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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.  
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ΠΕΡΙΛΗΨΗ 

 
 

Ζ θνηλσληθή επηξξνή ζηε δηακόξθσζε άπνςεο έρεη πξνζειθύζεη κεγάιν εξεπλεηηθό 

ελδηαθέξνλ αλά ηα ρξόληα, θαζώο απνηειεί έλα από ηα πην ζεκαληηθά θνηλσληθά 

θαηλόκελα. ην πιαίζην ηεο παξνύζαο εξγαζίαο, πξνηείλνπκε έλα γεληθό κνληέιν πνπ 

πεξηγξάθεη απηήλ ηε δηαδηθαζία από ηελ νπηηθή ελόο πξάθηνξα, όπνπ ν ππό εμέηαζε 

πξάθηνξαο δηακνξθώλεη άπνςε γηα έλα ζέκα. Σν κνληέιν βαζίδεηαη ζε κηα θηινζνθηθή 

έλλνηα πνπ απνδίδεηαη ζηνλ Leibniz, ην αιθάβεην ησλ αλζξώπηλσλ ζθέςεσλ. 

πγθεθξηκέλα, ρξεζηκνπνηνύκε απηήλ ηελ έλλνηα γηα λα αλαιύζνπκε ζεσξεηηθά ηηο δύν 

ζεκειηώδεηο πηπρέο ηνπ θαηλνκέλνπ, δειαδή ηελ άπνςε θαη ηελ επηξξνή. Απηό καο 

επηηξέπεη λα θαηαζθεπάζνπκε θπζηθά ηηο βαζηθέο παξακέηξνπο ηνπ κνληέινπ. Δπίζεο, 

ζε αληίζεζε κε πνιιά βηβιηνγξαθηθά κνληέια δηακόξθσζεο άπνςεο ππό ην θαζεζηώο 

θνηλσληθήο επηξξνήο, όπνπ ε δηαδηθαζία κειεηάηαη δνζέληνο ελόο θνηλσληθνύ δηθηύνπ 

πξαθηόξσλ πνπ αιιειεπηδξνύλ, ην κνληέιν καο δελ μερσξίδεη ηελ επηξξνή πνπ 

πξνέξρεηαη κέζα από έλα δίθηπν από ηελ επηξξνή πνπ πξνέξρεηαη από έμσ. Αληίζεηα, 

όιεο νη πεγέο θνηλσληθήο επηξξνήο αληηκεησπίδνληαη κε θνηλό ηξόπν. Πξνθεηκέλνπ λα 

παξέρνπκε έλα πιαίζην γηα ηνλ δπλεηηθά ηεξάζηην αξηζκό ηέηνησλ πεγώλ θαη λα 

θάλνπκε ην κνληέιν πην πξαθηηθό, δηαηππώλνπκε κηα ππόζεζε ζπλδπάδνληαο 

απνηειέζκαηα από έξεπλεο ζε δύν ηνκείο, ζπγθεθξηκέλα έξεπλεο ζρεηηθά κε ην κέγεζνο 

θαη ηε δνκή ηνπ θνηλσληθνύ δηθηύνπ ελόο αηόκνπ θαη έξεπλεο γηα ηελ πνιηηηθή 

θνηλσληθνπνίεζε. Ζ ζπλνιηθή πξνζέγγηζε γηα ηελ θαηαζθεπή ηνπ κνληέινπ κάο 

παξαθηλεί λα θάλνπκε κηα ζύληνκε ζπδήηεζε ζρεηηθά κε ηε γλώκε (άπνςε) θαη ηε 

γλώζε κέζα ζε κηα θνηλσλία θαη λα πξνηείλνπκε κηα ζύλδεζε κεηαμύ ησλ δηθηύσλ 

γλώκεο θαη γλώζεο. Σέινο, αμηνινγνύκε ην κνληέιν θαη ηελ νξζόηεηα ηεο ππόζεζεο 

ρξεζηκνπνηώληαο δεδνκέλα πνπ ζπιιέγνληαη από εξσηεκαηνιόγηα. Έλαο αξηζκόο 32 

εξσηεζέλησλ απάληεζαλ ζε εξσηήζεηο ζρεηηθά κε ηε ζεκαζία ησλ εζληθώλ εθινγώλ 

ηνπ Ηνπιίνπ 2019 ζηελ Διιάδα. Οη εξσηεζέληεο πνπ επηιέρζεθαλ ήηαλ λεαξνί ελήιηθεο 

ειηθίαο ~24 εηώλ, έηζη ώζηε λα εμαθνινπζεί λα είλαη ζεκαληηθή ε γνληθή επηξξνή ζε 

πνιηηηθά ζέκαηα θαη νη θαηάιιεια δηακνξθσκέλεο εξσηήζεηο λα κπνξνύλ λα ηελ 

ζπιιάβνπλ. Γελ απαηηήζεθαλ πξνϋπνζέζεηο γηα ηελ αληηπξνζσπεπηηθόηεηα ηνπ 

δείγκαηνο, θαζώο δελ ελδηαθεξόκαζηε γηα ζηαηηζηηθά ζπκπεξάζκαηα πνπ αθνξνύλ ζε 

έλαλ νιόθιεξν πιεζπζκό αιιά γηα ηελ απνηειεζκαηηθόηεηα ηνπ κνληέινπ ζηελ 

πξόβιεςε ηεο άπνςεο ηνπ θάζε εξσηώκελνπ. Γηα ηνπο ζθνπνύο ηεο αμηνιόγεζεο, 

ζεσξνύκε δύν νκάδεο ησλ εξσηεζέλησλ. Ζ πξώηε νκάδα απνηειείηαη από όινπο ηνπο 

εξσηεζέληεο, ελώ ε δεύηεξε νκάδα ζρεκαηίδεηαη αθαηξώληαο από ηελ πξώηε νκάδα 

ηνπο εξσηεζέληεο γηα ηνπο νπνίνπο νη επηξξνέο πνπ δέρνληαη δελ εληνπίδνληαη επαξθώο 

από ηηο εξσηήζεηο ηνπ εξσηεκαηνινγίνπ. Σα επξήκαηα δείρλνπλ πνιύ κεγαιύηεξε 

απνηειεζκαηηθόηεηα ηνπ κνληέινπ ζηελ πξόβιεςε απόςεσλ ζηε δεύηεξε νκάδα, γηα 

ηελ νπνία παξέρνληαη ηα απαξαίηεηα δεδνκέλα. 
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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
1
, 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 

𝑥𝑖(𝑡) ∈ ℝ and the weight given to any other agent 𝑗 is denoted by 𝑎𝑖𝑗 . So, agent 𝑖's 

opinion at time  𝑡 + 1  is formed as follows 

 

𝑥𝑖 𝑡 + 1 = 𝑎𝑖1𝑥1 𝑡 + 𝑎𝑖2𝑥2 𝑡 + ⋯ + 𝑎𝑖𝑛𝑥𝑛(𝑡) , 

 

                                                           
1
    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. 
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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. 
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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
2
 [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. 



Ψηφιακή βιβλιοθήκη Θεόφραστος – Τμήμα Γεωλογίας – Αριστοτέλειο Πανεπιστήμιο Θεσσαλονίκης

 

 

13 

 

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
3
. 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 × 3 × 72. If the number  1176 

represented a complex concept  𝑐  and the primes 2, 3, 7 represented three distinct 

simple ideas 𝑥, 𝑦, 𝑧 of the alphabet of human thoughts, then concept 𝑐 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  𝑐  is composed of simple ideas  𝑠𝑗 ∈ 𝐴, where  𝑗 ∈ ℕ; in general, these 

𝑠𝑗  form a multiset which is denoted by 𝐴𝑐 . For example, if  𝑐 = 1176  then we have 

𝐴1176 =  2, 2, 2, 3, 7, 7 , where 𝑠1 = 𝑠2 = 𝑠3 = 2, 𝑠4 = 3 and 𝑠5 = 𝑠6 = 7 (we should 

                                                           
3
    The idea of an inventory of innate concepts originated in the 17

th
 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 𝑐 = 1176 makes sense only within the context of the 

analogy with primes). 

 

 
 

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
4
) 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
5
. But we can still propose two properties that a source of social influence should 

satisfy. The first property is obvious:  

 

𝑷𝟏)   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 

                                                           
4
  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. 
5
   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 𝑝𝑖 ,𝑘 . Of course, 

different agents may form different ideas about the same source, since they may receive 

different information (due to quality
6
 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  𝑝𝑖 . 

We are now ready to state the second property. Let us remember that if 𝑐 is a 

complex idea, then 𝐴𝑐  is the multiset of its simple ideas. So: 

 

𝑷𝟐𝒂) Given an agent, a topic-opinion 𝑐 and a source 𝑖 of social influence with 

profile 𝑝𝑖  (according to the agent), we have 

 

                                   𝐴𝑐 ∩ 𝐴𝑝𝑖
 > 𝜗(𝑐)    , where  𝜗 𝑐 ∈ ℕ .                            (1) 

 

It means that the number of common simple ideas between 𝐴𝑐  and 𝐴𝑝𝑖
 must be greater 

than the threshold  𝜗 𝑐 , which is a function of topic-opinion 𝑐. In this way, a source 𝑖, 
that influences the agent on topic-opinion 𝑐, 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
7
. 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, 𝜗 𝑐  reflects 

an inevitable element of arbitrariness. Finally, the second property is complete by 

considering the following: 

 

𝑷𝟐𝒃)  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.     

 

 

                                                           
6
   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.  
7
   In order to make comparisons, we must consider comparable numbers of simple ideas. For example, let 

us consider two pairs of complex ideas, 𝑐1 and 𝑐2  &  𝑐3 and 𝑐4, where  𝐴𝑐1
 =  𝐴𝑐3

  and  𝐴𝑐2
 =  𝐴𝑐4

  

(comparable numbers). Then, if  𝐴𝑐1
∩ 𝐴𝑐2

 >  𝐴𝑐3
∩ 𝐴𝑐4

  , we can say that 𝑐1 and 𝑐2 are more 

relevant to each other than 𝑐3 and 𝑐4 are relevant to each other (since the number of common simple 

ideas between 𝐴𝑐1
 and 𝐴𝑐2

 is larger than the number of common simple ideas between 𝐴𝑐3
 and 𝐴𝑐4

 ).   
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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: 

 

𝑯𝟏)   If  𝑐  is a complex opinion, then all elements of  𝐴𝑐   are 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: 

 

𝑯𝟐)  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 𝑐, according to 

properties 𝑃1, 𝑃2𝑎  and 𝑃2𝑏 ; 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 𝜆0. The value of 𝜆0 is between −1 and +1; indeed, topic-

opinion 𝑐 is generally a complex opinion so, by the 𝐻2 assumption, such value is 

meaningful. In other words, we could say that 𝜆0 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 𝑐, 𝑖 = 1,2, … , 𝑁) 

agrees or disagrees with topic-opinion 𝑐, according to the agent, is denoted by 𝜆𝑖 . 

Again, 𝜆𝑖  has a value between −1 and +1, since topic-opinion 𝑐 is generally a complex 

opinion (𝐻2 assumption). In other words, we could say that 𝜆𝑖  represents source 𝑖's 

opinion on topic 𝑐, according to the agent. 

We want to highlight the fact that  𝑝𝑖  and  𝜆𝑖  represent two different things. Both 

𝑝𝑖  and 𝜆𝑖  are defined according to the agent, but 𝜆𝑖  depends on the topic under 

consideration (by definition) while 𝑝𝑖  is topic-independent. Moreover, 𝜆𝑖  is expressed 

by a numerical value while 𝑝𝑖  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 𝑃2𝑎  and 𝑃2𝑏 , it is a source of social influence on a certain topic-

opinion or not, respectively); on the other hand, 𝜆𝑖  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 (𝑝𝑖) of the source according to the agent but it does not 

necessarily change the source's opinion (𝜆𝑖) 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 𝑝𝑖  according to the agent; also, the politician totally supports freedom of the 

press/media (topic-opinion) according to the agent (so, it is  𝜆𝑖 ≅ +1). At some point, 

the agent learns that the politician's university degree is fake, so 𝑝𝑖  is updated. But 𝜆𝑖  

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 𝑝𝑖  is updated once again, but now 𝜆𝑖  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 𝜆0 and 𝜆𝑖  (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 𝑃2𝑎  refers to a source 𝑖 of social 

influence, given the agent and topic-opinion 𝑐, and makes use of the (cardinal) number 

 𝐴𝑐 ∩ 𝐴𝑝𝑖
  . This number is denoted by 𝐾𝑖  and measures the quantity of information 

(simple ideas) that is communicated to the agent from source 𝑖 (that belong to 𝐴𝑝𝑖
) and 

is relevant to the topic-opinion at the same time (belong to 𝐴𝑐). So, for a source 𝑖 of 

social influence we have  𝐾𝑖 =  𝐴𝑐 ∩ 𝐴𝑝𝑖
 ; for all the sources in 𝐺 (the agent's social set 

on topic-opinion 𝑐) we have 𝐾1 , 𝐾2 , … , 𝐾𝑁. The sum of all these is denoted by 𝐾0, 

which means 

 

                                         𝐾0 = 𝐾1 + 𝐾2 + ⋯ + 𝐾𝑁.                                            (2) 

 

In this way, 𝐾0 measures the total amount of information that is received by the agent 

from all the sources and is relevant to the topic-opinion
8
. 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  𝑚𝑖   and is defined as 

 

                                                                          𝑚𝑖 =
𝐾𝑖

𝐾0
     ,                                                         (3) 

                                                     

where  𝑚𝑖 ∈  0,1 . In other words, 𝑚𝑖  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 𝐾𝑖 > 𝐾𝑗 , we have 𝑚𝑖 > 𝑚𝑗 ; indeed, 

the agent receives a greater amount of (relevant-to- 𝑐) 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 𝑚𝑖  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 𝐾0 becomes larger but 𝐾𝑖  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 𝑚𝑖 ′ of source 𝑖's influence on the agent is less than the 

previous 𝑚𝑖 . 

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 I 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 I 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 I 

consider Paul to be depends on whose influence has the greater magnitude, George's or 

Jim's
9
. 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 𝑐 and a source 𝑖 of social influence, 

𝐴𝑐 ∩ 𝐴𝑝𝑖
  is the set of simple ideas that belong to 𝐴𝑝𝑖

 and to 𝐴𝑐  at the same time. The 

fact that these simple ideas belong to 𝐴𝑐  makes them simple opinions; indeed, according 

to assumption 𝐻1, all elements of 𝐴𝑐  are simple opinions, since topic-opinion 𝑐 is a 

complex opinion. And according to assumption 𝐻2, 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  𝐴𝑐 ∩ 𝐴𝑝𝑖
  are simple opinions. Their natural 

meaning is still the same; they are the relevant-to- 𝑐 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 𝑣𝑖 . The length of the sequence is 𝐾𝑖 =  𝐴𝑐 ∩ 𝐴𝑝𝑖
  

(a value +1 or −1 for each simple opinion), which can be written as  ℓ 𝑣𝑖 = 𝐾𝑖 . The 

number of  +1𝑠 in 𝑣𝑖  is denoted by  ℓ 𝑣𝑖
+ , while the number of  −1𝑠 in 𝑣𝑖  is denoted 

by  ℓ 𝑣𝑖
− . Of course, it is  ℓ 𝑣𝑖 = ℓ 𝑣𝑖

+ + ℓ 𝑣𝑖
− . Now, let us consider the difference 

ℓ 𝑣𝑖
+ − ℓ 𝑣𝑖

− . We have the following cases: 

 

𝐴) If  ℓ 𝑣𝑖
+ − ℓ 𝑣𝑖

− > 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 (𝜆𝑖). 

 

𝐵) If  ℓ 𝑣𝑖
+ − ℓ 𝑣𝑖

− < 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 (𝜆𝑖). 

 

The idea is that by having source  𝑖's opinion (𝜆𝑖) multiplied by a positive 

difference (the agent is receptive to 𝜆𝑖), the sign of 𝜆𝑖  remains the same; on the other 

                                                           
9
   As we will see later, what I consider Paul to be is a weighted average (with the magnitudes as weights). 

    In that sense, a possible outcome could be e.g. I 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 (𝜆𝑖) multiplied by a negative difference (the agent is 

rejective of 𝜆𝑖), the sign of 𝜆𝑖  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  𝑒𝑖   and is defined as 

 

                                           𝑒𝑖 =
ℓ 𝑣𝑖

+ − ℓ 𝑣𝑖
− 

ℓ 𝑣𝑖 
=

ℓ 𝑣𝑖
+ − ℓ 𝑣𝑖

− 

𝐾𝑖
     ,                                 (4) 

 

where  𝑒𝑖 ∈  −1, +1 . The difference is divided by  ℓ 𝑣𝑖 = 𝐾𝑖   so that the value of  𝑒𝑖  

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: 

 

                                                                 𝜆0 =  𝑚𝑖

𝑁

𝑖=1

𝑒𝑖𝜆𝑖       .                                                    (5) 

 

The agent's opinion on topic 𝑐, or the degree to which the agent agrees or disagrees with 

topic-opinion 𝑐, is the weighted average of products 𝑒𝑖𝜆𝑖  (𝑖 = 1,2, … , 𝑁), with the 

magnitudes (𝑚𝑖) 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: 

 

           𝜆0 =  𝑚𝑖

𝑁

𝑖=1

𝑒𝑖𝜆𝑖 =  
𝐾𝑖

𝐾0

𝑁

𝑖=1

∙
ℓ 𝑣𝑖

+ − ℓ 𝑣𝑖
− 

𝐾𝑖
∙ 𝜆𝑖 =  

ℓ 𝑣𝑖
+ − ℓ 𝑣𝑖

− 

𝐾0

𝑁

𝑖=1

∙ 𝜆𝑖       

 

so, we have 

 

                                                    𝜆0 =
1

𝐾0
   ℓ 𝑣𝑖

+ − ℓ 𝑣𝑖
−  

𝑁

𝑖=1

∙ 𝜆𝑖        .                               (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 𝐾0, 

which represents the extent to which the agent is informed about the topic ((6)). So, 

given a 𝐾0, the agent's opinion 𝜆0 is calculated. As 𝐾0 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 𝐾0. 
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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 𝜆𝐺𝑒𝑜 = −1. The fact that George is my enemy is expressed by 𝑒𝐺𝑒𝑜 = −1 

(simplified). Jim considers Paul to be his enemy, so Jim also totally disagrees with the 

topic-opinion and  𝜆𝐽𝑖𝑚 = −1. The fact that Jim is my friend is expressed by  𝑒𝐽𝑖𝑚 = +1 

(simplified). Let 𝑚𝐺𝑒𝑜 = 0.6 and 𝑚𝐽𝑖𝑚 = 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:       

 

𝜆0 = 𝑚𝐺𝑒𝑜 𝑒𝐺𝑒𝑜 𝜆𝐺𝑒𝑜 + 𝑚𝐽𝑖𝑚 𝑒𝐽𝑖𝑚 𝜆𝐽𝑖𝑚 = 0.6 ∗  −1 ∗  −1 + 0.4 ∗  +1 ∗  −1  

        = 0.6 − 0.4       
      = +0.2          .   

 

This is the degree to which I agree with the topic-opinion. The interpretation of the 

outcome is that I 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 𝑝𝑖,𝑘  of source  𝑖 according to 

agent 𝑘. Given an agent  𝑘, a topic-opinion 𝑐 and a source 𝑖 of social influence, we 

have:   

 

𝐺𝑘 ,𝑐   ,  𝜆0,𝑘 ,𝑐   ,  𝜆𝑖 ,𝑘 ,𝑐   ,  𝐾𝑖 ,𝑘 ,𝑐   ,  𝐾0,𝑘 ,𝑐   ,  𝑣𝑖 ,𝑘 ,𝑐   ,  𝑚𝑖 ,𝑘 ,𝑐   ,  𝑒𝑖 ,𝑘 ,𝑐   . 
 

 

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 𝑃1 and 𝑃2 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 𝑐 by 𝑁 sources, each 

communicating relevant-to- 𝑐 information to the person. Obviously, the amount of 

information that is communicated (𝐾𝑖 , 𝑖 = 1,2, … , 𝑁) varies from source to source, 

depending on the level of the agent's exposure to the source (relevant-to- 𝑐 exposure). 

For example, given a common political topic of general nature, some sources of social 

influence may have much larger 𝐾𝑖  (e.g. a child's parents, a person's spouse etc.), other 

sources may have smaller 𝐾𝑖  (e.g. friends, colleagues etc.) and other sources may have 

much smaller 𝐾𝑖  (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 𝐾𝑖) is a group of greater size (larger number of sources). So, an 

agent receives large amounts of information (large 𝐾𝑖) 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 𝐾𝑖 , but many more 

sources with small 𝐾𝑖 . 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 𝐾𝑖  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 

𝐾𝑖  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 𝑃1 and 𝑃2. The agent can have control over both properties and therefore, 

control over sources. First, let us discuss control over property 𝑃1. 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 𝑃2, 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  𝐾𝑖 =  𝐴𝑐 ∩ 𝐴𝑝𝑖
   less than 𝜗(𝑐) (not a source of social 

influence on 𝑐, where 𝑐 is a political topic), but the person starts discussing politics 

with the grandfather more frequently and learns more from him and eventually 𝐾𝑖  

becomes greater than 𝜗(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
10

. 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
11

 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 

                                                           
10

   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. 
11

  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 (𝑃1) and they need to 

communicate to the agent relevant-to-topic information in a sufficiently large amount (𝑃2). 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 𝐾𝑖  each and 

the unstructured-dynamic group which contains a large number of sources with small 𝐾𝑖  

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 𝑐 and the agent's social set 𝐺 (on topic-opinion 𝑐) 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 𝑁𝑋 , while 

the dynamic group is denoted by 𝑍 and the number of sources in it by 𝑁𝑍 (𝑁𝑋 < 𝑁𝑍 , 

𝑁𝑋 + 𝑁𝑍 = 𝑁). Now, the intensity of the influence generated by a source 𝑖 is the 

product 𝑚𝑖  𝑒𝑖 , 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 

𝑚𝑓𝑎𝑡 ℎ𝑒𝑟 = 𝑚𝑚𝑜𝑡 ℎ𝑒𝑟  and  𝑒𝑓𝑎𝑡 ℎ𝑒𝑟 = +1, 𝑒𝑚𝑜𝑡 ℎ𝑒𝑟 = −1. The intensity of the influence 

generated by 𝑋 is 

 

𝑚𝑓𝑎𝑡 ℎ𝑒𝑟  𝑒𝑓𝑎𝑡 ℎ𝑒𝑟  + 𝑚𝑚𝑜𝑡 ℎ𝑒𝑟  𝑒𝑚𝑜𝑡 ℎ𝑒𝑟  = 𝑚𝑓𝑎𝑡 ℎ𝑒𝑟  +1 + 𝑚𝑚𝑜𝑡 ℎ𝑒𝑟  −1  

                                     = 𝑚𝑓𝑎𝑡 ℎ𝑒𝑟 + 𝑚𝑚𝑜𝑡 ℎ𝑒𝑟  

                                  = 2 ∗ 𝑚𝑚𝑜𝑡 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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                                                           𝑚𝑖 𝑒𝑖 

𝑁𝑋

𝑖=1

=  𝑚𝑖 𝑒𝑖 

𝑁

𝑖=𝑁𝑋 +1

         ,                                    (7) 

 

where a source 𝑖 for  𝑖 = 1,2, … , 𝑁𝑋   is considered to belong to static group 𝑋, while a 

source 𝑖 for  𝑖 = 𝑁𝑋 + 1, 𝑁𝑋 + 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: 

 

 
𝐾𝑖

𝐾0
∙  

ℓ 𝑣𝑖
+ − ℓ 𝑣𝑖

− 

𝐾𝑖
 

𝑁𝑋

𝑖=1

=  
𝐾𝑖

𝐾0
∙  

ℓ 𝑣𝑖
+ − ℓ 𝑣𝑖

− 

𝐾𝑖
 

𝑁

𝑖=𝑁𝑋 +1

 

 

therefore 

 

1

𝐾0
   ℓ 𝑣𝑖

+ − ℓ 𝑣𝑖
−  

𝑁𝑋

𝑖=1

=
1

𝐾0
   ℓ 𝑣𝑖

+ − ℓ 𝑣𝑖
−  

𝑁

𝑖=𝑁𝑋 +1

 

 

and hence 

 

                                        ℓ 𝑣𝑖
+ − ℓ 𝑣𝑖

−  

𝑁𝑋

𝑖=1

=   ℓ 𝑣𝑖
+ − ℓ 𝑣𝑖

−  

𝑁

𝑖=𝑁𝑋 +1

      .                      (8) 

 

Now, let the average of the quantities  ℓ 𝑣𝑖
+ − ℓ 𝑣𝑖

−   in static group 𝑋 be denoted by 

𝑒𝑋  and let the average of the quantities  ℓ 𝑣𝑖
+ − ℓ 𝑣𝑖

−   in dynamic group 𝑍 be denoted 

by 𝑒𝑍. So, we have: 

 

                                                     𝑒𝑋 =
1

𝑁𝑋
   ℓ 𝑣𝑖

+ − ℓ 𝑣𝑖
−  

𝑁𝑋

𝑖=1

                                              (9) 

 

and 

 

                                                  𝑒𝑍 =
1

𝑁𝑍
   ℓ 𝑣𝑖

+ − ℓ 𝑣𝑖
−  

𝑁

𝑖=𝑁𝑋 +1

     .                                  (10) 

 

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

If the number 𝑁𝑋  of sources in the static group and the average 𝑒𝑋  are known, then 

equation (11) provides information about the number 𝑁𝑍 of sources in the dynamic 

group (given the average 𝑒𝑍) or about the average 𝑒𝑍 (given 𝑁𝑍). Given the structured 

and limited (in number of sources) nature of the static group, information about the 

static group (like 𝑁𝑋  and 𝑒𝑋) 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 𝐾𝑖  each, the ―friends‖ group 

contains a larger number of sources with smaller but still large 𝐾𝑖  each and the 

―acquaintances‖ group contains a much larger number of sources with much smaller 𝐾𝑖  

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 𝐾𝑖  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 𝐾𝑖  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 𝐾𝑖 . 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 𝐾𝑖  in groups 𝑋, 𝑌, 𝑍 is denoted by 𝐾𝑋 , 𝐾𝑌 and 𝐾𝑍 respectively. So, we have: 

 

𝑯𝟑)  Given an agent, a topic-opinion 𝑐 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 𝑁𝑋 < 𝑁𝑍 , 

𝑁𝑋 + 𝑁𝑍 = 𝑁,  𝐾𝑋 > 𝐾𝑍   and 

 

                                                     𝑁𝑋𝑒𝑋 = 𝑁𝑍𝑒𝑍                                                     (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, 𝑐1 and 𝑐2, on which the agent forms opinion under social 

influence. We say that 𝑐1 is more general than 𝑐2 (or that 𝑐2 is more specific than 𝑐1), if 
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 𝐴𝑐1
 >  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 

is composed of a large number of simple ideas, forming opinion on this topic is likely to 

involve more sources of social influence with diverse 𝐾𝑖 , 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 𝐾𝑖  (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 are 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 𝐺1,𝑐 , 𝐺2,𝑐 , ... , 𝐺𝑀,𝑐 . The label ―social sets completely different 

from each other‖ is written as  𝐺𝑘 ,𝑐 ∩ 𝐺𝑙 ,𝑐 = ∅, whenever 𝑘 ≠ 𝑙. The label ―social sets 

equal to each other‖ is written  𝐺1,𝑐 = 𝐺2,𝑐 = ⋯ = 𝐺𝑀,𝑐 . 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. (no 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.    

 

 

 
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 (𝜆0) 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, 𝜆1 and 𝜆2, respectively (values 0.75, 0.5, 

0.25, 0, -0.25 and 0). Questions 4 and 5 provide values for 𝐾1 and 𝐾2 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 𝑒1 and 𝑒2 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 𝐾0 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 𝐾𝑖 = 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
12

. 

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 𝑒1 and 𝑒2, 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 𝑒1 and 𝑒2 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 ℓ 𝑣𝑖
+ − ℓ 𝑣𝑖

− , for 𝑖 = 1,2, … , 𝑁, is taken in its absolute 

value, since 𝑒𝑖  is taken in its absolute value in (4) and 2) we have 𝜆𝑖 = +1, for          

𝑖 = 3, … , 𝑁 (for sources in the dynamic group). 

So for each agent-respondent, we collect 𝜆0, 𝜆𝑖  (for  𝑖 = 1,2, … , 𝑁), 𝐾1, 𝐾2 and the 

absolute values of 𝑒1 and 𝑒2. By assumption 𝐻3, 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
13

. So, 𝑁𝑋 = 2 and 𝑁𝑍 is the number of right 

answers. Also, from equation (2), adding 𝐾1, 𝐾2 and the number of right answers 

together gives us an index for 𝐾0. We work as follows: 

 

- We calculate  ℓ 𝑣𝑖
+ − ℓ 𝑣𝑖

− , for  𝑖 = 1,2, from (4). 

- We calculate 𝑒𝑋  from (9). 

- We calculate 𝑒𝑍 from (11). 

 

So, we can calculate the predicted 𝜆0 from (6): 

  

𝑝𝑟𝑒𝑑𝑖𝑐𝑡𝑒𝑑 𝜆0 =
1

𝐾0
   ℓ 𝑣𝑖

+ − ℓ 𝑣𝑖
−  

𝑁

𝑖=1

∙ 𝜆𝑖  

 

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

 

                                       𝑝𝑟𝑒𝑑𝑖𝑐𝑡𝑒𝑑 𝜆0 =
1

𝐾0
   ℓ 𝑣𝑖

+ − ℓ 𝑣𝑖
−  

𝑁

𝑖=1

∙ 𝜆𝑖          .                     (13) 

 

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

 

         ℓ 𝑣𝑖
+ − ℓ 𝑣𝑖

−  

𝑁

𝑖=3

∙ 𝜆𝑖        , 

 

is written (for  𝜆𝑖 = +1, for 𝑖 = 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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         ℓ 𝑣𝑖
+ − ℓ 𝑣𝑖

−  

𝑁

𝑖=3

= 𝑁𝑍  𝑒𝑍 

 

according to (10). All variables in (13) are now known, therefore the predicted 𝜆0 is 

calculated. 

 

4.2  Results 
 

We present all the values obtained from the questionnaires and the values for the 

predicted 𝜆0 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 𝜆0 

 
λ0 λ1 λ2 Κ1 Κ2 e1 e2 right answers predicted λ0

1 0,75 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 0,75 0,75 0,5 4 2 0,8 0,8 2 1

4 0,5 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 0,5 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 0,5 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 0,5 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 𝜆0 = −0.25, while his/her parents' opinions 

are 𝜆1 = 𝜆2 = 0.5 and the frequency of political discussions with them is very often 

(𝐾1 = 𝐾2 = 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 (𝜆0 = +0.75), but at the same time political discussions with family 

are rare (𝐾1 = 𝐾2 = 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 𝐾1, 𝐾2, 𝑒1 and 𝑒2) does not generate enough intensity of 

influence to justify the 5-right-answers measurement, according to assumption 𝐻3. 

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 𝜆0 are treated. Typically, 𝜆0 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, 𝜆0 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 𝜆0 and the predicted 𝜆0, 

for the first and the second group of respondents  

 

   First group 

(32 respondents) 
Second group 

(21 respondents) 

Observed 𝜆0 as 

continuous  

variable 

Linear 

regression 

Slope 0.3109 0.6560∗∗ 

Intercept 0.3636∗∗∗ 0.2038 

Pearson correlation 0.2864 0.6049∗∗ 

RMSE 0.3190948 0.2246345 

 Observed 𝜆0 as 

ordinal variable 
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 𝜆0 is a continuous 

variable. Observed λ0, 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 λ0 and the predicted 

𝜆0. 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 𝐾𝑖  are concerned. 

The theoretical values of the various 𝐾𝑖  are not known (this would require knowing the 

value of the corresponding  𝐴𝑐 ∩ 𝐴𝑝𝑖
 ), so we assign relative values to the 𝐾𝑖  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 𝐻3 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 𝐻3 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 Gödel 

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 (𝑠1, 𝑠2, 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 𝐴𝑝𝑖
 and the 𝐴𝑐 , using 

these simple ideas
14

. For example, we could specify the extent to which the agent is 

informed about the topic (𝐾0) 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 𝑐, involving  𝐴𝑐  , 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.   

                                                           
14

  For a simplified simulation design, we could construct the various 𝐴𝑝𝑖
 and the 𝐴𝑐  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 𝐻3 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: 

 

 
Question 1 — Multiple Choice    
ρεηηθά κε ηηο ηειεπηαίεο εζληθέο εθινγέο (7 Ηνπιίνπ 2019), ηη ηζρύεη από ηα παξαθάησ 

γηα εζάο? 

Θεώξεζα όηη είλαη πνιύ ζεκαληηθέο εθινγέο 
   

Θεώξεζα όηη είλαη απιά ζεκαληηθέο εθινγέο 
   

Θεώξεζα όηη είλαη απιά κηα ππνρξέσζε ηνπ θάζε πνιίηε 
   

Μνπ ήηαλ αδηάθνξεο σο εθινγέο 
   

Δίκαη γεληθά αληίζεηνο κε ηνλ ζεζκό ησλ εθινγώλ 
   

 

 

Question 2 — Multiple Choice 

ρεηηθά κε ηηο ηειεπηαίεο εζληθέο εθινγέο (7 Ηνπιίνπ 2019), ηη ηζρύεη από ηα παξαθάησ 

γηα ηνλ παηέξα ζαο? 

Ο παηέξαο κνπ ζεώξεζε όηη είλαη πνιύ ζεκαληηθέο εθινγέο 
   

Ο παηέξαο κνπ ζεώξεζε όηη είλαη απιά ζεκαληηθέο εθινγέο 
   

Ο παηέξαο κνπ ζεώξεζε όηη είλαη απιά κηα ππνρξέσζε ηνπ θάζε πνιίηε 
   

Σνπ ήηαλ αδηάθνξεο σο εθινγέο 
   

Ο παηέξαο κνπ είλαη γεληθά αληίζεηνο κε ηνλ ζεζκό ησλ εθινγώλ 
   

Γελ μέξσ ηελ άπνςή ηνπ 
   

 

    
Question 3 — Multiple Choice 

ρεηηθά κε ηηο ηειεπηαίεο εζληθέο εθινγέο (7 Ηνπιίνπ 2019), ηη ηζρύεη από ηα παξαθάησ 

γηα ηε κεηέξα ζαο? 

Ζ κεηέξα κνπ ζεώξεζε όηη είλαη πνιύ ζεκαληηθέο εθινγέο 
   

Ζ κεηέξα κνπ ζεώξεζε όηη είλαη απιά ζεκαληηθέο εθινγέο 
   

Ζ κεηέξα κνπ ζεώξεζε όηη είλαη απιά κηα ππνρξέσζε ηνπ θάζε πνιίηε 
   

Σεο ήηαλ αδηάθνξεο σο εθινγέο 
   

Ζ κεηέξα κνπ είλαη γεληθά αληίζεηε κε ηνλ ζεζκό ησλ εθινγώλ 
   

Γελ μέξσ ηελ άπνςή ηεο 
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Question 4 — Rating Scale 

Πόζν ζπρλά ζπδεηάηε γηα πνιηηηθά ζέκαηα κε ηνλ παηέξα ζαο? 

πάληα (1) 
   

Κάπνηεο θνξέο (2) 
   

πρλά (3) 
   

Πνιύ ζπρλά (4) 
   

 

 

Question 5 — Rating Scale 

Πόζν ζπρλά ζπδεηάηε γηα πνιηηηθά ζέκαηα κε ηε κεηέξα ζαο? 

πάληα (1) 
   

Κάπνηεο θνξέο (2) 
   

πρλά (3) 
   

Πνιύ ζπρλά (4) 
   

 

 

Question 6 — Rating Scale 

Πόζν ζπκθσλείηε/δηαθσλείηε ζηα πνιηηηθά ζέκαηα κε ηνλ παηέξα ζαο? 

πκθσλώ ζηα πεξηζζόηεξα κε ηνλ παηέξα κνπ (1) 
   

πκθσλώ ζε πεξηζζόηεξα από όζα δηαθσλώ κε ηνλ παηέξα κνπ (2) 
   

Ούηε ζπκθσλώ νύηε δηαθσλώ κε ηνλ παηέξα κνπ (3) 
   

Γηαθσλώ ζε πεξηζζόηεξα από όζα ζπκθσλώ κε ηνλ παηέξα κνπ (4) 
   

Γηαθσλώ ζηα πεξηζζόηεξα κε ηνλ παηέξα κνπ (5) 
   

 

 

 

Question 7 — Rating Scale 

Πόζν ζπκθσλείηε/δηαθσλείηε ζηα πνιηηηθά ζέκαηα κε ηε κεηέξα ζαο? 

πκθσλώ ζηα πεξηζζόηεξα κε ηε κεηέξα κνπ (1) 
   

πκθσλώ ζε πεξηζζόηεξα από όζα δηαθσλώ κε ηε κεηέξα κνπ (2) 
   

Ούηε ζπκθσλώ νύηε δηαθσλώ κε ηε κεηέξα κνπ (3) 
   

Γηαθσλώ ζε πεξηζζόηεξα από όζα ζπκθσλώ κε ηε κεηέξα κνπ (4) 
   

Γηαθσλώ ζηα πεξηζζόηεξα κε ηε κεηέξα κνπ (5) 
   

 

 

Question 8 — Multiple Choice 

Αο ζεσξήζνπκε ηνλ θιαζηθό δηαρσξηζκό ησλ πνιηηηθώλ απόςεσλ ζε αξηζηεξέο-

θεληξώεο-δεμηέο. Ση ηζρύεη γηα εζαο? 

Οη πνιηηηθέο κνπ απόςεηο αλήθνπλ μεθάζαξα ζε έλαλ από ηνπο ηξεηο ρώξνπο 
   

Οη πνιηηηθέο κνπ απόςεηο αλήθνπλ ζε παξαπάλσ από έλαλ ρώξνπο 
   

Οη πνιηηηθέο κνπ απόςεηο δελ αλήθνπλ πνπζελά 
   

 

    



Ψηφιακή βιβλιοθήκη Θεόφραστος – Τμήμα Γεωλογίας – Αριστοτέλειο Πανεπιστήμιο Θεσσαλονίκης

 

 

37 

 

Question 9 — Multiple Choice 

Πόζα θόκκαηα βξίζθνληαη ζήκεξα ζηε Βνπιή? 

4 
   

5 
   

6 
   

7 
   

 

 

Question 10 — Multiple Choice 

Πνηνη είλαη νη δύν αληηπξόεδξνη ηεο Νέαο Γεκνθξαηίαο? 

Κσζηήο Υαηδεδάθεο, Παλαγηώηεο Πηθξακκέλνο 
   

Άδσληο Γεσξγηάδεο, Παλαγηώηεο Πηθξακκέλνο 
   

Κσζηήο Υαηδεδάθεο, Άδσληο Γεσξγηάδεο 
   

Καλέλα δίδπκν από ηα παξαπάλσ 
   

Γε γλσξίδσ λα πσ κε ζηγνπξηά 
   

 

    
Question 11 — Multiple Choice 

Πνηα από ηηο παξαθάησ εθεκεξίδεο είλαη θνκκαηηθό όξγαλν ηνπ ΤΡΗΕΑ? 

Σν Documento 
   

Ο Ρηδνζπάζηεο 
   

Ζ Δθεκεξίδα ησλ πληαθηώλ 
   

Κακκία εθεκεξίδα από ηηο παξαπάλσ 
   

Γε γλσξίδσ λα πσ κε ζηγνπξηά 
   

 

 

 
   

Question 12 — Multiple Choice 

Πνηνο ήηαλ ππνπξγόο εμσηεξηθώλ όηαλ ππεγξάθε ε ζπκθσλία ησλ Πξεζπώλ? 

Νίθνο Γέλδηαο 
   

Νίθνο Κνηδηάο 
   

Γηώξγνο Καηξνύγθαινο 
   

Καλέλαο από ηνπο παξαπάλσ 
   

Γε γλσξίδσ λα πσ κε ζηγνπξηά 
   

    
 

Question 13 — Multiple Choice 

ηα πόζα επξώ έρεη δηακνξθσζεί ζήκεξα ν θαηώηαηνο κηζζόο? 

585 
   

650 
   

710 
   

Καλέλα από ηα παξαπάλσ 
   

Γε γλσξίδσ λα πσ κε ζηγνπξηά 
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