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Abstract

A second nutrition transition seems to be emerging towards more plant-based diets, curbing meat
consumption in developed countries at the beginning of the 21°% century. This shift suggests that
rational arguments tend to influence an increasing number of individuals to adopt vegetarian diets.
This work aimed to understand and simulate the impact of different types of messages on the choice to
change food diets at the individual level, and the impact of the diffusion of opinions at the collective
level. It provided two results: (1) a network of arguments around vegetarian diets is modelled using
an abstract argumentation approach. Each argument, formalized by a node, was connected with other
arguments by arrows, thus formalizing relationships between arguments. This methodology made it
possible to formalize an argument network about vegetarian diets and to identify the importance of
health arguments compared to ethical or other types of arguments. This methodology also identified
key arguments as a result of their high centrality in being challenged or challenging other arguments.
The results of constructing this argument network suggested that any controversy surrounding veget-
arian diets will be polarized around such high centrality arguments about health. Even though few
ethical arguments appeared in our network, the health arguments concerning the necessity or not of
animal products for humans were indirectly connected with ethical choices towards vegetarian diets; (2)
an agent-based simulation of the social diffusion of opinions and practices concerning meat consump-
tion is then introduced. The purpose of this simulation was to capture the balance of vegetarian vs.
meat-based diets. It contributes to modelling consumer choices by exploring the balance between indi-
vidual values and external influences such as social pressure, communication campaigns and sanitary,
environmental or ethical crises.
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1 Introduction

The first nutrition transition involved the in-
crease of sugar, fat, meat and processed products
in human diets (Popkin, ) and is the dom-
inant nutritional model today. Vranken, Aver-
maete, Petalios and Mathijs ( ) identified a
second nutrition transition that is occurring in
the most developed countries where meat con-
sumption is currently decreasing. The transition
towards the reduction of meat consumption cov-
ers a wide variety of practices ranging from oc-
casional vegetarianism to veganism (also called
“strict vegetarian”) (Beardsworth & Keil, ).
The rationale for such a transition mainly im-
plies ethical and health concerns (Jabs, Devine
& Sobal, ), but the environmental impact of
meat consumption is also highlighted to a lesser
degree (Ruby, ). McDonald ( ) conduc-
ted individual interviews with vegans and found
that their nutrition transition depended on a
catalytic experience that oriented individuals to-
wards information acquisition and ultimately led
to a decision to change diets. However, the in-
formation that led to the decision is not precisely
known among vegetarians. Under what condi-
tions are we likely to observe the emergence of
a second transition? This paper aims to under-
stand and simulate the impact of different types
of messages on the choice to change food diets at
the individual level, and the impact of the diffu-
sion of opinions at the collective level.

As a first step, we present a methodology to ex-
plore the main arguments and the relationships
between them that transitioning individuals may
face. The approach is based on the principles of
argumentation networks, an artificial intelligence
model based on the construction and evaluation
of interacting arguments. Most of the existing
models are grounded in the abstract argumenta-
tion framework proposed in Dung ( ). In this
framework, an argumentation system is defined
by a set of arguments A, and an attack relation
between arguments R. Sets of arguments that
“make sense” together are then computed and
are referred to as extensions. In a subsequent
study (Thomopoulos, ), various indicators
were defined to analyze argumentation systems
by highlighting consensual and non-consensual
aspects of the issue debated.
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As a second step, an agent-based simulation is
proposed. Following the theoretical approach of
Xie et al. ( ), argument networks may take
advantage of being used together with agent-
based modelling (ABM) to explore the emergent
establishment of new social norms in the specific
case of vegetarianism. Such a model can help un-
derstand the conditions under which such argu-
ments could circulate in a population and favour
the adoption of a vegetarian diet.

Agent-based models offer a way of taking
inter-individual heterogeneity, social interaction
and interdependence, adaptation, and decision-
making into account at different levels. In the en-
vironmental sciences, these models have proved
to be a way to capture complex characterist-
ics of socio-ecological systems (An, ; Ber-
ger, ; Epstein & Axtell, ; Filatova, Ver-
burg, Parker & Stannard, ; Matthews, Gil-

bert, Roach, Polhill & Gotts, ; Parker, Man-
son, Janssen, Hoffmann & Deadman, ; Ram-
mel, Stagl & Wilfing, ). In this family of

ABM studies, ecology and geography are domin-
ant (Castella, Trung & Boissau, ; Grimm,

; Parker et al., ; Railsback, Lytinen
& Jackson, ; Verburg & Veldkamp, ).
However, the social sciences are also present in
ABM approaches to assess and explain the com-
plexity of human decision-making processes and

behaviours (Epstein & Axtell, ; Janssen,

Walker, Langridge & Abel, ; Janssen & Os-

trom, ; Robinson et al., ; Schelling,
; Simon, ).

In the food sciences, historically based on
process-oriented studies, ABMs are absent from
the range of models used to approach food qual-
ity and, as a more recent concern, food sus-
tainability. Recent studies related to multi-
agent systems applied to the agri-food sector
are those based on the argumentation theory
(Bourguet, Thomopoulos, Mugnier & Abecas-
sis, ; Thomopoulos, Croitoru & Tamani,

; Thomopoulos, Moulin & Bedoussac, ).
However, social issues are deeply involved in food
system sustainability. Consumer demand, envir-
onmental awareness, willingness to pay, accept-
ability of products and the transmission of new
food habits are all key factors to analyze the food
system. Consequently, there is an urgent need
and a real challenge to take food-related social
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behaviors into account and to integrate them into
food policy analysis.

A previous approach for combining argumenta-
tion and simulation for decision support in food
systems was proposed in Thomopoulos et al.
( ). The simulation model considered in that
study was systems dynamics. In this paper, an
ABM simulation of the social diffusion of opin-
ions and practices concerning meat consumption
is proposed. It aims to capture the balance of
vegetarian vs. meat food diets. More specific-
ally, we aim to understand the balance between
individual values and external influences such as
social pressure, communication campaigns and
sanitary, environmental or ethical crises in the
decision-making of individuals with regard to
their food diet.

2 Materials and Methods

2.1 Argumentation Formalism

In order to model arguments involved in ve-
getarian transitions, we used an abstract argu-
mentation approach (Dung, ; Rahwan & Si-
mari, ; Thomopoulos, ). An argument-
ation system is usually represented as an oriented
graph where nodes are arguments and edges are
attack relations between arguments (Figure 1).
Considering Dung ( ) seminal work on argu-
mentation, an argument and the attack relation
are abstract and can be instantiated and defined
in different ways in different contexts (Walton &
Macagno, ). Dung himself stated: “an ar-
gument is an abstract entity whose role is solely
determined by its relations to other arguments.
No special attention is paid to the internal struc-
ture of the arguments.” For example, an argu-
ment can be a set of statements composed of a
conclusion and at least one premise, linked by an
inference or a logical relationship. Attacking an
argument can be achieved in different ways:

1. by raising doubts about its acceptability
through critical questions;

2. by questioning its premises;

3. by suggesting that the premises are not rel-
evant to the conclusion; or

4. by presenting an argument with an opposing
conclusion.

In all these cases, an attack relation is said to
exist.

Even though Dung’s framework is theoretically
sound, it is not straightforward enough to be ap-
plied to real-life situations. Indeed, one of the
initial difficulties is how to define an argument in
order to properly reflect stakeholders’ statements
in a debate. Unfortunately, there is still no gen-
eral model that can be used to formalize a natural
argument (i.e., an argument stated by a stake-
holder during a discussion in natural language)
and input in an abstract argumentation frame-
work in a real decision-making context. Quoting
Baroni and Giacomin ( ): “While the word
‘argument’ may recall several intuitive meanings,
like the ones of ‘line of reasoning leading from
some premise to a conclusion’ or of ‘utterance
in a dispute’, abstract argument systems are not
(even implicitly or indirectly) bound to any of
them: an abstract argument is not assumed to
have any specific structure but, roughly speak-
ing, an argument is anything that may attack or
be attacked by another argument.” Indeed, the
structure of an abstract argument does not cor-
respond to the intuitive understanding of what
an argument is. Moreover, the notion of “at-
tack between arguments” does not have a nat-
ural and direct correspondence to practical ex-
pressions used by stakeholders when debating.
Finally, representing arguments as an oriented
graph can be a difficult task for stakeholders:
when the number of arguments and/or attacks
is large, the graph becomes illegible and difficult
to interpret by the stakeholders. For all these
reasons, the ways that arguments and attacks are
identified and modelled is part of the project con-
tributions. They are thus presented in Section 3.

The arguments

In our project, we needed to find a practical way
of defining arguments that are used in the process
of decision-making. In such a context, arguments
can be intuitively thought of as being statements
to support, contradict or explain opinions or de-
cisions (Amgoud & Prade, ). More precisely,
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Figure 1: General graphical representation of an
argumentation system

in decisional argumentation frameworks (Ouerd-
ane, Maudet & Tsoukias, ), the argument
definition is enriched with additional features,
namely the decision (also referred to as ‘action’,
‘option’ or ‘alternative’) and the goal (also re-
ferred to as ‘target’). In other studies, argu-
ments are also associated with specific actors. An
application of a decision-oriented argumentation
framework to a real-life problem concerning food
policy can be found in Bourguet et al. ( ),
where a recommendation regarding the provision
of whole-grain bread was analyzed a posteriori.
In this case, each argument is associated with the
action it supports.

The attack relation

Now, let us consider the attack relation. In
structured argumentation (i.e., logic-based ar-
gumentation frameworks where arguments are
obtained as instantiations over an inconsistent
knowledge base) three kinds of attacks have been
defined: undercut, rebut and undermine (Be-
snard & Hunter, ). The intuition of these
attack relations is either to counter the premise of
the opposing argument (‘undercut’), the conclu-
sion (‘rebut’) or to attack the logical steps that
allowed the inference between the argument’s
premise and conclusion (‘undermine’). In ab-
stract argumentation, the set of attacks is simply
considered as provided a priori. Another possib-
ility that can be considered is to enhance the ar-
gumentation framework with a set of preferences
expressed, for instance, as weights representing
uncertainty. In our project, we needed to choose
a practical way to define the attack relation.
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2.2 Agent-Based Modeling

Agent-based models are computational models
used to simulate the actions and interactions of
individual or collective autonomous agents in or-
der to assess their effects on the system as a
whole. They attempt to reproduce and pre-
dict the emergence of complex phenomena in-
duced from the micro-scale to the macro-scale.
Their principle is that simple local behavioural
rules generate complex global behaviour. An
overview of their early history can be found in
Samuelson ( ), and more recent developments
in Samuelson and Macal ( ). The model
introduced was built and run on two different
agent-based modelling and simulation platforms,
namely CORMAS and GAMA (Taillandier et al.,

). The CORMAS platform (http://cormas.
cirad.fr/) was specifically developed by CIRAD
— the French international cooperation organiza-
tion for agricultural research in the global South
— to simulate natural resource management, and
is oriented towards the representation of inter-
actions between stakeholders about resource use.
In CORMAS, entities are categorized into three
types: spatial entities describing the space at dif-
ferent aggregation levels, passive entities that are
objects that can be manipulated by social agents,
and social entities that can make decisions, move,
and interact with other agents. The GAMA plat-
form platform (http://gama-platform.org) was
developed by a consortium of research teams
using the JAVA language. It is generalist in
its application domains and is particularly well-
suited for connection with geographical informa-
tion system data and visualization.

3 Results and Discussion
3.1 Argumentation Results

Contributions to Modelling
Arguments and Attacks

We introduced the specification of an argument
as a tuple a = (I;T;S;R;C;A;Is;Ts) where:

I was the identifier of the argument;
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T was the type of the argument (with values in
favor of, denoted by ‘+’, or against, denoted
by ‘-’, the vegetarian option);

S was the statement of the argument, i.e., its
conclusion;

R was the rationale underlying the argument,
i.e., its hypothesis;

C was the criterion on which the argument re-
lies;

A was the actor who proposes the argument;

Is was the information source containing the ar-
gument;

Ts was the type of source the argument comes
from.

For any argument a, we denoted by I(a),
T(a), S(a), R(a), C(a), A(a), Is(a), Ts(a), the
identifier, the type, the statement, the rationale,
the criterion, the actor, the information source
and the information type of argument a, re-
spectively.

Considering the reality of stakeholders’ debates
and our model to formalize arguments, we chose
to model the attack relation in the following
way. Attacking an argument a was achieved by:

1 explicitly raising doubts about its acceptab-
ility by expressing a counter-argument citing
a or the information source containing a;

2 implicitly raising doubts about its acceptab-
ility by expressing a counter-argument con-
tradicting a through undercut, rebut or un-
dermine. Formally, we considered the fol-
lowing attack relation:

Let a and b be two arguments. Then, a attacks
b if and only if the following two conditions are
satisfied:

T(a) # T(b) (1)
{R(a),S(a)} = not{R(b),S(b)}  (2)

The first condition expresses the fact that one of
the arguments a and b is in favour and the other

against the vegetarian option. The second con-
dition expresses the inconsistency of a and b, i.e.,
if the hypothesis and the conclusion of argument
a are assumed to be true, then the hypothesis of
b or the conclusion of b, or both, do not stand.

Exploring the Literature

Following the above formalism, we extracted ar-
guments in favour or not of reducing animal
product consumption. Our sources of arguments
were newspapers, grey literature and the top ten
Google search words (“vegetarian diet”; “vegan
diet”; “vegetalism argument”). The latter in-
quiry was added to the pool of popular scientific
papers, WebMedia articles and blog posts. We
thoroughly read each source and extracted all of
the arguments as expressed by their authors. For
each argument, we attributed a criterion (“Nu-
tritional”; “Economic”; “Environmental”; “An-
thropological”; “Ethical”; “Health” or “Social”)
and noted the source expressing this argument
(“Journalist”; ”Scientist”, ”Philosopher”; ” Blog-
ger” etc.). We consequently obtained 114 argu-
ments.

Table 1 displays a sample of the set of argu-
ments considered in our case study. Each ar-
gument was first formalized by an identification
number, whether it was in favour or not of meat
reduction diets (+/-), its main statement and ra-
tionale such as: “Vegan diet is related to vitamin
B12 deficiency” (Statement) since “plants do not
contain vitamin B12” (Rationale). Other in-
formation (Actor, Information source & Type of
source) characterized the origin of the argument.
Based on this first step, we then formalized at-
tacks between them. An attack occured when
an argument contradicted another one. For ex-
ample, the argument “1” quoted above is contra-
dicted by the following argument “28 - Properly
planned vegetarian or vegan diets fit all stages
of life” since “Nutrient needs are satisfied and
growth is normal.” When these arguments are
graphically formalized, each one is represented
as a node, and an attack is a vertex connecting
both arguments where the arrow points to the
direction of the attack. In our case study, we
identified 155 attacks connecting 55 arguments
out of a total of 114.
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Table 1: Sample of Argument Tuples about Reduced Meat Consumption (I: Identification; T: Type; Is: Information source; Ts: Type of

source)
I T Statement Rationale Criterion Actor Is Ts
1 - Vegan diets are deficient in vitamin B12 Plant proteins do not contain vitamin B12 Nutritional Journalist Canard Enchainé - Newspaper
144 - July 2017
7 +  Persons not consuming animal products do not have ~Combined protein intakes ensure a balanced diet Nutritional Innovation cluster  Valorial PowerPoint
health issues related to proteins
15 - Plant proteins trigger allergies Plant-based food are more often allergenic Nutritional Innovation cluster  Valorial PowerPoint
23+ Vegetarian diets are good for health Diabetes, cancer and coronary risks are reduced Health Scientists Tilman and Clark (2 Scientific paper
28  + Properly planned vegan or vegetarian Nutrient needs are satisfied and growth is normal Health American Dietetic ~ Craig and Mangels (2 Scientific paper
diets fit all stages of the life cycle Association
43+ Vegan diets improve rheumatoid arthritis activity A diet-induced fecal flora change was observed Health Scientists Peltonen et al. (1997) Scientific paper
55  + Eating meat is not in human nature It was sometimes necessary in the past to eat meat, not today Anthropological  Blogger pro-vegan  Blog - Eleusis Blog post
and Megara
56  + Stopping eating animals does not mean animal Deforestation for the cultivation of animal feed provokes Environmental ~ Blogger pro-vegan Blog - Eleusis Blog post
extinction species extinctions and Megara
57  + Animal products are not essential to good health B12 intakes in animal products come from B12 industry Nutritional Blogger pro-vegan  Blog - Eleusis Blog post
production anyway and Megara
71 - No study is favourable to the vegan diet One good-quality study showed that the Atkins diet is better Health Journalist Signs of the Internet article
than the Ornish diet Times
72 - No study is favourable to the vegan diet Study showing health and mortality advantages from a Health Journalist Signs of the Internet article
vegetarian and vegan diet do not show causation Times
77 - No health reason justifies avoiding animal products =~ The human body has been adapted to eating animal products Health Journalist Signs of the Internet article
for millions of years Times
83 - Vegan diet safety is not proven So far, scientific studies do not have much value and especially Health Philosopher Huffington Blog post
on long-term effects. Post
108 + Animal products are useless for your health The American Dietetic Association says so Nutritional Website editor VeganFrance.fr Web directory
111  + There is no health issue with a balanced vegan diet It is recognized by many governmental and non-governmental organi-  Health Philosopher Blog — Frédéric Blog post

zations. Dieticians from Canada even say it has advantages for health

Coté-Boudreau
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Figure 2: Graphical Representation of Arguments and Attacks about Reduced Meat Consumption

Graphical representation of the
argument network

In order to make a graphical representation of
the argument network, we used the visualization
program Yed Graph Editor (version 3.17.1). We
chose to represent only arguments that were con-
nected with at least one attack. Hence, 55 argu-
ments were kept and 59 were rejected. The result
is displayed in Figure 2. Each number corres-
ponds to one argument expressed by one source.
Arguments were grouped in dashed lines accord-
ing to the criterion they were based on, which
is indicated in the legends (Nutritional, Ethical,
etc.). Each argument node received a specific
colour according to its source (e.g., pink for ar-
gument 1 from the newspaper “Le Canard En-
chainé”, No. 144, published in July 2017, blue
for arguments 2 to 16 from the Valorial compet-
itiveness cluster’s presentation, etc.). For visual-
ization purposes, we merged identical arguments
in the same node when they were repeated and
came from the same source.

LJFS | April 2021 | Volume 10

3.2 Agent-Based Simulation

Results

Conceptual model

Scenario Description

The system modelled was a country consisting
of a population of N citizens. Each citizen
was characterized by: (i) a constant level of
need for quality regarding food (environmental
preservation, ethics, health, taste, etc.); (ii) a
variable level of perception of meat products cor-
responding to these criteria. Depending on these
two levels, citizens had a behaviour regarding
their food diet - either meat consumers if their
perception exceeded their needs, or vegetarian
if their needed exceed their perception. This
principle is represented in Figure 3. Moreover,
each citizen had some resistance to change,
represented by the resistance rate.
Within this system, each citizen communic-
ated with his/her direct neighbours and may
then have changed his/her perception of meat
consumption and, consequently, his/her diet.
Citizens were also influenced by advertising
campaigns that target every citizen and tend to
increase meat product perceptions in the whole
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1.0: High perception of meat

perception
level

Meat perception > need
-> meat consumer

need level

0.0: Low perception of meat

Figure 3: Behavioural model of food diet choice

country. Finally, crises broke out with a given
frequency. These represented, in particular,
sanitary crises and, more generally, ethical
or environmental crises. All of the citizens
received the information, all the more since they
were spatially close to the crisis event. Their
perception of meat products may have been
impacted.

Initial parameters subject to stochasticity in-
cluded the distribution of need and perception
levels in the population with respect to some
initial proportions of vegetarians and meat
consumers. The output parameter observed was
the evolution of food diets over time.

Working Hypotheses

The ABM developed was based on the following
assumptions:

e A cognitive theory of food perceptions and
needs. This was where the ABM was related
to arguments in favour or not of a diet, and
where the importance attached to the cri-
teria underlying arguments for a given diet
was expressed as a level of needs. The failure
of a food diet to be perceived as being con-
sistent with these needs led to a behavioural

change in the ABM, which could not be cap-
tured by the argumentation system alone.
In Schluter et al. (2017), six categories of
human decision-making behaviours in socio-
ecological systems are described. In the
present, paper, we drew on the “habitual be-
havior”, described by the following charac-
teristics (quoting Schluter et al. (2017)):

‘Behavior is initially deliberate and goal-
directed’

‘if new behaviour is rewarded, the chances
increase that it will be repeated’
‘repeatedly obtaining satisfactory rewards
reinforces the behaviour’

‘the selection of behaviour will be automatic
as long as needs are satisfied’

‘the actor will stop automatic behaviour
and deliberate about alternative behaviours
if need satisfaction drops below a critical
level’

‘if the reward devalues or disappears,
habitual behaviour persists at first, but will
go extinct after longer absence of reward.’

e Three triggers for vegetarian/meat product
demand:

— occurrence of sanitary, environmental
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Figure 4: A running simulation in CORMAS

and ethical crises;
— neighbourhood effect;

— advertising campaigns.

The influences of these triggers were as-
sumed to follow the opinion diffusion model
(Deffuant, Amblard, Weisbuch & Faure,
2002). An opinion (in this case, a percep-
tion of meat products) was represented by
a numerical float value between 0.0 and 1.0,
initialized with a random value that was less
than needs for vegetarians, and greater than
needs for meat consumers. At each step,
agents consulted their neighbours and up-
dated their opinions as follows. When agent
x consulted his/her n neighbours yi (i € [1;
nl), his/her new opinion op became:
ope(t+1) = rRxopy(t) + (1 —rR) x opy, (1),

(3)
The resistance rate rR was a parameter of
the simulation, i.e., a number in [0.0, 1.0]
and op is the mean opinion.

Simulations Results

Figure 4 displays a running simulation of the
model developed, implemented in the CORMAS
platform. The left part shows consumer percep-
tions of meat products (the darker, the higher).
The right side displays the resulting food diets:
green for vegetarians, red for meat consumers.
The yellow stars depict the occurrence of a crisis
that tends to decrease people’s perceptions of
meat products, all the more since the crisis local-
ization is close. The pink circles depict the occur-
rence of an advertising campaign that tends to
increase people’s perceptions of meat products.
Although localized (in order to visualize them),
advertising campaigns were nationwide and im-
pacted every citizen, as already mentioned.
Figure 5 shows a running simulation of the same
model, implemented in the GAMA platform. As
in CORMAS, food diets are represented in green
for vegetarians and in red for meat consumers.
Perceptions of meat products are represented by
the sizes of the circles (the larger the circle, the
higher the perception). The left part of the
screen makes it possible to display and easily
modify simulation parameters.
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Figure 7: Combined effects of the initial proportion of vegetarians and of the radius of crises

Each step was been calibrated to correspond to
about one month, so that the whole simulation
corresponded to approximately 15 to 20 years.

Sensitivity Analysis

Sensitivity analysis raw results are given in Fig-
ures 6 to 9 and further commented in Section 3.3.
The parameters analyzed are, respectively:

e the ratio between the frequencies of crises
and communication campaigns (Figure 6);

e the initial proportion of vegetarians (Figure
7);

e the radius of crises (Figure 7);
e the progression over time of the resistance

rate, constant or adaptive (Figure 8). In
the latter case, the resistance rate tended to

increase for individuals who had already ex-
perienced a food diet change, reflecting some
“no going back” effect;

e the introduction of resistance to communic-
ation campaigns (Figure 9);

e the introduction of a selective influence of
neighbours, where those with perceptions
closer to the agent’s perception are more
carefully listened to (Figure 9).

3.3 Discussion

Our argument network structure revealed two
main elements in particular. First, it was ob-
served that arguments about Health were by far
the majority of the arguments identified. They
represented 47% of all of the 114 arguments iden-
tified and 63% of the arguments involved in at
least one attack. As a matter of comparison,
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Table 2: Comparison of argumentation and ABM models in this study.

In argumentation

In ABM

Modelling scale:

Values (regarding food diet)
Assessment (of food diet)
Influences

Resulting decision

The argument
Are represented as criteria of the arguments (health, etc.)
Are represented by the type (+ or -) of each argument

Arguments may attack each other and all arguments may influence public opinion
Is attached to each argument through its type. Viewpoints can be computed but

currently not quantified (e.g., through proportions).

The individual

Are synthetized by a level of needs for each individual
Are expressed by perception levels that vary over time
Triggers positively or negatively impact perception levels

Is attached to each individual through behavior (food diet).

Trends for the whole population emerge from individuals.
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Figure 8: Effect of the adaptive resistance rate

ethical arguments represent only 3% of all argu-
ments identified. Second, some key arguments
emerged due to their centrality. Three argu-
ments were involved in more than four attacks.
The first argument, grouped under identifica-
tion numbers 28, 57, 108 and 111 (the black
node in Figure 2), refered to a scientific paper
from the American Dietetic Association stating
that “Properly planned vegetarian or vegan di-
ets fit all stages of life” (Craig & Mangels, 2009).
The second argument, grouped under identifica-
tion numbers 71 and 72, was a journalist’s state-
ment that “No study is favourable to the vegan
diet”. The third argument, number 83, stated
that “vegan diet safety is not proven”, question-
ing the validity of scientific studies in this regard.
These arguments would probably be key argu-
ments in potential controversies about vegetarian
diets due to their generality and to their polar-
ized nature on the question of such diet viability
from a health perspective.

The major importance of health issues surround-
ing vegetarian diets was in line with findings in
Ruby (2012) review of vegetarian studies. In con-
trast the importance of ethical arguments that

was stressed by Ruby (2012) did not appear in
this modelling. This could be explained by the
more complex nature of ethical arguments as well
as our choice of search words in Google that fo-
cused on diets. However, from an ethical per-
spective, it seemed that the health issue (whether
or not vegetarian diets are healthy) was central
since vegetarianism may be defended from the
baseline of animal products not being necessary
for human health (Francione, 2015).

In this study, we built the network and proposed
a structural analysis. Abstract argumentation
led to further analysis and, in particular, the re-
jection of attacked arguments without any argu-
ment to defend them. Such analyses allow for
new indicators such as those that measure the
degree of controversy based on rejected argument
ratios (Thomopoulos, 2018; Thomopoulos et al.,
2017), which can better identify potential con-
troversies.

The present work illustrates a promising coup-
ling of the argumentation theory and agent-based
modeling. The use of ABM is complementary
since it allows for the exploration of conditions
under which arguments could spread in a pop-
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Figure 9: Effects of resistance to communication campaigns and of the selective influence of neighbours

ulation and favour the adoption of a vegetarian
diet. The way arguments build public opinion
and may lead to behavioural changes can be sim-
ulated by the ABM, whereas this dynamic cannot
be captured by the argumentation system alone.
A comparison of the argumentation and ABM
representations that emerged from this study is
proposed in Table 2.

The simulation results and, more specifically,
sensitivity analysis, showed that arguments in fa-
vour of meat reduction can be widely diffused
in the population and that the repeatability of
this result is dependent on several parameters.
Among them, the ratio between the frequencies
of crises and communication campaigns plays an
important part in the stability of the results ob-
tained over the simulations (Figure 6). It is in-
teresting to notice that the initial proportion of
vegetarians has little effect compared to that of
the radius of crisis impact (Figure 7). Moreover,

another parameter was demonstrated to impact
the stability of the model, namely the scalabil-
ity of the resistance rate. Indeed, when resist-
ance to change increases in the case of food diet
change, the results in terms of the final num-
ber of vegetarians are much more homogeneous
over the simulations (Figure 8). This observation
is confirmed in the particular cases where this
enhanced resistance affects consumer receptiv-
ity to communication campaigns and differently-
thinking neighbours (Figure 9).

A crucial issue in argument modelling and sim-
ulation is the completeness and the robustness
of the information collected. Of course, such a
complex issue could never pretend to be exhaust-
ive. So how can the question of completeness
be dealt with? A first possible direction is to
combine different types of information, in partic-
ular quantitative sources of information such as
large surveys which allow analyzing the repres-
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entativeness of different viewpoints, and qualit-
ative ones which allow the identification of nu-
ances. In this perspective, ongoing research ex-
tends the set of arguments elicited so as to in-
clude, on the one hand, quantitative results from
a survey of 2,000 people questioned on their cur-
rent and ideally intended food habits, and data
from the French National Institute of Statistics
and Economic Studies (INSEE) to model social
networks at the level of a city; and on the other
hand, qualitative results from 20 biographic in-
terviews that provide in-depth understanding of
the motivations, initiating events, brakes and fa-
cilitators of food diet changes on the long-term.
A second possible direction is to observe the evol-
ution of the plus-value brought by new informa-
tion sources in time. When no more substantial
novelty is brought, a fixed point is reached.
Another thorny issue is the perceived reliability
of arguments and its role in opinion dynamics.
Indeed, the way arguments are processed can also
be refined. Presently, argument perception de-
pends on the criteria addressed by the argument
and on the importance of these criteria for each
citizen. Other factors can impact the percep-
tion of an argument, in particular, the source
of the argument (Pornpitakpan, ). Hence,
messages from dubious sources can differentially
impact citizens’ responsiveness. Various types of
influencing agents can be distinguished, such as
lobbies, the government, companies, etc., with
various strategies to diffuse arguments.

4 Conclusions

The method presented here formalizes arguments
and attacks around vegetarian diets using an ab-
stract argumentation approach. The argument
network revealed the foremost importance of
health issues surrounding vegetarian diets. The
centrality of some of the arguments in the net-
work allowed for identification of potential key
arguments and/or controversies. The import-
ance of health arguments in relation to ethical
arguments should be further researched.

Argument networks take advantage of being used
together with ABM to explore the emergent es-
tablishment of new social norms in the case of ve-
getarianism. The overall research demonstrates

the potential of developing an ABM to pre-
dict the triggers impacting the dynamics of food
habit changes. Crises — sanitary, environmental
and ethical — lead to the adoption of vegetarian
products by consumers. The results indicated
that there is the potential of extending the reach
of nutrition transition by acting on several para-
meters: counterbalance of advertising campaigns
by awareness campaigns, wide diffusion of aware-
ness messages, and measures encouraging people
to maintain their new habits and deterring them
from backing down.

An interesting issue to further investigate is how
public opinion is formed in the case of crises, in-
cluding situations where the assumptions that
the whole population is well informed and the
news is reliable do not hold.

Acknowledgements

The authors are grateful to the organizers of the
MISS-ABMS 2017 International Summer School,
for the support of the INRA “VITAMIN” pro-
ject, and for the networking support of the COST
Action CA15118 (FoodMC) project.

References

Amgoud, L. & Prade, H. (2009). Using argu-
ments for making and explaining decisions.
Artificial Intelligence, 173(3-4), 413-436.
doi:10.1016/j.artint.2008.11.006

An, L. (2012). Modeling human decisions in
coupled human and natural systems: Re-
view of agent-based models. FEcological
Modelling, 229(SI), 25-36. doi:10.1016/].
ecolmodel.2011.07.010

Baroni, P. & Giacomin, M. (2009). Semantics
of abstract argument systems. (pp. 25—44).
doi:10.1007/978-0-387-98197-0_2

Beardsworth, A. D. & Keil, E. T. (1991). Ve-
getarianism, veganism, and meat avoid-
ance: Recent trends and findings. British
Food Journal, 93, 19-24. doi:10 . 1108 /
00070709110135231

Berger, T. (2001). Agent-based spatial models
applied to agriculture: A simulation tool for
technology diffusion, resource use changes
and policy analysis. Agricultural Econom-

IJFS | April 2021 | Volume 10 | pages 133-149


https://dx.doi.org/10.1016/j.artint.2008.11.006
https://dx.doi.org/10.1016/j.ecolmodel.2011.07.010
https://dx.doi.org/10.1016/j.ecolmodel.2011.07.010
https://dx.doi.org/10.1007/978-0-387-98197-0_2
https://dx.doi.org/10.1108/00070709110135231
https://dx.doi.org/10.1108/00070709110135231

ics, 25(2-3), 245-260. doi:10.1111/j.1574-
0862.2001.tb00205.x

Besnard, P. & Hunter, A. (2008). Elements of
argumentation. MIT press Cambridge.

Bourguet, J.-R., Thomopoulos, R., Mugnier,
M.-L. & Abecassis, J. (2013). An artificial
intelligence-based approach to deal with ar-
gumentation applied to food quality in a
public health policy. Ezpert Systems with
Applications, 40(11), 4539-4546. doi:10 .
1016/j.eswa.2013.01.059

Castella, J. C., Trung, T. N. & Boissau, S.
(2005). Participatory simulation of land-
use changes in the northern mountains of
vietnam: The combined use of an agent-
based model, a role-playing game, and
a geographic information system. FEcology
and Society, 10(1).

Craig, W. J. & Mangels, A. R. (2009). Posi-
tion of the american dietetic association:
Vegetarian diets. Journal of the American
Dietetic Association, 109(7), 1266-1282.
doi:10.1016/j.jada.2009.05.027

Deffuant, G., Amblard, F., Weisbuch, G. &
Faure, T. (2002). How can extremism pre-
vail? a study based on the relative agree-
ment interaction model. J. Artificial Soci-
eties and Social Simulation, 5.

Dung, P. M. (1995). On the acceptability of ar-
guments and its fundamental role in non-
monotonic reasoning, logic programming
and n-person games. Artificial Intelligence,
77(2), 321-357. doi:10.1016,/0004-3702(94)
00041-X

Epstein, J. & Axtell, R. (1996). Growing artifi-
cial societies: Social science from the bot-
tom up. doi:10.2307/20048043

Filatova, T., Verburg, P. H., Parker, D. C.
& Stannard, C. A. (2013). Spatial agent-
based models for socio-ecological systems:
Challenges and prospects. Environmental
Modelling € Software, 45, 1-7. doi:10 .
1016/j.envsoft.2013.03.017

Francione, G. L. (2015). Animal rights: The ab-
olitionist approach. Exempla Press.

Grimm, V. (1999). Ten years of individual-
based modelling in ecology: What have we
learned and what could we learn in the fu-
ture? Ecological Modelling, 115(2-3), 129-
148. d0i:10.1016/50304-3800(98)00188-4

148 ‘ Thomopoulos et al.

Jabs, J., Devine, C. M. & Sobal, J. (1998).
Model of the process of adopting veget-
arian diets: Health vegetarians and ethical
vegetarians. Journal of Nutrition FEduca-
tion, 30(4), 196-202. doi:10.1016 /S0022-
3182(98)70319-X

Janssen, M. A., Walker, B. H., Langridge, J. &
Abel, N. (2000). An adaptive agent model
for analysing co-evolution of management
and policies in a complex rangeland sys-
tem. FEcological Modelling, 131(2-3), 249-
268. doi:10.1016/S0304-3800(00)00256-8

Janssen, M. A. & Ostrom, E. (2006). Empir-
ically based, agent-based models. Ecology
and Society, 11(2).

Matthews, R. B., Gilbert, N. G., Roach, A., Pol-
hill, J. G. & Gotts, N. M. (2007). Agent-
based land-use models: A review of applic-
ations. Landscape Ecology, 22(10), 1447-
1459. doi:10.1007/s10980-007-9135-1

McDonald, B. (2000). ”"once you know some-
thing, you can&apos;t not know it” an
empirical look at becoming vegan. Soci-
ety and Animals, 8, 1-23. doi:10.1163 /
156853000X00011

Ouerdane, W., Maudet, N. & Tsoukias, A.
(2010). Argumentation theory and decision
aiding. Trends in Multiple Criteria De-
cision Analysis, 142. doi:10.1007 /978-1-
4419-5904-1_7

Parker, D. C., Manson, S. M., Janssen, M. A.
Hoffmann, M. J. & Deadman, P. (2003).
Multi-agent systems for the simulation of
land-use and land-cover change: A review.
Annals of the Association of American
Geographers, 93(2), 314-337. doi:10.1111/
1467-8306.9302004

Peltonen, R., Nenonen, M., Helve, T., Hanninen,
O., Toivanen, P. & Eerola, E. (1997).
Faecal microbial flora and disease activity
in rheumatoid arthritis during a vegan diet.
Rheumatology, 36(1), 64-68. doi:10.1093/
rheumatology/36.1.64

Popkin, B. M. (1993). Nutritional patterns and
transitions. Population and Development
Review, 19(1), 138-157. doi:10 . 2307 /
2938388

Pornpitakpan, C. (2004). The persuasiveness of
source credibility: A critical review of five
decades’ evidence. Journal of Applied So-

IJFS | April 2021 | Volume 10 | pages 133-149


https://dx.doi.org/10.1111/j.1574-0862.2001.tb00205.x
https://dx.doi.org/10.1111/j.1574-0862.2001.tb00205.x
https://dx.doi.org/10.1016/j.eswa.2013.01.059
https://dx.doi.org/10.1016/j.eswa.2013.01.059
https://dx.doi.org/10.1016/j.jada.2009.05.027
https://dx.doi.org/10.1016/0004-3702(94)00041-X
https://dx.doi.org/10.1016/0004-3702(94)00041-X
https://dx.doi.org/10.2307/20048043
https://dx.doi.org/10.1016/j.envsoft.2013.03.017
https://dx.doi.org/10.1016/j.envsoft.2013.03.017
https://dx.doi.org/10.1016/S0304-3800(98)00188-4
https://dx.doi.org/10.1016/S0022-3182(98)70319-X
https://dx.doi.org/10.1016/S0022-3182(98)70319-X
https://dx.doi.org/10.1016/S0304-3800(00)00256-8
https://dx.doi.org/10.1007/s10980-007-9135-1
https://dx.doi.org/10.1163/156853000X00011
https://dx.doi.org/10.1163/156853000X00011
https://dx.doi.org/10.1007/978-1-4419-5904-1_7
https://dx.doi.org/10.1007/978-1-4419-5904-1_7
https://dx.doi.org/10.1111/1467-8306.9302004
https://dx.doi.org/10.1111/1467-8306.9302004
https://dx.doi.org/10.1093/rheumatology/36.1.64
https://dx.doi.org/10.1093/rheumatology/36.1.64
https://dx.doi.org/10.2307/2938388
https://dx.doi.org/10.2307/2938388

Reduced Meat Consumption Modelling and Simulation ‘ 149

cial Psychology, 34(2), 243-281. doi:10 .
1111/j.1559-1816.2004.tb02547 .x

Rahwan, I. & Simari, G. (2009). Argumentation
in artificial intelligence. doi:10.1007 /978-
0-387-98197-0

Railsback, S. F., Lytinen, S. L. & Jackson,
S. K. (2006). Agent-based simulation plat-
forms: Review and development recom-
mendations. Simulation-transactions of the
Society for Modeling and Simulation In-
ternational, 82(9), 609-623. doi:10.1177/
0037549706073695

Rammel, C., Stagl, S. & Wilfing, H. (2007).
Managing complex adaptive systems - a
co-evolutionary perspective on natural re-
source management. Fcological Economics,
63(1), 9-21. doi:10.1016/j.ecolecon.2006.
12.014

Robinson, D., Brown, D., Parker, D.,
Schreinemachers, P., Janssen, M., Huigen,
M., ... Barnaud, C. (2007). Compar-
ison of empirical methods for building
agent-based models in land use science.
Journal of Land Use Science, 2, 31-55.
doi:10.1080/17474230701201349

Ruby, M. B. (2012). Vegetarianism. a blossom-
ing field of study. Appetite, 58(1), 141-150.
doi:10.1016/j.appet.2011.09.019

Samuelson, D. (2000). Designing organizations.
OR/MS Today, 27, 6. Retrieved from https:
/ / www . informs . org / ORMS - Today /
Archived - Issues / 2000 / orms - 12 - 00 /
Designing-Organizations

Samuelson, D. A. & Macal, C. M. (2006). Agent-
based simulation comes of age. OR MS
TODAY Institute for Operations Research
and the Management, 33(4), 34.

Schelling, T. C. (1971). Dynamic models of
segregation. Journal of Mathematical So-
ciology, 1(2), 143-186. doi:10 . 1080 /
0022250X.1971.9989794

Schluter, M., Baeza, A., Dressler, G., Frank, K.,
Groeneveld, J., Jager, W., ... Wijermans,
N. (2017). A framework for mapping and
comparing behavioural theories in models
of social-ecological systems. Fcological Eco-
nomics, 131, 21-35. doi:10.1016 /j.ecolecon.
2016.08.008

Simon, H. A. (1997). Models of bounded rational-
ity: Empirically grounded economic reason.
MIT press.

Taillandier, P., Gaudou, B., Grignard, A., Quang
Nghi, H., Marilleau, N., Caillou, P., ...
Drogoul, A. (2018). Building, composing
and experimenting complex spatial models
with the gama platform. Geolnformatica.
doi:10.1007/s10707-018-00339-6

Thomopoulos, R. (2018). A practical application
approach to argumentation for multicri-
teria analysis and decision support. Euro
Journal on Decision Processes, 6(3-4, SI),
237-255. doi:10.1007/s40070-018-0087-2

Thomopoulos, R., Croitoru, M. & Tamani,
N. (2015). Decision support for agri-
food chains: A reverse engineering
argumentation-based approach. FEcolo-
gical Informatics, 26(2, SI), 182-191.
doi:10.1016/j.ecoinf.2014.05.010

Thomopoulos, R., Moulin, B. & Bedoussac, L.
(2017). Combined argumentation and sim-
ulation to support decision: Example to as-
sess the attractiveness of a change in agri-
culture. (pp. 275-281).

Tilman, D. & Clark, M. (2014). Global diets
link environmental sustainability and hu-
man health. Nature, (515), 518-522. doi:10.
1038 /nature13959

Verburg, P. & Veldkamp, A. (2005). Introduc-
tion to the special issue on spatial mod-
eling to explore land use dynamics. Inter-
national Journal of Geographical Inform-
ation Science, 19, 99-102. doi:10. 1080 /
13658810410001713362

Vranken, L., Avermaete, T., Petalios, D. &
Mathijs, E. (2014). Curbing global meat
consumption: Emerging evidence of a
second nutrition transition. Environmental
Science € Policy, 39, 95-106. doi:10.1016/
j-envsci.2014.02.009

Walton, D. & Macagno, F. (2015). A classific-
ation system for argumentation schemes.
Argument & Computation, 6(3), 219-245.

Xie, J., Sreenivasan, S., Korniss, G., Zhang, W.,
Lim, C. & Szymanski, B. K. (2011). Social
consensus through the influence of commit-
ted minorities. Physical Review E, 84 (1, 1).
doi:10.1103/PhysRevE.84.011130

IJFS | April 2021 | Volume 10 | pages 133-149


https://dx.doi.org/10.1111/j.1559-1816.2004.tb02547.x
https://dx.doi.org/10.1111/j.1559-1816.2004.tb02547.x
https://dx.doi.org/10.1007/978-0-387-98197-0
https://dx.doi.org/10.1007/978-0-387-98197-0
https://dx.doi.org/10.1177/0037549706073695
https://dx.doi.org/10.1177/0037549706073695
https://dx.doi.org/10.1016/j.ecolecon.2006.12.014
https://dx.doi.org/10.1016/j.ecolecon.2006.12.014
https://dx.doi.org/10.1080/17474230701201349
https://dx.doi.org/10.1016/j.appet.2011.09.019
https://www.informs.org/ORMS-Today/Archived-Issues/2000/orms-12-00/Designing-Organizations
https://www.informs.org/ORMS-Today/Archived-Issues/2000/orms-12-00/Designing-Organizations
https://www.informs.org/ORMS-Today/Archived-Issues/2000/orms-12-00/Designing-Organizations
https://www.informs.org/ORMS-Today/Archived-Issues/2000/orms-12-00/Designing-Organizations
https://dx.doi.org/10.1080/0022250X.1971.9989794
https://dx.doi.org/10.1080/0022250X.1971.9989794
https://dx.doi.org/10.1016/j.ecolecon.2016.08.008
https://dx.doi.org/10.1016/j.ecolecon.2016.08.008
https://dx.doi.org/10.1007/s10707-018-00339-6
https://dx.doi.org/10.1007/s40070-018-0087-2
https://dx.doi.org/10.1016/j.ecoinf.2014.05.010
https://dx.doi.org/10.1038/nature13959
https://dx.doi.org/10.1038/nature13959
https://dx.doi.org/10.1080/13658810410001713362
https://dx.doi.org/10.1080/13658810410001713362
https://dx.doi.org/10.1016/j.envsci.2014.02.009
https://dx.doi.org/10.1016/j.envsci.2014.02.009
https://dx.doi.org/10.1103/PhysRevE.84.011130

	Introduction
	Materials and Methods
	Argumentation Formalism
	Agent-Based Modeling

	Results and Discussion
	Argumentation Results
	Agent-Based Simulation Results
	Discussion

	Conclusions
	References

