of the preference heterogeneity among the consumers (Boxall and Adamowicz,
2002; Keane and Wasi, 2013). Boxall and Adamowicz (2002) argue that the heterogeneity
explained by LCL model is more useful for policy makers and marketing strategies than the

heterogeneity captured by RPL.
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3.5. Summary of the papers

Table 3 summarizes the main objectives, key variables, data, statistical models, and key

findings of each paper. Below, each paper is discussed in some more detail.

Paper I - Food values and personality traits: A comparative study between the United
States and Norway (co-author: Kyrre Rickertsen)

Motivation. According to conceptual models of food decision making process (e.g., Furst et
al,, 1996), individuals’ personality traits are among the factors that can influence preferences
over relative importance of food-related values. For each individual, food values are
arranged in order of importance on a continuum (Lusk and Briggeman, 2009). The relative
importance of each food value has an impact on individuals’ perception about the food, their
choice motives, and strategies developed to make food-related decisions (Furst et al., 1996).
Objectives. The main objective of this paper is to explore the role of the Big Five traits in
determining preferences over relative importance of the food values.

Data. The data was obtained from the OS conducted in Norway and the US in 2015.
Measurements and methods. The Big Five personality traits were measured using BFI-20,
and the five traits were calculated from the average scores of the associated items. The
relative importance of the food values was elicited using BWS method. The LCL model was
used in the analysis.

Results. Six distinct segments were found in each country. Four segments were relatively
similar across the countries and these segments were given identical names: health,
altruistic, rational, and hedonistic. In the health segment, safety, nutrition, and naturalness
were the most important food values. For the altruistic segment, safety, naturalness,
environmental impacts, and animal welfare