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ABSTRACT

Social influence on opinion formation has attracted a large amount of research interest
over the years, being one of the most important social phenomena. In this paper, we
propose a general model that describes this process from an agent's point of view, where
the agent under consideration forms opinion on a topic. The model is based on a
philosophical concept attributed to Leibniz, the alphabet of human thoughts. In
particular, we use this concept to theoretically analyze the two fundamental aspects of
the phenomenon, namely opinion and influence. This enables us to naturally construct
the key parameters of the model. Also, unlike many literature models of opinion
formation under social influence, where the process is studied given a social network of
interacting agents, our model does not distinguish between influence coming from
within a network and influence coming from outside a network. Instead, all sources of
social influence are treated the same. In order to provide a framework for the potentially
vast number of such sources and make the model more practicable, we formulate an
assumption by combining results from research in two fields, namely research on the
size and structure of an individual's social network and research on political
socialization. The overall approach to constructing the model motivates us to have a
brief discussion about opinion and knowledge within a society and to suggest a
connection between opinion networks and knowledge networks. Finally, we evaluate
the model and the soundness of the assumption using data collected from
questionnaires. A number of 32 respondents answered questions concerning the
importance of the July 2019 national elections in Greece. The respondents were selected
to be young adults of ~24 years of age, so that the parental influence on political topics
is still significant and the accordingly designed questions could capture it. Conditions
for the representativeness of the sample were not required, since we are not interested in
making statistical inferences for an entire population but in the effectiveness of the
model in predicting each respondent's opinion. For the purposes of the evaluation, we
consider two groups of the respondents. The first group consists of all the respondents,
while the second group is formed by removing from the first group those respondents
whose influences are not adequately captured by the questions in the questionnaire. We
report a much greater effectiveness of the model in predicting opinions in the second
group, for which the necessary data is provided.

KEY WORDS

Social Influence, Opinion Formation, Modeling, Alphabet of Human Thoughts,
Knowledge



IHEPIAHYH

H xowvovikn emppon o1 Slopoépemor dmoyng £xel TPOCEAKVGEL HEYAAD EPELVNTIKO
EVOLPEPOV avh Ta ¥pOVIK, KOOMDC amotedel €va omd TO MO ONUOVTIKG KOW®VIKE
QOVOUEVO. XTO TAAICLO TNG TOPOVGAS EPYACING, TPOTEIVOVUE £VO YEVIKO LOVTELO TTOL
TEPLYPAPEL VTV TN OldIKAcio. od TNV OTTIKY €VOC TPAKTOPQ, OOV 0 VO eEETOON
TPAKTOPOS dpopP®VEL dmoymn yia éva 0épa. To povtého PacileTor 68 pior QIAOGOPIKT
évvola mov amodideton otov Leibniz, to oledPnto TV avOpdTIVOV OKEYEMV.
ZVYKEKPLUEVO, YPNOLOTOLOVUE OLTHY TNV EVVOL0 V1o VO ovoAvcovE BempnTikd Tig 600
BepeMddelc TV TOL EaVOUEVOL, dNANON TV Amoym Kot TV €mppon. Avtd pog
EMTPEMEL VO KATAGKELAGOVUE PLGIKA TIG Pacikég TapapuETpouvg Tov poviédov. Emiong,
oe avtifeon pe moAAA PPAMOypa@iKd LOVTEAN OLAUOPO®ONG ATOYNS VIO TO KAOEGTMS
KOW®VIKNG EMPPONG, 6mov 1 dtadikoacio peretdrol 0006vtog VoG KOVmVIKOD SIKTVOV
TPOKTOP®Y 7OV OAANAETOPOVY, TO HOVIEAO pog Oev Egxwpilel v emppor] Tov
TPOEPYETOL PEGO A0 €VOL SIKTVO OO TNV EMPPOT| TOV TPOoEPYeTOL amd EEm. Avtibeta,
OAEG 01 TNYEG KOWMVIKNG eMppong avtipetonilovtor pe kowd tpdmo. Ilpokepévon va
TOPEYOLUE €V TAOICIO Y. TOV OLVNTIKA TEPAOTIO aplBpd TETOIWV TNYOV Kol Vol
Kévovupe TO HOVIEAD MO TPOKTIKO, OlTLIM®VOLUE M. LOBeon  cuvovalovTog
AmOTELECUATO ATTO EPEVVEC GE OVO TOUEIC, GUYKEKPIUEVA EPEVVEG OYETIKA e TO UEYEBOC
Kol TN OOUN TOVL KOWMVIKOL OKTUOL €VOG OTOUOV Kol €PEVVEC YOl TNV TOALTIKN
Kowavikoroinon. H ocvvolkn mpocéyyion vy v KOTOOKELY] TOL HOVTEAOL MG
TAPOKIVEL VO KAVOLUE (o cuvTOUn GLINTNON OYXETIKA LE TN yvoun (dmoyn) kot T
YVOOTN HECH GE L0 KOWVOVIOL KOl Vo TPOTEivoue pia oHVOEST] HETAED TOV OIKTOWV
yvoung Kot yvoons. Téhog, a&lohoyobue 10 poviélo kot v opBdtnrta g voddeong
YPNOLOTOIDVTOS 0EOOUEVO TOV GLAAEYOVTOL amd epotnuatoldyla. ‘Evag apBuog 32
epOTNOEVIOV ATAVINGAV GE EPOTNCEIS CXETIKA LE TN CNUAGIO TOV EOVIKOV EKAOYDV
tov lovAiov 2019 oty EAAGSa. Ot eptnBévieg mov emA&yOnkav NTav veapol eVAKEG
nhxiog ~24 €10V, 1ol ®ote vo eEaKoAovBel vo elval CUAVTIKY 1) YOVIKY ETPPON| GE
TOMTIKE O€pata Kol Ot KOTAAANAO JLOUOPOOUEVES EPOTACEIS VO UTOPOVV Vo TV
oVAAGPBovy. Agv amontiOnkav mpobmobBEcelg Yy TV AVIUTPOCOTEVTIKOTNTO TOV
Oelypatog, KobmG dgv EVOLUPEPOLOCTE Y10, GTUTIGTIKG GUUTEPAGLOTO TOV APOPOVV GE
évav OAOKANPO TANOLOUO OAAG YL TNV OTOTEAEGUOTIKOTNTO TOV HOVTEAOL GTNV
npoPAeyn G dmoyne tov ke epwtdpevov. o tovg okomovs g agordynong,
Bewpodpe 600 opddeg Twv epotBéviov. H mpodtn opdda amotereitar amd GAOVS TOVG
epmOEVTEC, eV M 0e0TEPT Opdda oynuatiletol aEUPOVTINS Omd TNV TPOTN Opdd
TOVG EPMTNOEVTEG Y10 TOLG OTOIOVG Ol EMPPOES TOL BEXOVTOL OEV EVTOTILOVTOL EMOPKMDG
amd TG EPMTNOELS TOL gpwtnpatoroyiov. Ta gvpiuata deiyvouv moAD peyardTepn
OTOTEAECUATIKOTNTO TOV HOVTEAOL GTNV TPOPAEYN AmOYEWV GTN SEVLTEPT OUAOC, Yol
TNV 07Ol TOPEYOVTOL TOL ATTOPOATTO SEOOUEVOL.
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1 Introduction

The process of opinion formation has always been an integral part of humans'
behavior in societies. Given a certain topic, the way an individual forms an opinion is
inextricably linked with social interactions and, thus, determined by social influence.
Discovering the mechanisms of social influence is a key step towards understanding
individual and collective opinions being formed in a society.

Let us discuss the concept of opinion at an elemental level. The term opinion is
used as a synonym for belief, judgment, view or even idea, where the term idea captures
the meaning in a broader sense. An indirect but very helpful way of considering it is
through the distinction between opinion and knowledge. Ancient Greek philosopher
Plato described knowledge as “justified, true belief” or, as stated in [1], “knowledge
requires opinions to be true and moreover justified”. Therefore, knowledge may be
viewed as a subset of the set of opinions. Finally, opinions are closely related to
behaviors. As given in [2], “the expression of an opinion represents a behavior”.

Opinion formation takes place in a social environment and is influenced by it. Let
us assume that a member of a society holds a specific opinion on a certain topic at a
given moment in time. Before the member reaches this state, there is a process of
formation that the opinion goes through during which social influence takes place. Such
influence may be coming from a potentially large number of sources. For example, a
future voter forming an opinion on a political issue may be influenced by: parents and
other family members, friends, colleagues, political figures, scientists, celebrities, tv
personalities, newspaper articles, internet posts, favorite authors, fictional characters
in books, movies or tv series', historical figures, teachers dating back to school or
university years, memorable strangers involved in otherwise random everyday events
and more. All these sources — whether they are persons (living or deceased) or non-
human entities, real or fictional, close or distant, liked/admired or disliked/detested —
have social influence on opinion formation (sources of social influence).

1.1 Brief literature review

Many approaches to modeling opinion formation and dynamics (evolution of
opinion over time) under social influence have been proposed in the literature. For a
survey of the field, the reader may see [3]. Here, we provide a brief presentation of
certain models. The classic French-DeGroot model [4] describes a mechanism of
opinion formation — in particular, consensus formation — among the n agents of a group
in discrete time. For an agent i (1 <i < n), the agent's opinion at time t is denoted by
x;(t) € R and the weight given to any other agent j is denoted by a;;. So, agent i's
opinion attime t + 1 is formed as follows

xi(t+1) = a;1x1(t) + appxa(t) + -+ apx, (T)

American politician Joe Biden said, in an interview with NBC's “Meet the Press”, that the television
show “Will & Grace” increased awareness and acceptance of homosexuality in the American public
opinion. He said “I think 'Will and Grace' probably did more to educate the American public than
almost anything anybody's ever done so far”. In this case, the characters (Will, Grace or others) or the
show itself would be sources of social influence.



which is a weighted average of the agents' opinions at time t.

A generalization of this model is the Friedkin-Johnsen model [5], which captures
persistent disagreement in addition to consensus; it is one of the few models of opinion
formation that has been experimentally validated for groups of small and medium size
[6]. The (linear) Abelson model [7] is a continuous-time counterpart of the French-
DeGroot model and is extended by the Taylor model [8], which additionally considers
sources of fixed opinions that influence the agents' opinions.

The models mentioned so far are linear and thus, linear methods and tools (such
as Markov chains or matrix theory) can be used to promote the analysis. On the other
hand, the bounded confidence models [9, 10] are non-linear; the agents influence each
other only if their opinions are close enough (as defined by a threshold). As a result of
the non-linearity aspect and the restrictions imposed (since, for example, Markov chains
cannot be applied here), the analysis of these models is heavily based on computer
simulations. Finally, in all the previously mentioned models, the agents' opinions are
represented by continuous values. An example (of a model) which uses discrete values
for the opinions is the voter model, independently introduced by Clifford, Sudbury [11]
and by Holley, Liggett [12]. In a time-step of the model, if an agent's opinion is to be
updated, this is done by adopting the opinion of a randomly chosen neighbor, as defined
by the agent's position in the network under consideration.

1.2 The aim of the paper

In general, models of opinion formation under social influence involve weights,
parameters or thresholds in order to quantify certain aspects that determine the agents'
behavior; aspects like interpersonal and other influences, susceptibilities to
interpersonal influence, confidence levels or convergence. In this paper, we propose a
general model that predicts the agent's opinion on a topic; a model in which the
parameters are naturally constructed. Let us explain what we mean by “naturally
constructed”. The theory we develop, on which the model is based, approaches the
process of opinion formation (under social influence) from the point of view of the
agent that forms opinion. In that sense, one aim of the theory is to capture the agent's
internal mechanisms that determine how social influence affects the opinion being
formed. In the context of this theory, the parameters involved are constructed (not just
defined) in a way that their meanings emerge naturally. Of course, we do not know the
exact mechanisms which take place “inside” an agent and concern opinion formation.
As the authors in [13] write: “The random assignments of threshold account for the lack
of knowledge of intrinsic latent tendencies of nodes to adopt neighbor strategies”
(referring to the threshold involved in the Linear Threshold model [14], which is a
diffusion model for the spread of an idea through a social network). However, given
certain assumptions, we believe that it is possible to introduce such a theory, from the
agent's point of view.

So, we construct a model of social influence on opinion formation, based on a
theory that enables two things. First — as we mentioned — the parameters are naturally
constructed. This provides a better understanding of what these parameters contribute to
the model and therefore, a possibly more flexible design of simulations. Second — as
will be further discussed in the next two paragraphs — a framework is provided for the
agent's social set to be captured with no need to explicitly represent it. Let us note that
by the agent's social set, we mean the set of all the sources that socially influence the
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agent's opinion formation, as in the example of the future voter mentioned above. This
will be mainly appreciated when dealing with real data.

Given the literature models we talked about, a model of opinion formation
typically considers a social network of interacting agents and, in that way, certain tools
derived from graph/network theory are unlocked. Enclosing the process of opinion
formation within such a visualized network of agents is an approach that can be
interpreted as external, taken from the modeler's point of view. It is an approach that
provides a “tangible” network to work with. For the impact of the social network on
opinion formation the reader may see [15], while for the (mathematical) study of social
networks, we suggest [16].

On the other hand, our model considers not a social network of interacting agents,
but an agent's social set as we defined it, which is taken from the agent's point of view.
We do not distinguish between influence coming from within a network and influence
coming from outside a network. Instead, all sources of social influence are treated the
same. Given a topic, we attempt to capture this social set in depth, taking under
consideration the potentially large number of sources that socially influence the agent's
opinion on the topic (the reader, again, may see the future-voter example). Of course,
identifying all these sources is an insurmountable task. That is why the proposed theory
provides a framework for the agent's social set to be captured without describing it
explicitly; in that way, the model becomes more practicable. In particular, we formulate
an assumption by combining results from research in two fields, namely research on
size and structure of an individual's social network and research on political
socialization.

To summarize, the overall aim of this paper is to establish a novel way of thinking
about and approaching the phenomenon of social influence on opinion formation. We
are more interested in studying opinion formation in its “free” form and less interested
in doing so under controlled conditions (e.g. given a social network structure or
population of interacting agents). This is reflected in the fact that the model considers
the agent's social set (theoretically, all the sources that socially influence the agent's
opinion formation).

1.3 The added value of the model

There are three remarks to be made as far as the added value of the proposed
model is concerned:

1) The theory is inspired by the alphabet of human thoughts, a philosophical
concept from Gottfried Leibniz. We use a version of this concept as a theoretical base
on which we build our model. In particular, we define concepts like simple idea and
simple opinion and use them to propose an analysis-decomposition of the fundamental
nature of opinion and influence. This analysis-decomposition makes a more detailed
description of the phenomenon possible. For example, we are able to distinguish
between the magnitude of a source's influence on the agent (how strong the influence is
on the agent) and the effect of a source's influence on the agent (whether the influence
makes the agent receptive to the source's opinion or rejective of it).

2) Given an agent that forms opinion on a topic, a basic parameter (of the
proposed model) represents the extent to which the agent is informed about the topic.
By using this parameter, we take into account the amount of total information collected
by the agent about the topic, both correct and false information; an agent may be
correctly informed or misinformed/disinformed, on the way to forming an opinion.

11



Unlike the literature models we talked about, which study how opinion evolves over
time, we promote a different kind of opinion dynamics based on this basic parameter. In
particular, as the extent to which the agent is informed about the topic increases (new
information is received by the agent) or decreases (existing information is forgotten by
the agent), the agent's opinion evolves.

3) We discuss the concepts of opinion and knowledge from a sociological
perspective and how they are perceived within a group of agents (society). We also
propose a connection between opinion networks (where opinions are formed and
spread) and knowledge networks (where knowledge is communicated).

The paper is organized as follows. In chapter 2, we present Leibniz's concept (the
alphabet of human thoughts) and use it in order to construct the theoretical basis of our
model. In chapter 3, we describe the model of social influence on opinion formation as
it approaches the problem from the agent's point of view and we provide a framework
for the model to be applied in a more practical way, under a certain assumption with
which we attempt to capture the agent's social set in a way consistent with reality. We
also describe the way opinion (networks) and knowledge (networks) are connected. In
chapter 4, we perform an evaluation of the model using data collected from
questionnaires, concerning opinions on the importance of the July 2019 national
elections in Greece and answered by a number of 32 respondents (young adults of ~24
years of age). We report and discuss the results of the evaluation.

2 The alphabet of human thoughts

Gottfried Leibniz [1646-1716] was one of the most important mathematicians and
philosophers of the Enlightenment and a true polymath. A lifelong interest and dream of
his was to create a universal language (“characteristic”) that would express all human
knowledge and that would be a calculus for reasoning at the same time [17, 18]. As
Couturat wrote, Leibniz describes that this language “would express the composition of
concepts by the combination of signs representing their simple elements, such that the
correspondence between composite ideas and their symbols would be natural and no
longer conventional” [17].

Let us consider an example to further understand what is meant by natural and
conventional. The word man is written as a combination of signs {a,m,n}, in a
conventional way. On the other hand, Leibniz wrote that “since man is a rational
animal, if the number of animal is a, for instance, 2, and the number of rational is r, for
instance, 3, the number of man, or h, will be 2x3 or 6” [19], where the concept man
would be expressed as a combination of signs {2, 3} representing the simple elements of
man (rational and animal). In this natural way, the logical (inter)relations of concepts
would be captured and thus, reasoning would be reduced to calculation. Of course, this
example (with numbers as signs and the above concepts as simple elements) was just an
analogy. For the universal language, Leibniz probably imagined it to involve points and
lines (forming geometrical figures) combined with a kind of pictures® [20]. For more on

2 As Leibniz writes [20] “... just as the ancient Egyptians did, and the Chinese do today. Their pictures,

however, are not reduced to a fixed alphabet... with the result that a tremendous strain on the memory
is necessary, which is the contrary of what we propose”. Leibniz also mentioned chemical and
astronomical signs as examples.
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Leibniz's program, his influences, the work of others and the universal language today,
the reader may see [19, 21, 22].

So, all complex concepts are expressed through different combinations of simple
concepts. Leibniz considered these simple concepts to be (innate) ideas deeply rooted in
every human's mind, ultimately simple and universally understood; he called them the
alphabet of human thoughts®. He wrote [23]: “Although the number of ideas which can
be conceived is infinite, it is possible that the number of those which can be conceived
by themselves is very small; because an infinite number of anything can be expressed by
combining very few elements... The alphabet of human thoughts is the catalogue of those
concepts which can be understood by themselves, and by whose combination all our
other ideas are formed”. For the above and more (concerning the alphabet of human
thoughts) and for the modern research on the related semantic primitives, the reader can
see [24].

To summarize, a complex idea is composed of simple ideas, which are elements
of the alphabet of human thoughts. This is all we need for a theoretical basis on which
our model will be constructed. We say “theoretical” because a practical alphabet of
human thoughts does not exist (at least not yet). And we say “all we need” because
certain aspects of the alphabet (as these were suggested by Leibniz), other than the
composition of complex ideas, will be of no use in the construction of our model. For
example, no specific signs are involved in our theory for the representation of simple
ideas. Moreover, the requirement that the number of elements in the alphabet of human
thoughts (the number of simple ideas) should be limited is not necessary; being limited
provides no added value to our model, but it did to Leibniz's project. Indeed, having a
large number of simple ideas (or even infinite) is much more natural and appropriate for
our model, as this will be appreciated in the discussion that follows.

Having said all that, the analogy which would be helpful to keep in mind
throughout this paper is the one that Leibniz gave and we mentioned above. This
analogy incorporates the key aspects of the alphabet of human thoughts according to our
needs. Let us be more specific. By the fundamental theorem of arithmetic [25], every
natural number greater than 1 can be represented in a unique way as a product of one or
more primes (the representation is unique, except for the order of the factors).
Therefore, prime numbers, which are infinite, can be viewed as the “building blocks” of
the natural numbers [26]. For example, it is 1176 = 23 x 3 x 72. If the number 1176
represented a complex concept ¢ and the primes 2,3,7 represented three distinct
simple ideas x,y,z of the alphabet of human thoughts, then concept ¢ would be
composed of {x,x,x,y,z, z}, which is a multiset (and not the set {x,y, z}, because then
information concerning the exact composition would be lost).

We can begin to construct the framework of our model. Let us consider an
alphabet of human thoughts, in the way we described it using the analogy with primes;
this alphabet is denoted by A. So, A is the set of simple ideas. Since an opinion is an
idea (fig.1), we can talk about complex opinions, as we do about complex ideas. A
complex opinion ¢ is composed of simple ideas s; € A, where j € N; in general, these
s; form a multiset which is denoted by A.. For example, if ¢ =1176 then we have

Ai176 =12,2,2,3,7,7}, where s; =s, =s3 =2, s, =3 and s; = s = 7 (we should

®  The idea of an inventory of innate concepts originated in the 17" century. Rene Descartes [1596-1650]

suggested that such concepts must be clear (by themselves) and indefinable. Leibniz added a third,
crucial property that the simple concepts in the alphabet of human thoughts should satisfy; these
concepts should serve as building blocks in the definition of other (complex) concepts.
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note again that the expression ¢ = 1176 makes sense only within the context of the
analogy with primes).

Ideas

Opinions

Fig.1. We assume that the set of opinions is contained in the set of ideas. An opinion can be
associated with the degree to which an agent or a source agrees or disagrees with it.

Now, let us consider an agent that forms opinion on a topic, under social
influence. This process of formation works as follows: the topic itself is viewed as an
opinion (the topic is an opinion®) and the degree to which the agent agrees or disagrees
with the topic-opinion is determined by social influence. As we have mentioned in the
introduction, this influence comes from the agent's social set, which consists of all the
sources that socially influence the agent's opinion. The complexity of the task prevents
us from being able to identify all these sources one by one, given an agent and a topic-
opinion°. But we can still propose two properties that a source of social influence should
satisfy. The first property is obvious:

P,) Given an agent and a topic-opinion, a source of social influence must be
within the scope of the agent's knowledge.

The agent needs to be aware of the source in order to be influenced by it. For example, a
book may contain useful information about the topic, but as long as the agent is not
aware of the book, no influence can come from it.

The second property needs more discussion. Influence is achieved through the
information that is communicated-transferred from the source to the agent. For example,
a politician communicates certain political views or the self-image of a family person to
a voter, an educational cartoon character offers useful information — in a friendly way —
to a child watching it, the memory of a deceased grandparent provides valuable advice

* For example, the general topic of climate change can be expressed in the form of an opinion like

“Climate change is real” (or any other equivalent statement) and an agent agrees or disagrees with this
topic-opinion to a certain degree.

When we refer to sources of social influence, we must always do it given a particular agent and a
particular topic-opinion. Let us explain why. Even for the same topic, different agents typically have
different social sets and, therefore, different sources of social influence (for example, they may have
been raised in different families or they may admire different historical figures etc.). Also, an agent
forming opinion on different topics may be influenced by different sources (for example, an agent
may be influenced by an article in a car magazine when thinking of buying a car, but not when dealing
with a family issue). So, the agent and the topic-opinion must be fixed when referring to sources of
social influence.
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or principles to be followed. Ultimately, all the information received by the agent from
a source is grouped together to form an idea — in the agent's mind — about the source. In
general, this idea (about the source) is a complex idea and, therefore, is composed of
simple ideas from the alphabet of human thoughts.

Given an agent k and a source i, the idea that the agent forms about the source is
called the profile of source i according to agent k and is denoted by p; ;. Of course,
different agents may form different ideas about the same source, since they may receive
different information (due to quality® of information and/or quantity of information)
from the source. When the agent is fixed and there is no ambiguity, the profile of source
i according to the agent will be simply denoted by p;.

We are now ready to state the second property. Let us remember that if c is a
complex idea, then A, is the multiset of its simple ideas. So:

P,,) Given an agent, a topic-opinion ¢ and a source i of social influence with
profile p; (according to the agent), we have

|A. N A, | >9(c) ,where 9(c) €N. (1)

It means that the number of common simple ideas between A, and A, must be greater

than the threshold 9(c), which is a function of topic-opinion c. In this way, a source i,
that influences the agent on topic-opinion ¢, communicates to the agent information that
is sufficiently relevant to the topic-opinion, since we assume that complex ideas with
common simple ideas have meanings relevant-similar to each other’. For example, let
us consider an agent that seeks advice (forms opinion) on a problem (topic-opinion) as
a parent; we expect that this problem and the information contained in a book on how
to be a good parent have more simple ideas in common than the problem and a
financial article in a newspaper.

In general, different topics may require different thresholds and that is why the
threshold depends on the topic-opinion (function of c). Whatever the case, 9(c) reflects
an inevitable element of arbitrariness. Finally, the second property is complete by
considering the following:

P,;) Given an agent and a topic-opinion c, a source i that satisfies (1) is a source
of social influence.

This means that a source (any source) which provides the agent with information
sufficiently relevant to the topic, influences the agent on the topic.

® By saying that they may receive information different due to quality, we mean scenarios like these: the
agents are exposed to seemingly the same piece of information from the same source, but one of the
agents receives a distorted version of it, or perceives it in a different way as a result of
misunderstanding etc.

”In order to make comparisons, we must consider comparable numbers of simple ideas. For example, let
us consider two pairs of complex ideas, ¢; and ¢, & c; and c,, where |4, | = |4.,| and |4, | = |A,,|

(comparable numbers). Then, if |4, N A4,,| > |A, NA.| , we can say that ¢, and c, are more

relevant to each other than c; and c, are relevant to each other (since the number of common simple

ideas between A, and A, is larger than the number of common simple ideas between A, and A4, ).
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3 Modeling from the agent’s point of view

3.1 Constructing the general model

In this chapter, we propose the model of social influence on opinion formation
based on the framework we described in the previous chapter. We should start by
expanding on something that we have mentioned briefly so far.

We have said that an opinion (topic-opinion) can be associated with the degree to
which an agent or a source agrees or disagrees with it. This degree can be (naturally)
expressed by a value ranging from —1 to +1. A value of +1 represents that the agent or
the source totally agrees with the topic-opinion, a value of —1 represents that the agent
or the source totally disagrees with the topic-opinion, a value of 0 represents that the
agent or the source has a completely neutral stance on the topic or has no opinion on the
topic. For values between 0 and +1, as the value becomes larger, it represents
agreement of greater intensity; for values between —1 and 0, as the absolute value
becomes larger, it represents disagreement of greater intensity. So, opinions — unlike
ideas in general — can be meaningfully associated with the following property: an agent
or a source agrees or disagrees with an opinion to a certain degree expressed by a value
v € [-1,+1].

At this point, let us make two important assumptions that we need for the
development of our theory. For these assumptions, we define the concept of simple
opinion. A simple idea that is also an opinion will be called simple opinion (fig.2). And
as we have already said, a complex opinion is composed of simple ideas. Now, the first
assumption is that a complex opinion is composed exclusively of simple opinions. In
other words:

H,) If c isacomplex opinion, then all elements of A, are simple opinions.

Ideas

Opinions

Simple ideas
= [

il

Simple
opinions

Fig.2. A simple idea that is also an opinion is called simple opinion.

The second assumption is about a distinction between complex and simple opinions,
concerning the associated value. A complex opinion can be associated with a value
ranging from —1 to +1, since such value expresses the degree (to which an agent or a
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source agrees or disagrees with the complex opinion). On the other hand, a simple
opinion is a simple idea, which means that it is ultimately simple. So, it is natural to
assume that given a simple opinion, an agent or a source either totally agrees with it
(+1) or totally disagrees with it (—1); there is no room for an intermediate stance,
exactly because of the ultimate simplicity of the opinion. Therefore, the assumption can
be summarized as follows:

H,) A complex opinion can be associated with a value v € [—1, +1], whereas a
simple opinion can be associated with a value v € {—1,+1}.

Having said all that, we can continue with the process of opinion formation under
social influence. Let us consider an agent and a topic-opinion c. Let N be the number
of all the sources that socially influence the agent on topic-opinion ¢, according to
properties Py, P,, and P,;; the set of these sources is called the agent's social set on
topic-opinion c, denoted by G. The degree to which the agent agrees or disagrees with
topic-opinion c is denoted by A,. The value of 4, is between —1 and +1; indeed, topic-
opinion c is generally a complex opinion so, by the H, assumption, such value is
meaningful. In other words, we could say that A, represents the agent's opinion on topic
c.

We also need to represent the sources' opinions on the topic. But we want to
capture these opinions from the agent's point of view. After all, influence is achieved
through what the agent receives as information from a source. And given the same
source, different agents may perceive the source's opinion on a topic in different ways,
since they may receive different information from the source (different due to quality
and/or quantity of information, just as we described when we defined the profile of a
source according to an agent). So, we are interested in a source's opinion the way the
agent perceives it, which may be different from the “true” opinion. Taking this under
consideration, the degree to which a source i (of social influence on ¢, i = 1,2, ...,N)
agrees or disagrees with topic-opinion c, according to the agent, is denoted by A,;.
Again, 4; has a value between —1 and +1, since topic-opinion c is generally a complex
opinion (H, assumption). In other words, we could say that A; represents source i's
opinion on topic ¢, according to the agent.

We want to highlight the fact that p; and A; represent two different things. Both
p; and A; are defined according to the agent, but A; depends on the topic under
consideration (by definition) while p; is topic-independent. Moreover, A; is expressed
by a numerical value while p; is a complex idea. A source, that is within the scope of
the agent's knowledge, always has a profile according to the agent, whether it satisfies
(1) or not (so, by P,, and P,,, it is a source of social influence on a certain topic-
opinion or not, respectively); on the other hand, 4; is defined for a source of social
influence on a topic-opinion. Finally, any new piece of information received by the
agent from a source (or any existing piece of information forgotten) automatically
changes-updates the profile (p;) of the source according to the agent but it does not
necessarily change the source's opinion (4;) on a topic, according to the agent.

Let us give an example for the last observation of the previous paragraph. Let us
consider a politician that an agent has voted for. The politician (source i) has a certain
profile p; according to the agent; also, the politician totally supports freedom of the
press/media (topic-opinion) according to the agent (so, it is 4; = +1). At some point,
the agent learns that the politician's university degree is fake, so p; is updated. But A;
probably remains the same. Of course, it could be the case that the agent later learns
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that 'the politician threatened a journalist in order not to publish the fake-degree story,
SO p; is updated once again, but now A; probably becomes much less than +1 (the
politician does not agree with freedom of the press/media that much after all, according
to the agent).

So far, we have defined A, and 4; (i = 1,2, ..., N). There are two more aspects that
must be discussed so that our model can be formulated mathematically. More
specifically, given the agent and a source of social influence on topic-opinion c, we
provide an answer to how strong the source's influence is on the agent. By answering
this question, we are able to make the distinction between a more influential and a less
influential source. We also provide an answer to what the effect of the source's
influence is on the agent; depending on the source and its influence, the agent may be
receptive to the source's opinion or may be rejective of it. In the next paragraphs, we
define these aspects and present the complete picture of our model.

Let us start by describing and eventually defining the strength or magnitude of the
source's influence on the agent. As we know, property P,, refers to a source i of social
influence, given the agent and topic-opinion c, and makes use of the (cardinal) number
|A. n A, | . This number is denoted by K; and measures the quantity of information
(simple ideas) that is communicated to the agent from source i (that belong to 4, ) and
is relevant to the topic-opinion at the same time (belong to A.). So, for a source i of
social influence we have K; = |4, n A, |; for all the sources in G (the agent's social set
on topic-opinion c¢) we have K; ,K,,...,Ky. The sum of all these is denoted by K,
which means

Ko =K1+K2++KN (2)

In this way, K, measures the total amount of information that is received by the agent
from all the sources and is relevant to the topic-opinion®. It represents the extent to
which the agent is informed about the topic (correctly informed and/or misinformed-
disinformed). This is an essential parameter in our model.

Now, the magnitude (or strength) of a source i's influence on the agent is denoted
by m; and is defined as

m; = , (3)

where m; € [0,1]. In other words, m; is the fraction which represents the contribution
of source i to the total amount of information. For example, for two sources i and j in G
(that influence the agent on topic-opinion c) with K; > K;, we have m; > m;; indeed,
the agent receives a greater amount of (relevant-to- ¢) information from source i than
from source j, therefore the magnitude of source i's influence on the agent is greater
than the magnitude of source j's influence. We could say that source i is more
influential than source j. For another example, let us consider the magnitude m; of a
source i's influence on the agent; if the agent receives more information (relevant-to- c)

from a source other than i, then K, becomes larger but K; remains the same. As a

8 One could say that in reality, opinions may also be influenced by pieces of information that are
seemingly not very relevant to the topic-opinion under consideration. We assume that our notion of
relevance (based on common simple ideas of the alphabet of human thoughts) really captures even
these pieces of information, leaving out only the “truly” irrelevant ones.
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result, the updated magnitude m;" of source i's influence on the agent is less than the
previous m;.

The magnitude of a source's influence on the agent (or, equivalently, the
characterization of the source as being more or less influential) captures the strength of
the influence but not its effect. By effect, we mean that a source may influence the agent
to be receptive to its opinion or to be rejective of its opinion. For example, let us
consider the phrase “my enemy's enemy is my friend”. This means that “I” (the agent)
have an enemy called George (the source) and George considers Paul to be his enemy,
so | consider Paul to be my friend. In this case George, being my enemy, influences me
to be rejective of his opinion (that Paul is an enemy), therefore | form the opinion that
Paul is a friend. So, in order to describe George's influence on me completely, we need
to express how strong the influence is (the magnitude) and we also need to express the
fact that George is an enemy, which results in the agent being rejective of George's
opinion (the effect). Both magnitude and effect are necessary and we can appreciate
this in the following way. Let Jim be my friend who considers Paul to be his enemy; Jim,
being my friend, influences me to be receptive to his opinion (that Paul is an enemy).
But now, Paul is my enemy's enemy and my friend's enemy at the same time. What |
consider Paul to be depends on whose influence has the greater magnitude, George's or
Jim's®. Having said all that, we define the effect of a source's influence on the agent in
the next paragraphs.

As we know, given the agent, topic-opinion ¢ and a source i of social influence,
A; N A,, is the set of simple ideas that belong to A, and to A, at the same time. The
fact that these simple ideas belong to A, makes them simple opinions; indeed, according
to assumption Hq, all elements of A, are simple opinions, since topic-opinion c is a
complex opinion. And according to assumption H,, each of these simple opinions can
be associated with a value +1 or —1, depending on whether the agent totally agrees
(+1) or totally disagrees (—1) with the simple opinion under consideration.

So, we showed that the elements of A. N A, are simple opinions. Their natural
meaning is still the same; they are the relevant-to- ¢ information that the agent receives
from source i. But now, we can consider a sequence of +1s and —1s to represent
whether the agent agrees or disagrees with this information (with each of these simple
opinions). The sequence is denoted by v;. The length of the sequence is K; = |Ac N Api|
(a value +1 or —1 for each simple opinion), which can be written as ¢(v;) = K;. The
number of +1s in v; is denoted by #(v;"), while the number of —1s in v; is denoted
by £(v;7). Of course, it is £(v;) = £(v;") + €(v;,). Now, let us consider the difference
£(v;}") — €(v;"). We have the following cases:

A) If £(v}) — £(v;7) > 0, then the quantity of information with which the agent
agrees is greater and we say that the agent is receptive to source i's opinion (4;).

B) If ¢(v}) — ¢(v;) < 0, then the quantity of information with which the agent
disagrees is greater and we say that the agent is rejective of source i's opinion (4;).

The idea is that by having source i's opinion (4;) multiplied by a positive
difference (the agent is receptive to 4;), the sign of A; remains the same; on the other

° As we will see later, what | consider Paul to be is a weighted average (with the magnitudes as weights).
In that sense, a possible outcome could be e.g. | consider Paul to be closer to being my friend than to
being my enemy, since the magnitude of George's influence is greater than that of Jim's influence.
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hand, by having source i's opinion (4;) multiplied by a negative difference (the agent is
rejective of 4;), the sign of A; is reversed. For case A, if the difference becomes larger,
then the agent is more receptive to source i's opinion. For case B, if the absolute value
of the difference becomes larger, then the agent is more rejective of source i's opinion.
Finally, we are ready to present the definition. The effect of a source i's influence on the
agent is denoted by e; and is defined as

W) =L@ L) — )
T w) K, '

(4)

where e; € [—1,+1]. The difference is divided by #(v;) = K; so that the value of ¢;
is between —1 and +1.

Let us combine all the above, which are all the necessary parts of our model.
Given an agent, a topic-opinion c and the agent's social set G (on topic-opinion c¢) which
contains N sources of social influence, the mathematical formula of our model is the
following:

N
g = Zmi ed; . (5)
i=1

The agent's opinion on topic c, or the degree to which the agent agrees or disagrees with
topic-opinion ¢, is the weighted average of products e;A; (i = 1,2,...,N), with the
magnitudes (m;) as weights. The agent's opinion formation is influenced by source i's
opinion according to the effect and the magnitude of the influence, for all the sources in
the agent's social set.

Given (3) and (4), formula (5) is written as:

K; {’(v+) 2(v)) () —2(v))
Ao—Zme/l— ] 7 Al—; T )

S0, we have

N
1
=g Zl(e(vr) —ewD)) A 6)

We should note that, unlike the literature models of opinion formation we talked
about, there is no time parameter in our model. In that sense, opinion dynamics is not
about evolution of opinion over time; it is about evolution of opinion over parameter K,
which represents the extent to which the agent is informed about the topic ((6)). So,
given a K, the agent's opinion A, is calculated. As K, increases (new information is
received by the agent) or decreases (existing information is forgotten by the agent), the
agent's opinion evolves. In models like the Friedkin-Johnsen model, where a recursive
definition is used for the influence process, the group members' initial opinions must be
known for the opinion changes to be calculated. Our model is designed to treat such
opinions as any other opinion; an “initial” opinion is calculated according to its
corresponding K.
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Finally, let us remember the example “my enemy's enemy is my friend” and
represent it using our model. The topic-opinion is “Paul is a friend”. George considers
Paul to be his enemy, which means that George totally disagrees with the topic-opinion
and A;.,, = —1. The fact that George is my enemy is expressed by e, = —1
(simplified). Jim considers Paul to be his enemy, so Jim also totally disagrees with the
topic-opinion and A;;,, = —1. The fact that Jim is my friend is expressed by e;;,, = +1
(simplified). Let mg,, = 0.6 and my;, = 0.4, which means that the magnitude of
George's influence is greater than that of Jim's influence. By using formula (5), we
have:

Ao = Mgep €Geo AGeo T+ Myim €1im Ajim =06*(—1D)*x(-1)+0.4*(+1) (1)
=06—-0.4
= 40.2

This is the degree to which | agree with the topic-opinion. The interpretation of the
outcome is that | consider Paul to be closer to being my friend than to being my enemy.

At this point, let us note that the notation we have used so far concerns a fixed
agent and a fixed topic-opinion. In order to avoid ambiguity when, for example, there
are two or more agents or an agent forms opinion on two or more topics, we consider
the following notations, just as we defined the profile p;, of source i according to
agent k. Given an agent k, a topic-opinion ¢ and a source i of social influence, we
have:

Gk,c ) AO,k,c ) Ai,k,c ) Ki,k,c ) KO,k,c v Vike » Mike » Cike -

3.2 A framework for the agent’s social set

Model (5) requires knowledge of the agent's social set G. But in real applications,
the task of identifying all the sources in G seems to be unachievable; any source that
satisfies properties P; and P, is a source of social influence. Nevertheless, we attempt to
capture the agent's social set as adequately as possible without explicitly describing it,
in order to make the model more practicable.

Let us consider a person that is influenced on a topic ¢ by N sources, each
communicating relevant-to- ¢ information to the person. Obviously, the amount of
information that is communicated (K;, i = 1,2, ..., N) varies from source to source,
depending on the level of the agent's exposure to the source (relevant-to- ¢ exposure).
For example, given a common political topic of general nature, some sources of social
influence may have much larger K; (e.g. a child's parents, a person's spouse etc.), other
sources may have smaller K; (e.g. friends, colleagues etc.) and other sources may have
much smaller K; (e.g. books, political figures, sports idols, newspaper articles,
celebrities, movies etc.). We believe that this diversity can be captured, since there is an
underlying pattern in a person's exposure to sources.

Research on the size and structure of an individual's social network (the people
with whom social relationships are maintained) has suggested that social relationships
can be clustered into groups of escalating sizes, where a group of larger number of
relationships (people) contains less intense relationships [27, 28]. In other words, an
individual maintains strong social relationships with a small number of people. Given a
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group which contains relationships of a certain intensity, the size of the group (the
number of people with whom such relationships can be maintained) is limited by time,
cognitive and other constraints [27, 29, 30, 31].

The research mentioned in the previous paragraph is about an agent's social
network, containing the people with whom the agent has social relationships. In our
theory, as we know, we consider not an agent's social network, but an agent's social set
which includes all sources (not just people and not just in a social relationship) that
socially influence the agent on a topic. But it is natural to assume that certain
observations made about the agent's social network are true for the agent's social set as
well. In particular, sources of social influence can be clustered into groups of different
sizes, where a group containing sources that communicate smaller amounts of
information (smaller K;) is a group of greater size (larger number of sources). So, an
agent receives large amounts of information (large K;) from a small number of sources.
Again, several constraints — most notably time and cognitive constraints — are the
reasons for this; an agent can only manage fewer sources with large K;, but many more
sources with small K;. For example, given a common political topic of general nature, a
person has typically received large amounts of information from his/her parents [32].
Such amounts can be matched by other sources (e.g. the person's spouse later in life or
a lifelong close friend or a favorite author after extensive reading of the author's
relevant books) but only in a limited number, due to the constraints. On the other hand,
the person has been (briefly) exposed to many sources of social influence over the
years, each of which communicated a small amount of information (numerous
newspaper articles, books, movies, songs, several acquaintances, historical figures
etc.).

So, sources of social influence can be clustered into groups according to the
above. The group which contains sources with large K; is typically structured and static;
indeed, a new source to be included in (or an existing one to be removed from) the
group is difficult to happen, since communicating a large amount of information to the
agent (or letting the existing large amount of information to be forgotten by the agent)
requires time and effort. On the other hand, the group which contains sources with small
K; is dynamic (characterized by constant changes in sources), since a small amount of
information is easy to be communicated or forgotten. In addition to being dynamic, the
potentially vast number of sources and their diversity in nature makes the group
unstructured. Obviously, the problem is found in the latter group. However, we believe
that this problem can be dealt with to a certain degree, by proposing a connection
between the structured-static and the unstructured-dynamic group. The discussion in the
next paragraphs is about this connection.

As we know, the sources that socially influence the agent on a topic satisfy
properties P; and P,. The agent can have control over both properties and therefore,
control over sources. First, let us discuss control over property P;. There are two ways
in which a source of social influence gets to be within the scope of the agent's
knowledge. One way is that the source is externally imposed on the agent and the agent
has no control over this, e.g. a child does not usually get to choose classmates or a
person hired by a company typically has no say in who his/her colleagues are going to
be (a similar discussion, in the context of political socialization, can be found in [33]).
But the other way is that the agent can actively search and discover sources in the social
environment, e.g. a person chooses to read a greater number of newspaper articles and
to watch tv news in different channels for multifaceted information, or chooses to
participate in activities where exposure to certain sources (otherwise not encountered)
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IS achieved. Now, let us discuss control over property P,, which concerns the externally
imposed sources as well. The agent can receive a greater amount of (relevant-to- c)
information from a source by choosing to learn more from the source. For example, a
person's grandfather may have a K; = |A. N 4, | less than ¥(c) (not a source of social

influence on ¢, where c is a political topic), but the person starts discussing politics
with the grandfather more frequently and learns more from him and eventually K;
becomes greater than 9(c) (and the grandfather now influences the person on c).

It is clear that such control, as described above, depends on the agent's interest in
the topic. Indeed, an agent with greater interest in the topic actively searches for and
learns from sources with greater intensity’®. For the role of political interest and
attentiveness in receiving political messages, the reader may see [34]. It is also clear that
the agent's interest in a topic is stimulated by sources which influence® the agent, e.g.
parents, friends and teachers play an important role in developing adolescents' societal
interest [35]. So, sources of social influence stimulate the agent's interest in a topic and
this interest is directed at sources of social influence again (since the agent searches for
and learns from sources).

Let us provide evidence from research on political socialization and youth civic
development. One of the findings in [36] suggests that youth having political
discussions more frequently with their parents report attending to national news (via
print and broadcast media) more frequently. Studying intergenerational transmission,
the authors in [37] examined children aged 18 (in 1965) and their parents and found that
children raised in highly politicized families were more likely to reject their parents’
opinion regarding school integration (than were children in less politicized families).
More specifically, these children were more likely to support school integration, given
that their parents did not commonly support it. Jennings, Stoker and Bowers provided
the following conclusion: “On the one hand, then, having a politicized family
environment typically encourages the child to learn from the parent and to adopt the
parent’s views. On the other hand, it also leaves the child more attuned to outside
political influences”. In 1965, such outside political influences were provided by the
civil rights movement. In [33], the study suggests that young adults coming from more
politicized homes are more likely to deviate from their parents' partisan preferences,
since these adults are more likely to be exposed to other political influences (new social
contexts and political events).

All this evidence supports our earlier observation, that sources of social influence
stimulate the agent's interest in a topic and this interest is directed at sources of social
influence again. Indeed, parents (sources) stimulate their child's interest in politics
(through political discussions or by providing a politicized environment) and this
interest is expressed by attending to national news or being exposed to other political
influences, so it is directed at sources from the media/civil rights movement/new social
contexts/political events respectively. In the context of the evidence we presented, we

19 A necessary condition for a person to discover sources and learn from them is access to these sources.
A person with no access to sources, due to socioeconomic reasons, cannot learn from them even if
he/she is interested in the topic.

These sources are indeed sources of social influence on the topic since, for the agent's interest in the
topic to be stimulated by them, the agent needs to be aware of them (P;) and they need to
communicate to the agent relevant-to-topic information in a sufficiently large amount (P,). So, for a
source to stimulate the agent's interest, it is necessary for the source to influence the agent. But it is
not sufficient; interest is really an opinion and for example, the agent may not feel interested in the
topic as a result of other sources' influence or of being rejective of the source's attempt to stimulate.
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just described an interest-based connection between parents and sources from the above
categories. Now, let us remember the earlier discussion about clustering of sources into
groups and let us consider the familiar scenario which involves two groups, the
structured-static group which contains a small number of sources with large K; each and
the unstructured-dynamic group which contains a large number of sources with small K;
each. According to what we have said about common political topics of general nature,
parents typically belong to the static group while sources from the media/civil rights
movement/new social contexts/political events typically belong to the dynamic group.
So actually, we established a connection between sources in the static group and sources
in the dynamic group.

Finally, let us clarify the exact nature of this connection. In the cases of the
evidence, we see that having political discussions more frequently leads to attending to
news more frequently and that being raised in a more politicized environment leads to
being more exposed to other political influences. We observe that “more frequently”
leads to “‘more frequently” and that “more politicized” leads to “more exposed”. This
can be interpreted in the following way: the intensity of the influence generated by
parents determines the intensity of the influence generated by the sources from the
media/civil rights movement/new social contexts/political events. We believe that this
pattern is not limited to parents and the above sources and is not limited to political
topics, but it is characteristic of the connection between the entire static group and the
entire dynamic group for any topic. So, let the sources that influence a person on a topic
be clustered into two groups, a static and a dynamic. We assume that the following is
true: the intensity of the influence generated by the static group determines the intensity
of the influence generated by the dynamic group.

Let us express our assumption in mathematical terms. We consider an agent, a
topic-opinion ¢ and the agent's social set G (on topic-opinion ¢) which contains N
sources of social influence. Let these sources be clustered into two groups, a static and a
dynamic. The static group is denoted by X and the number of sources in it by Ny, while
the dynamic group is denoted by Z and the number of sources in it by N, (Ny < Ny,
Ny + N; = N). Now, the intensity of the influence generated by a source i is the
product m;|e;|, which involves the magnitude and the effect of the source's influence.
Note that we consider the absolute value of the effect, since we want to measure the
intensity of the influence without regard to its sign. Then, the intensity of the influence
generated by a group is the sum of the intensities of all the influences generated by the
sources in the group. For example, let X (static group) contain only the parents and let
Meather = Mmother AN €rgrher = +1, €morner = —1. The intensity of the influence
generated by X is

Meat her |efather | + Mot her 1€mot her | = Myather |+1| + Mot her |_1|

= mfather + Mot her
= 2% Mot her )

which is greater than 0. If we did not consider absolute values, the influence generated
by X would have zero intensity. This would be clearly false, since influences are not
only present (generated by parents), they have extreme effects as well (+1 and —1). So
by considering absolute values, all influences contribute to the total intensity.

Based on the entire reasoning that we developed in the previous paragraphs, the
assumption is expressed as follows:
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Zmi|ei| = > mlel 7)

where a source i for i = 1,2, ..., Ny is considered to belong to static group X, while a
source i for i = Ny + 1,Ny + 2, ..., N is considered to belong to dynamic group Z. So,
the intensity of the influence generated by the static group determines the intensity of
the influence generated by the dynamic group. More specifically, the intensity generated
by the static group results in an equal amount of intensity being generated by the
dynamic group. The way we expressed the assumption allows of the interpretation in
the opposite direction as well, meaning that the intensity generated by the dynamic
group results in an equal amount of intensity being generated by the static group. The
opposite direction is possible since, for example, a child attending to news may result in
the child having political discussions with the parents. For a similar discussion, the
reader may see [36].
Equality (7) is written as:

Nx
Dk
i=1 KO

o) — 4))

f(vﬁ)—f(v;)‘z - K
Ki i=N

X+1KO Ki
therefore
Ny N
1 + _ 1 + -
= D@ =) = > 1) = )
0 4 0 .
i=1 i=Ny+1
and hence
Ny N
DlewH —ewdl= Y 1ewH - @l ®
i=1 i=Ny+1

Now, let the average of the quantities |#(v;}) — £(v; )| in static group X be denoted by
ey and let the average of the quantities |#(v;") — £(v;)| in dynamic group Z be denoted
by e;. So, we have:

Ny
1 . _
ex =3 ;w(vi ) — £(v7)| ©)
and
1 N
e =3 iZNZHw(vf) — )| . (10)

Given (9) and (10), equality (8) is written as:
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NXeX =NZeZ . (11)

If the number Ny of sources in the static group and the average ey are known, then
equation (11) provides information about the number N, of sources in the dynamic
group (given the average e;) or about the average e, (given N;). Given the structured
and limited (in number of sources) nature of the static group, information about the
static group (like Ny and ey) is more effectively obtained than information about the
dynamic group; equation (11) provides a way to calculate the latter using the former
information.

Finally, the framework that we propose for the agent's social set is based on the
assumption we have described. So far, the assumption involved two groups, a static one
and a dynamic one. But for many topics, sources of social influence follow the typical
social structure of “family-friends-acquaintances”. Taking this structure under
consideration, we consider a possible clustering of sources into three groups, two
structured-static groups (X and Y, representing “family” and “friends” respectively) and
one unstructured-dynamic group (Z, representing “acquaintances”). The “family” group
contains a small number of sources with very large K; each, the “friends” group
contains a larger number of sources with smaller but still large K; each and the
“acquaintances” group contains a much larger number of sources with much smaller K;
each. Of course, these groups may not literally represent members of the family or
actual friends and acquaintances. For example, parents typically belong to the “family”
group, but another source with large enough K; may belong to the group as well, e.g. a
person's closest friend. The “friends” group may contain not only friends but other
sources with similar K; as well, e.g. a teacher or a religious text that the person reads
frequently. Similarly for the “acquaintances” group, in which a source only needs to
have a small K;. We believe that a clustering of sources into more than three groups not
only has reduced practicability, it is also more forced and less natural.

We collect all the above discussion in the following assumption. We mention that
the average K; in groups X, Y, Z is denoted by Ky, Ky and K, respectively. So, we have:

H3) Given an agent, a topic-opinion ¢ and the agent's social set G (on topic c)
which contains N sources of social influence, these sources can be clustered
into:

a) two groups, the static group X and the dynamic group Z, where Ny < Ny,
NX+NZ =N, KX >KZ and

Nyex = Nzeyz (11)
or

b) three groups, the static groups X and Y and the dynamic group Z, where
NX<Ny<Nz, NX+Ny+NZ:N, KX>KY>KZ and

NXeX + Nyey = NZeZ . (12)

Let us consider two topics, c¢; and c,, on which the agent forms opinion under social
influence. We say that c¢; is more general than c, (or that ¢, is more specific than c;), if
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lAc1| > |AC2 | Indeed, a more general topic is expected to cover a wider range of ideas,
therefore it Is composed of a greater number of simple ideas. For example, a topic
concerning the role of playing in child development is more general than a topic about
the expected sales of item x produced by company z. Given the fact that a general topic
iIs composed of a large number of simple ideas, forming opinion on this topic is likely to
involve more sources of social influence with diverse K;, probably resulting in a
clustering of sources into three groups. On the other hand, forming opinion on a specific
topic (composed of a small number of simple ideas) is likely to involve sources with
similar K; (with low standard deviation), meaning that there is probably no need for a
clustering at all (“clustering” of all sources into one group).

3.3 Opinion and knowledge within a group

As we mentioned in the introduction, Plato (in Theaetetus) described knowledge
as justified true belief. This view sparked a widespread debate in epistemology about
whether the three conditions (justified, true, belief) are necessary and sufficient
conditions for knowledge [38, 39, 40, 41, 42, 43] (even Plato argued against such a way
of defining knowledge). In this chapter, we consider this definition as the starting point
for our discussion and we approach knowledge from a sociological perspective. We also
discuss the way opinion networks and knowledge networks are connected, based on this
approach.

Knowledge is justified, true belief (JTB). However, when considering a group of
agents (society), there are cases in which a sufficiently justified (perceived as such) yet
false belief is considered to be true, therefore knowledge. For example, fake news
involves such cases, where the justification — always incorrect — may mislead people
and make them believe that such news is knowledge. For another example, a formerly
accepted scientific theory, later proved wrong, used to be considered knowledge. On the
other hand, when the topic is about actual knowledge (justified true belief), there are
cases in which this true belief is considered to be false, therefore not knowledge. For
example, people who believe that the Earth is flat do not consider Earth's sphericity to
be knowledge.

Let us summarize the above as follows. For a belief to be knowledge, it must be
true and justified (JTB). For a belief to be considered knowledge by an agent, it must be
perceived as true by the agent (even if it is false). From a sociological perspective, the
emphasis is on “considered”. Similarly, there is a difference between the phrase “a topic
Is a matter of opinion/knowledge” and the phrase “a topic is considered a matter of
opinion/knowledge”. In the next paragraphs, we discuss the latter.

Let us have a group of agents (society). We present two informal, self-evident
definitions.

Concept 1: Topic considered a matter of knowledge within the group.
A topic is considered a matter of knowledge within the group (society) if opinions on
the topic are considered true or false.

Concept 2: Topic considered a matter of opinion within the group.

A topic is considered a matter of opinion within the group (society) if opinions on the
topic are not considered true or false.
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We iare interested in these two concepts because concept 1 is the item of knowledge
networks, while concept 2 is the item of opinion networks. A possible connection
between the two concepts lies in an observation that we have already mentioned. When
a topic is considered a matter of opinion within a society, a member of the society is
typically influenced on the topic by sources that are different from another member's
sources. For example, the topic “is basketball your favorite sport to watch?” is
considered a matter of opinion, since opinions on this are not considered right-true or
wrong-false (according to the informal definition). At the same time, a person may be
influenced on this by his/her family members, his/her friends, sports idols of his/her
era/childhood/country, newspaper articles promoting sports etc., while another person
is influenced by sources that most likely are very different. In other words, a matter of
opinion is associated with agents' social sets that are different.

Having said that, let us consider a spectrum with one end being “social sets
completely different from each other” and the other end being “social sets equal to each
other” (fig.3). Given a group (society) of M agents forming opinion on a topic c, the

agents' social sets are Gy, Go, ... , Gy . The label “social sets completely different
from each other” is written as Gy . N G;. = @, whenever k # [. The label “social sets
equal to each other” is written G; . = G, = - = Gy .. SO, when a topic is considered

a matter of opinion within the group, we are closer to the left end (as seen in fig. 3). As
we move towards the right end, topics are associated with social sets that are more and
more similar to each other; in this region of the spectrum, we may find topics that are
considered matters of knowledge within the group. For example, let us have a work-
related technical topic that concerns a group of people working in an office.
These people are influenced on this topic by mostly (if not entirely) common sources,
like each other, shared emails/documents/phone calls etc. (ho parents or favorite
authors). And the view on the topic is that it involves right or wrong decisions, so it is
considered a matter of knowledge. Another example is education-related topics which
are considered knowledge, with common books, common educational tv programs etc.
for sources.

matters matters
of of
opinion knowledge
i .
Gk,l’.’ n G[JC - Q)\
whenever k # [ Gie=Gye == Gy,

Fig.3. When a topic is considered a matter of opinion within the group, we are closer
to the left end. When a topic is considered a matter of knowledge
within the group, we are closer to the right end.
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4 Evaluation of the model

4.1 Method

We use the model of social influence on opinion formation to process data
collected from questionnaires (see Appendix), concerning attitudes towards elections
and in particular, opinions on the importance of the July 2019 national elections in
Greece. The respondents (32 in number) were chosen to be young adults of ~24 years of
age. By this age group, we wanted to achieve two things, namely that the elections of
July 2019 were not their first elections (so that the “first-time-enthusiasm” would be
avoided) and that they were still significantly influenced by their parents on political
topics. They answered a total of 13 questions, 8 of which concerned personal and
familial information about politics in general and the elections in particular and the rest
5 were knowledge questions on political events that took place not after the election day
and its results. The way we assign values to these answers is presented below, with the
first value in the parenthesis corresponding to the first answer, the second value to the
second answer etc.

Question 1 provides a value for the respondent's opinion (4,) on the importance of
the 2019 national elections (values 0.75, 0.5, 0.25, 0, -0.25). Questions 2 and 3 provide
values for the father's and mother's opinion, A; and A,, respectively (values 0.75, 0.5,
0.25, 0, -0.25 and 0). Questions 4 and 5 provide values for K; and K, respectively;
indeed, the frequency of political discussions with the father and the mother is viewed
as an index for the quantities of information communicated from them (values 1, 2, 3,
4). Questions 6 and 7 provide values for e; and e, respectively (values 0.8, 0.4, 0, -0.4,
-0.8). Question 8 is used to assess the respondent's compatibility with the approach
taken in this application. Questions 9-13 provide values for the part of K, that is
attributed to sources in the dynamic group. These are questions that cover different
aspects of the conventional political space in Greece, so an agent knowing the answers
to these questions is interpreted as being informed about the topic from possibly
different sources in the dynamic group. Each right answer to questions 9-13 is
interpreted as a source in the dynamic group with K; = 1 (it is kept small, so that it is
consistent with the dynamic group). These sources can be regarded as compressed
expressions of broader political forces/spaces containing many sources. Note that we
prefer the term right instead of correct. Since we are interested in the extent to which the
agent is informed about the topic (correctly informed and/or misinformed-disinformed),
the former term is more appropriate than the latter. Of course, the only right answer in
questions 9-12 is the correct answer, but in question 13 we accept two right answers*.

Now, let us make two simplification assumptions. First, we expect that people
may agree or disagree on politics, but whatever the case they agree with each other on
the importance of elections. Questions 6 and 7, which provide values for e; and e,, ask
for the level of agreement or disagreement with parents on politics in general. So
whatever the case may be, it is interpreted as agreement with parents on the importance
of elections, at the same level as on politics. Therefore, we consider the absolute values
of e; and e, as the correct values; similarly for the sources in the dynamic group.

12" \We accept the correct and one more close to it. The quantitative difference between these two answers
and the technical nature involved makes it easy to be misunderstood, so these details do not affect the
general picture that even this particular incorrect answer shows that the agent is informed.
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Second, we said that the sources in the dynamic group represent broader political forces
and spaces, which are mainly sources that are characterized by a strong political identity
(for example, political parties, politicians etc.). In that sense, the opinion of such a
source must be close to +1, otherwise it would be contradictory and inconsistent with its
strong political identity. Again, there are members in a society that are opposed to
elections, but they must be vocal in expressing such an opinion, which we believe is far
from the typical case. These two simplification assumptions can be summarized in the
following way: 1) the quantity ¢(v;") — #(v;"), for i = 1,2, ..., N, is taken in its absolute
value, since e; is taken in its absolute value in (4) and 2) we have A; = +1, for
i = 3,..., N (for sources in the dynamic group).

So for each agent-respondent, we collect 4, 4; (for i = 1,2, ...,N), K, K, and the
absolute values of e; and e,. By assumption H;, we have a clustering of sources into
two groups and we also assume that the static group for each agent contains only two
sources, the agent's father and mother'®. So, Ny = 2 and N, is the number of right
answers. Also, from equation (2), adding K;, K, and the number of right answers
together gives us an index for K,. We work as follows:

- Wecalculate £(v;") —£(v)), for i = 1,2, from (4).
- We calculate ey from (9).
- We calculate e; from (11).

So, we can calculate the predicted 4, from (6):

L&
predicted Ay = a Z({’(Uf) — () A
0=

which, according to the assumption of absolute values, is written

N
1
predicted 1o = Zw(vf) DA (13)
i=1

The part of the sum that concerns the sources in the dynamic group, namely

N

YlewH - ewdl A

i=3

is written (for A, = +1,fori = 3,...,N) as

13 Given the discussion we had earlier on the role of parents in political socialization and due to the
young age of respondents, we believe that the main influence from sources in the static group is that
of parents. Of course, influence coming from friends and other sources is always present and perhaps
a clustering of sources into three groups is preferable under certain circumstances. But in our analysis
here, we consider only parents as sources of social influence in the static group and we discuss the
cases where such an analysis is not sufficient.
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i=3

according to (10). All variables in (13) are now known, therefore the predicted A, is
calculated.

4.2 Results

We present all the values obtained from the questionnaires and the values for the
predicted A, in table 1. We also report results about the effectiveness of the model in
predicting the respondents' opinions, for two groups of respondents. The first group
consists of all the respondents (32 in number). The second group is formed by removing
from the first group those respondents that are incompatible with the use of the model in
this application. If our theory and model are built on solid foundation, then we expect a
greater effectiveness of the model for the second group. In the next paragraph, we
explain which respondents are removed in order to form the second group and why.

Let us remember that question 8 is used to assess the respondent's compatibility
with the approach taken in this application. In particular, the question asks whether the
respondent's political opinions can be placed in one region of the political spectrum
(left, centre, right). A respondent who answers that his/her political opinions are clearly
placed in one region or belong to more than one regions is compatible with the approach
of our analysis, since we assumed that influence comes from the conventional political

Table 1. Values obtained from the questionnaires and values of the predicted 4,

AO Al A2 K1 K2 el e2 rightanswers predicted AO
1 075 0,75 0,5 3 1 0,4 0,8 1 0,66
2 -0,25 0,5 0,5 4 4 0,4 0,4 2 0,48
3 075 0,75 0,5 4 2 0,8 0,8 2 1
4 05 0,5 0,5 3 3 -0,8 -0,8 2 0,9
5 0,75 0,75 0,75 2 2 0,4 0,4 1 0,56
6 0,5 0,5 0,5 2 2 -0,4 -0,4 0 0,6
7 0,25 0,5 0,75 1 2 0 0,4 3 0,233333333
8 0,5 0,75 0,5 2 1 0,8 0,8 4 0,571428571
9 0,75 0,5 0,5 2 1 -0,8 -0,4 4 0,428571429
10 0,25 0,25 0,25 2 1 0,4 -0,4 2 0,3
11 05 0,5 0,5 1 1 0 0 1 0
12 0,5 0] 0] 4 2 0 -0,4 3 0,088888889
13 0,25 0,5 0,5 3 2 0,4 0,4 2 0,428571429
14 0,25 (0] 0 1 1 0 0 2 0
15 0,5 0 0,75 4 4 0,8 0,8 4 0,733333333
16 0,25 0,5 0,5 2 2 0,4 0 2 0,2
17 0,75 0,25 0,5 2 4 0 0,4 3 0,266666667
18 0,75 0,5 0,5 1 1 -0,4 0 1 0,2
19 0,5 0,5 0,5 1 1 0 0 0 0
20 0,5 0,5 0,5 2 2 -0,4 -0,4 2 0,4
21 0,5 0,5 0,5 2 1 0,4 0,8 3 0,4
22 05 0,75 0,75 2 1 0,4 -0,4 3 0,35
23 0,75 0,5 0,25 1 1 0,4 0,4 5 0,157142857
24 0,5 0,5 0,25 2 1 0,4 0 2 0,24
25 0,25 0,5 0,5 1 1 0,8 0,4 2 0,45
26 0,75 0,75 0,75 2 2 0,4 0,4 4 0,35
27 0,75 0,75 0,75 2 2 0,4 0,4 2 0,466666667
28 0,25 0,5 0,5 3 3 0,4 0,4 2 0,45
29 0,75 0,75 0,75 3 3 0,4 0,4 4 0,42
30 -0,25 [0] 0,75 1 1 0 0 3 0]
31 05 0 0,75 3 3 0,8 0,4 3 0,5
32 0,75 0,75 0,75 1 2 0,4 0,8 3 0,583333333
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regions. On the other hand, a respondent who answers that his/her political opinions do
not belong to any region is an agent that may be influenced by other unconventional
sources. At the same time, questions 9-13 are designed in order to capture exposure to
sources only from the conventional regions, so other regions are not examined. By
removing these incompatible values (with index numbers 7, 11, 12, 13, 15, 17, 19 and
22) from the dataset, we expect to get a clearer picture. We also remove three more
values (with index numbers 2, 18 and 23), which are also incompatible but for different
reasons. Respondent 2 reports the extreme A, = —0.25, while his/her parents' opinions
are 1; = A, = 0.5 and the frequency of political discussions with them is very often
(K; = K, = 4). The conclusion is that he/she is heavily influenced by a friend or other
source that we do not include in the analysis. Respondent 18 reports a very strong
positive opinion (4, = +0.75), but at the same time political discussions with family
are rare (K; = K, = 1) and the respondent has only one right answer; the influence
boosting the respondent's very strong opinion probably comes from sources other than
the parents or the dynamic group as we captured it. Finally, respondent 23 is the only
respondent that has all five answers right. This means that a clustering of sources into
three groups would probably be preferable, since one static group alone (just with
parents, with low values for K;, K,, e; and e,) does not generate enough intensity of
influence to justify the 5-right-answers measurement, according to assumption Hs.
There should be another static group as well, possibly containing friends or teachers. Or
equivalently, the intensity of the influence generated by the dynamic group is not
sufficiently matched by the intensity of the influence generated by one static group,
therefore another static group is probably missing.

Finally, let us explain how the values of A, are treated. Typically, 4, is a variable
with continuous values between —1 and 1. In the questionnaire, however, Question 1 is
posed in such a way that it quantifies an ordinal variable. So, A, can be treated (perhaps
more appropriately) as an ordinal variable as well. Depending on the type of variable,
the statistical tools for the evaluation of the model are different. We present the results
about the effectiveness of the model in predicting the respondents' opinions, for both
types of variable, in table 2.

Table 2. Measures of association between the observed A, and the predicted A,
for the first and the second group of respondents

First group Second group
(32 respondents) (21 respondents)
Linear Slope 0.3109 0.6560""
Observed 1, as | €9'€SSION 1 ntercept 0.3636*** 0.2038
continuous

variable Pearson correlation 0.2864 0.6049**

RMSE 0.3190948 0.2246345

gg?r?ai;lsgr?;b?: Polyserial correlation 0.3223771 0.6530366

Note: The p-value is calculated for the linear regression coefficients (slope and intercept) and the
Pearson correlation coefficient, ** < .01 *** < .001.
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4.3 'Discussion

Let us analyze the results reported in table 2. Predicted A, is a continuous
variable. Observed A, on the other hand, can be treated as a continuous variable with a
limited number of possible values, namely 0.75, 0.5, 0.25, 0 and -0.25, or as an ordinal
variable with ordered categories as values, namely “very important”, “just important”,
“just an obligation”, “indifferent” and “against”. Considering two continuous variables
enables us to examine the association between the observed-predicted pairs in the
following three ways: by regressing the observed values on the predicted values, by
calculating the Pearson correlation and by calculating the root mean square error
(RMSE). However, considering one continuous and one ordinal variable, an appropriate
statistical tool is polyserial correlation.

In order to evaluate the model for its predictive accuracy, the desired results from
the linear regression should be a value close to 1 for the slope and a value close to 0 for
the intercept (so that the regression line is close to the 1: 1 line), combined with a value
close to 1 for the Pearson correlation coefficient of the observed A, and the predicted
Ao. For RMSE, a small value is desired. And as with the Pearson correlation, we want a
value close to 1 for the polyserial correlation. However, the goal is not to report high
levels of predictive accuracy. High levels of accuracy would require more information
(a larger number of questions in the questionnaires). Instead, one of our objectives was
to describe opinion formation under social influence with as few questions as possible.
Also, the research involves an element of arbitrariness as far as the K; are concerned.
The theoretical values of the various K; are not known (this would require knowing the
value of the corresponding |AC N Api|), so we assign relative values to the K; according
to the rules of the theory, but still an element of arbitrariness cannot be avoided.

Therefore, we do not expect high levels of predictive accuracy, but we still want
to assess whether the model is able to capture and interpret the processes of influence.
In other words, we want to assess the soundness of the theory (and the assumption
included) with which the model is constructed. The way to do this is by comparing the
predictive effectiveness of the model for the first group of respondents with the
predictive effectiveness of the model for the second group. As we know, the second
group is formed by removing the incompatible cases from the first group. The
incompatible cases are those cases for which the additional necessary information is not
available, because the questionnaire did not include the additional necessary questions.
In other words, the theory-model should be able to capture and predict these cases with
more confidence, if additional information was available. For example, questions 9-13
provide information for sources in the dynamic group, but only for those from the
conventional political regions. A respondent whose political opinions do not belong to
any region is possibly influenced by sources from unconventional political regions and
so, necessary information for the model must be missing. Also, when the data shows
that another static group must be present, then an unsuitable version of assumption H; is
used (we always use (11) given the available information, but in these cases (12) is the
appropriate choice). For all these reasons, we distinguish between compatible and
incompatible cases.

We expect a greater effectiveness of the model in predicting opinions in the
second group. A much greater effectiveness would mean that missing information is
important or in other words, that the model produces significantly improved predictions
when the necessary data is provided.
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We see that all measures show a much greater effectiveness of the model in
predicting opinions in the second group. The value for the slope is 0.6560 and it is
statistically significant, while the value for the intercept is not statistically significant.
The same measures for the first group give a value of 0.3109 for the slope and a
statistically significant value of 0.3636 for the intercept. The Pearson correlation
coefficients are 0.6049 (statistically significant) and 0.2864 (not statistically
significant), for the second and first group respectively. Similarly improved results are
reported for the polyserial correlation. Finally, RMSE gives a value (error) of
0.2246345 for the second group, which is smaller than the value of 0.3190948 for the
first group, exactly as desired.

As an overall conclusion, we could say that parents are crucially important when
it comes to social influence (and especially for political topics) and often are key
members of the static group. However, a more detailed collection of information,
including friends, teachers, hobbies etc., is necessary in order to provide the model and
the equations in assumption H; with all the input needed and therefore, all cases to be
captured and predicted.

5 Conclusions

In this paper, we presented a novel way of describing social influence on opinion
formation. The theory is based on the alphabet of human thoughts, a philosophical
concept that dates back to Descartes and Leibniz years (with influences even dating
back to earlier years). The alphabet of human thoughts is the reason behind the novelty
of our approach, but it is a major limitation at the same time. It has been characterized
as “absurdly optimistic” [44]. On the other hand, the great mathematician Kurt Godel
believed that it was feasible [45]. Whatever the case may be, a practical yet universal
version of it remains elusive.

The version of the alphabet of human thoughts that we consider in this paper is of
paramount importance in theoretically constructing the model. This version of the
alphabet theoretically involves an infinite number of simple ideas (sq, s, s3, ...). The
semantic contents of the simple ideas may not be known, but we can still use them in
simulations. In particular, we can consider a large collection of distinct simple ideas
(s1,S2, ..., st Where T is as large as required for the simulation under consideration). In
that way, the various social situations and contexts (studied in simulations) could be
flexibly represented by appropriately constructing the various A, and the A, using
these simple ideas'®. For example, we could specify the extent to which the agent is
informed about the topic (K,) or how general we want a topic to be by assigning an
accordingly large number of simple ideas (let us remember the definition of a general
topic ¢, involving |A.|, that was mentioned in the end of chapter 3.2 after assumption
H3). So, simple ideas could be used as sociological “particles” in simulations and the
corresponding parameters could be deterministically calculated. In applications with
real data, however, other approaches must be followed; such approaches should
probably be more application-specific, as we see in the application of this paper.

¥ For a simplified simulation design, we could construct the various A,, and the A, as sets (instead of
multisets that we consider in our theory).
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Furthermore, more evaluations must be performed to test the validity of the
assumption H; and of the theory in general. Evaluations on larger scales should involve
sources of social influence in numbers as large as possible and high levels of predictive
accuracy should be the goal.

6 Appendix

We present the questionnaire:

Zyetikd pe TG tedevtaieg eBvikéc ekAoyég (7 loviiov 2019), tiioydet amd To TopaKAT®
Y €66G?

Bedpnoa 0Tt givat TOAD CNUAVTIKES EKAOYES

Osdpnoa Ot efvar oAl oNUAVTIKEG EKAOYES

Bedpnoa 6Tt givar amAd po VToXPEWST ToL KAOE oAl

Mov ftav ad1dpopeg ¢ EKA0YES

Eipot yevikd avtifetog pe tov Beopd tov ekhoydv

Zyetikd pe Tig tedevtaieg Bvikéc ekAoyég (7 loviiov 2019), T ioydel amd ta mopakdTm
Yl TOV TATEPA GOG?

O matépag pov Bedpnoe 6Tt eivor TOAD oNUOVTIKESG EKAOYEG

O matépag pov Beddpnoe Ott eivorl amhd oNUAVTIKEG EKAOYES

O matépag pov Bedpnoe 6Tt givor amhd o vroypEwon Tov KABe ToAitn
Tov ftav adidpopeg ¢ EKA0YES

O matépag pov ivar yevikd avtifetog e Tov 0eGo TV EKAOYDV

Agv EEpo TV dmoyn| Tov

Yyetikd pe Tig terevtaieg eBvikég exkAoyég (7 IovAiov 2019), T 1oyvel amd T TAPAKATO
Y T UnTépa Gog?

H pntépa pov Bedpnoe 6tL etvor TOAD onpovTiKES EKAOYES

H pntépa pov Bedpnoe 6t etvar amAd onpovtikég ekhoyég

H pntépa pov Bedpnoe 6t eivorn amAd pio vroyp€won Tov Kabe moiit

Tng Nrav adidpopeg g EKAOYES

H pntépa pov eivar yevikd avtiBetn pe tov 0ecpud tov ekAoydv

Agv EEpo TV doyn| g
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IT6co cuyva cuintdre Yo ToMTiKG OEpaTa e TOV TATEPO GOG?
Zmévia (1)

Kdamoteg popéc (2)

Suyva (3)

[ToAd cuyva (4)

[1660 cuyvad cu{ntdte Yo ToATikd Bépata pe ™ unTépa cog?
Xravia (1)

Kamoteg popég (2)

Xoyvé (3)

[ToA0 cuyvad (4)

[16c0 cvppwveite/dSopmveite ota moATikd OEpata e Tov ToTéPA GOc?
ZOUOOVO 6T TEPICCOTEPO, LE TOV TTaTEPA 1oL (1)

ZUUPOVD GE TEPLGGOTEPQ OO OGO SAPOVD LLE TOV TATEPA LLOL (2)
OVtE GLUEEVAD O0VTE JAPOVD LE TOV TATEPA LoV (3)

AQovd og TEPIGCOTEPA A0 OGO CLLPOVED LLE TOV TATEPA LoV (4)
AQovd o610 TEPIGGATEPA LLE TOV TOTEPA OV (5)

[T6c0 cvppwveite/dStapmveite oTa TOAMTIKA OEpatTa pe T untépa cog?
ZUUPOVO oTa TEPIGSOTEPA LE TN UNTEPQ pov (1)

ZUUPOVA GE TEPICCOTEPO OO OGO SUPOVD LLE TN UNTEPQ LoV (2)
OV1e CLUEOVD 0VTE POV PE TN UNTEPO LoV (3)

Apovo og TEPIGGOTEPA OO OGO CLULPOVA LE TN UNTEPO LoV (4)
AlQpOVO 6T TEPIGGOTEPO LE TN UNTEPO 1OV (5)

Ag Bempnoovpie ToV KAUGIKO S0 @PIGUO TOV TOAMTIKOV OTOYEDV GE APLOTEPES-
Kevipwec-0e€iés. T oydel Yo ecag?

O1 TOMTIKEC OV amOYELS avIiKOVY EEKABOpa GE EVay QO TOLG TPELS YDPOLG

O1 TOMTIKESG LOV ATTOYELG OVITKOVV GE TTOPATAV® Omd Evay YDPOLG

O1 TOMTIKEG OV amOYELG OEV AVITKOVY TTOLBEVEL
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IToca koppaza Bpickovral orjuepa ot Bouin?
4

5
6
5

[Totot etvar o1 6Vo avtimpdedpot g Néag Anpokpatiog?
Kwotg Xatlnodxng, [Mavayidmg ITucpappévog
Adovig N'ewpyrdong, Havayuwtng [Mikpappévoc

Kootg Xatlnodkng, Adwvig ['empydong

Koavéva 6idvpo amd ta mopamdve

Ag yvopilo vo T pe otyovpld

[Towa amd T1g mopakdto epnuepideg stvor koppatikd 6pyavo tov XYPIZA?
To Documento

O Pwoomdotng

H Eopnpepido tov Zvvtaxtov

Kaoppio gpnuepida omd t1g mopoamdve

Ag yvopilo va o pe otyovpd

[Tolog NTav vToVPYOS eEMTEPIKMOV OTAY LIEYPAPN N cCLHP®Via Twv [TpeoTdv?
Nikog Aévotag

Nixog Kotluag

[Nopyog Katpotvykarog

Koavévag and tovg mapandve

Ag yvopilo vo To pe otyovpld

210 TOc0 VP® £xEL OlapopPwOel onNpepa 0 KatdTaTog eHog?
585

650

710

Kavéva and ta mtapamdve

Ag yvopilo vo To pe otyovpld
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