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The modeling of opinion dynamics in social systems has attracted a good deal of
attention in the last decade. Even though based on intuition and observation, the
mechanisms behind many of these models need solid empirical grounding. In this
work, we investigate the relation among subjective variables (such as the personality),
the dynamics of the affinity network dynamics, the communication patterns emerging
throughout the social interactions and the opinions dynamics in a series of experiments
with five small groups of ten people each. In order to ignite the discussion, the polemic
topic of animal experimentation was proposed. The groups essentially polarized in two
factions with a set of stubborn individuals (those not changing their opinions in time)
playing the role of anchors. Our results suggest that the different layers present in the
group dynamics (i.e., individual level, group dynamics and meso-communication) are
deeply intermingled, specifically the stubbornness effect appears to be related to the
dynamical features of the network topologies, and only in an undirected way to the
personality of the participants.

Keywords: small group dynamics, cyber psychology, opinion dynamics, stubborness effect, web based human
interaction

1. Introduction

Opinion dynamics modeling has witnessed a surge of interest in the last few years [1]. Most of these
models are based on dyadic relations, producing sensible results within the framework of “large”
human communities [2-4] including effects such as the influences of the clusterization as well as
the minority or the extremist effects [5-7]. However, many real life social interactions take place in
the small groups, where the rules of behavior may be more complex that those captured in dyadic
models. The relevance of the so-called small group dynamics has generated an interesting scientific
production from several domains [8-17]. In particular, the e-democracy applications [18-20],
collective social problem solving, and the importance of a specific model for the opinion dynamics
within the small group are currently evident.

In cognitive and social sciences, a small group is usually defined by 8-12 individuals, sharing the
same environment, where frequent and regular interactions happen. The interaction among the
members of the group are often characterized by some cognitive and affective factors, resulting
in the merging of individual processes and group processes as well as in the interdependence
among the individuals. The size of the small group allows participants to manage a large amount
of cognitive and affective information, which leads to a complex prototype construction process
prompting individuals to interact effectively with the other members of the group. In this way the
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relationships among individuals engaged in a small group are
strongly linked to the “history” of the previous interactions,
which is quite different from what happens in “large” groups
where the high number of participants prevent from keeping an
accurate track of the many qualities related to interactions.

The dynamics of small groups is thus determined by two
scales: the individuals with their own evolution and intrinsic
variables, and the group itself for which the interactions between
individuals and their history are fundamental. The relation
between the two scales follows a feedback loop with the local
(i.e., the individual) dynamics shaping the global (i.e., group)
dynamics, and vice-versa [21]. The complex interaction among
such dynamics can be the key mechanism of several group
phenomena, as the emergence of different communication
topologies [22-25], the structuring of the social identity, the in-
group/out-group effects [26, 27], as well as of the social influence
processes [28-31].

The main target of this work is to explore the relationships
among personality, communication dynamics, affinity network
and opinion dynamics. Starting from the point of view proposed
by Lewin in the Field theory [32], the role of the topology of
the psychological field, defined as the product of the affinity
between participants with their opinion difference, is explored
so as to investigate the theorized interaction between personality
and environment, where the behavior of people is described by
Lewin as a complex function of personality or personal attitude,
and the environment. In reference to the first of the two factors
proposed by Lewin, the aspects related to the subjective variables,
some more crystallized (i.e., structure of personality, age, sex),
others more fluid and in some way more context related (i.e., state
anxiety, opinion toward a specific topic) are considered. As for
the second factor, a virtual environment where the participants
interact controlling every feature and aspect of interaction with
the community was designed.

According to Festinger [30], group pressures toward the
uniformity of opinion have the function to preserve social reality
(i.e., the reality built and shared by the members, as a reference
point and a way to identify themselves with the group). Moreover,
the theory of cognitive dissonance [33] describes the tendency
to be coherent in our way of thinking and acting. Festinger’s
vision can well summarize the intertwined relationship between
the individuals and the social environment, between personal
opinion and the opinion of the group. The consensus and attitude
changes in groups have been in the latest years the target of
different approaches ranging from physics to social and cognitive
sciences [34-37]. The public opinion and the public debates are
today crucial ingredients in modern society policy making [38],
and the dynamics of such processes are affected by a several
factors ranging from the individual resistance to the change to the
collective beliefs effect and the minorities role in the breaking of
democratic opinion dynamics [7, 39]. Given the quasi-systematic
co-occurrence of the previous described phenomena during a
human group interaction, it is easy to understand how important
is to consider all of them in the experimental design, as well as
in the data interpretation. In our work, such considerations are
taken into account by gathering some data about the “hidden”
network that can affect the interactions among the participants

and the opinion dynamics, therefore, such a network as the
affinity among the individuals is considered. Our definition of
affinity is the strength of the relationship between people, or their
coupling in terms of social closeness [40].

This paper is structured as follows: in Section 2, the
experimental design, briefly describing the chat environment
where the participants interact is described. Subsequently,
the variables gathered and the statistical analysis applied are
presented. In Section 3, our main results of the interpretation
of the experimental data are presented. In the last section, the
conclusions of our work, and the deriving implication from the
small group opinion dynamics interpretation are summarized.

2. Materials and Methods

The experimental condition and the virtual experimental
environment were designed in order to investigate the opinion
dynamics of a small group of totally unknown people, gathering
their affinity network representations, their opinion at a certain
time, and every aspect related to their communication networks
(i.e., the public and private).

Every small group was involved in a discussion about animal
experimentation within a chat-room environment for 45 min
after a 10-min standardized training phase. The chat-room was
divided into two parts: a public space (i.e., messages visible
to all) and a private space (i.e., messages visible only to the
recipient). The participants had to accompany their messages
with a positive, neutral or negative mood, thus providing
invaluable information about the mood of the textual message
[41-43].

Furthermore, the participants had to manipulate two “radars”:
a private radar was used by the participants to configure and
to represent their personal affinity space, and a public radar
which simulated a real room where the interaction took place,
affecting the contrast of the font with which the messages were
displayed (i.e., the distance between two participants made the
message less readable, with less contrast, just as it occurs in a real
physical environment where distance affects the loudness of the
spoken message). The task required the subject to discuss animal
experimentation, to negotiate and to mediate one’s own opinion,
without having to reach any consensus. The topic of discussion
was chosen in order to polarize the opinions of the participants
and to force the communication exchange of the participants
around a specific topic.

In order to gather information about the structure of
personality and the anxiety state of the participants in interaction,
two self-report questionnaires before the beginning of the
experimental session {i.e., the Five-Factor Adjective Short Test,
(5-FasT) [44], and a reduced form of a test for anxiety
(STAI) [45]} were administered.

The 5-FasT scoring classifies the subjects by means of
5 personality factors, describing the personality traits of the
participants (Table 1).

The STAI measures two types of anxiety: state anxiety or
anxiety about a con- text, and trait anxiety or anxiety level as a
personal characteristic. It is worth noting that while the anxiety
state usually changed frequently depending on the particular
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TABLE 1 | 5-FasT factors.

TABLE 3 | Communicative and environmental observables.

Factor Adjectives Dimension Description
5-FasT Ne Neuroticism Melancholy, worried, anxious, pessimistic Gy Messages globally sent, both in the public and private side
5-FasT Su Surgency Assertive, energetic, brave, active, enthusiastic Cm Messages sent in the community chat area
5-FasT Ag Agreebleness Patient, calm, reasonable, sympathetic Cposy Messages sent with positive mood in the public side
5-FasT Cl Closeness Quiet, distant, closed, introspective Cnegpy Messages sent with negative mood in the public side
5-FasT Co Conscientiousness Precise, methodical, organized, provident Cnulyy Messages sent with the neutral mood in the public side
o . i ) Py Messages sent in the private side
Examples of adjectives defining the five personality factors.
Pposy Messages sent with positive mood in private side
Pnegp Messages sent with negative mood in private side
TABLE 2 | Opinion collection. Pnuly, Messages sent with neutral moods in private side
. - PUB Radar (x,¥) The coordinates of the subject in the public radar
Opinion Description
PRI Radar (x, ) The coordinates of the subject in the private radar
(15) ini in of i i
Op o5/ Opinion expressed after 15 min of interaction The first 9 observables concern the communication dynamics, the last 2 observables are
opPS) Opinion expressed after 25 min of interaction related with the avatar positions on the two radars.
Op(35/) Opinion expressed after 35 min of interaction
Op(45/) Opinion expressed after 45 min of interaction
Opin Opinion expressed before the begin of the interaction considered. The first step of data analysis was to obtain the
opf Opinion expressed after the conclusion of the interaction  probability to observe an interaction between participants:
opbs Opinion in absolute value (0 = Adverse; 1 = Favorable) "
Emp Empathy for the animals pt — ij 1)
. ) o 7 £
TruSci Perceived trust in science Zj Wij

The first 4 opinions have been collected during the interaction in the small group virtual
discussion, at the contrary the last 5 opinions were expressed before (OpIN, Emp, TruSci)
or after the interaction (OpFl, AbsOp).

context the participants were facing, the anxiety trait was defined
as a more stable feature (i.e., a psychological trait changes slowly
requiring much more time). In order to appreciate the potential
role of anxiety within our framework, only the measure related to
the state of anxiety was considered.

After a standardized training phase, where instructions
were administered to the participants, the opinions of each
participant were recorded through a self-placement within
the values 0-100 (totally unfavorable—totally favorable). This
information was gathered at the beginning and at the end
of every session, and after 15, 25, 35, and 45 of the
interaction. In order to further the individuals’ profiling, before
the discussion, the participants were asked about their feelings
of empathy toward animals, their perceived trust in science and
their absolute final opinion (contrary or favorable) to animal
experimentation. The absolute final opinion request had the
role to force the participants to adopt only one of two possible
votes, respectively labeled as favorable and unfavorable (see
Table 2).

2.1. Procedures and Methods

The data collected before, during and at the end of each
experimental session was used to examine the trend of the
order parameters describing the evolution of the system, both
from the local (i.e., individual and dyadic communication and
affinity dynamics) and the global (i.e., opinion distribution and
global group dynamics) point of view. In the present study only
the frequencies and the directions of the messages exchanged,
the mood information and the moves on the two radars were

where Witj is the sum of the messages sent by i to j at time window

t. As a consequence we can define the activity a! of a subject i as:

N t
Wt
aj= >y T’f )
j= 1L

As for the study of the several communication networks
considered, the centrality degree was used, that produced the sum
of the probabilities of connection between a subject i at time ¢ and
the rest of the network.

In addition to the centrality degree (cf = diag(Pt)?), the
betweenness degree b}, that provides some indications regarding
the structural relevance of the node with respect to the
configuration of the network [46, 47] were considered:

S, (i)
I S 3)

St
jkeNj#k “jk

where S;k(i) is the shortest path passing trough i and connecting

jand k, while S;k is the total number of shortest paths connecting

jand k.

As presented in our previous works [43], the different
communicative dimensions shown in Table 3 for a precise and
focused analysis of the communication networks were used.
Moreover,the relationship between the opinion gathered and
summarized in Table 2 and the characterizing parameters of the
system (i.e., activity, centrality degree and betweenness degree)
were explored. The degree centrality corresponds directly to the
number of connections of each node, while the betweeness of a
node i is related to the number of shortest paths joining every
pair of nodes and crossing through i.
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2.2. Sample

The experiments were conducted at the Psychology Department
of the University of Florence, utilizing the voluntary
collaboration of 50 participants (28 males and 22 females).
The participants presented an average age of 25.88 (std.dev.
6.29), and were divided into 5 small groups of 10 people. Every
small group was made up of individuals who were complete
strangers, and the number of males and females for each group
was balanced in order to have the same distribution for each
small group.

2.3. Data Analysis

A classical statistical approach was used to describe and
define the weight of the subjective factors on the dynamics of
communication, opinion and affinity. A discriminant function
analysis [48] was applied in order to evaluate which parameters
allowed us to classify a dyad as coherent or incoherent (i.e.,
a couple of participants equipped with the same or two
different opinions), or to identify the best predicting factors
of the individual’s opinion changing (i.e., the change of the
opinion with respect to the initial one). Discriminant function
analysis is a statistical analysis able to forecast a categorical
dependent variable (i.e., grouping variable) starting by one or
more continuous or binary independent variables (i.e., predictor
variables). The discriminant functions explained variance is
revealed by means of the canonical correlation index. The
canonical correlation reveals the association between each
variables in the model and the discriminant functions. It allows
us to compare correlations and see how closely a variable is
related to each function [49]. Given the relative reduced size of
our datasets, we are not considering more involved (generalized,
information theory or non-linear) correlation measures. Simpler
estimators such as the canonical correlations should be able to
capture better the signal.

Generally, any variables with a correlation of 0.3 or more
is considered to be important. The larger the canonical
correlation index is, the more amount of variance shared the
linear combination of variables. The eigenvalues are sorted in
descending order of importance. So the first one always explains
that majority of variance in the relationship. Bravais Pearson’s
(r) [50] product-moment correlation was utilized to explore the
relationships between the personality factors, collected by the 5-
FasT and STAI and the order parameters within the different
communication networks. Similarly, the correlations between
the personality traits and the opinion dynamics (Table 2) were
considered. A linear regression method in order to define the
best linear predicting model of the individual’s opinion shifts
were also considered. In order to characterize the participants
who did not change their opinions during the virtual interaction,
their differences compared to the other experimental participants
using the independent sample student-¢ test [51] were analyzed.

3. Results

The investigation stemmed from the assumption that certain
local dynamics happen among individuals, and that their
subjective factors (e.g., personality) affect their mental

TABLE 4 | Significant correlations between the 5-FasT personality factors
and the communicative observables.

Observables 5-FasT 5-FasT 5-FasT 5-FasT 5-FasT

Ne Su Ag Cl Co
STAI 0.423 ns ns ns ns
Activity G{) ns 0545  ns ns  0.369
Activity G ns 0511 ns ns 0403
Activity G{1%) ns 049  ns ns 0395
Activity {18 ns 0515  ns ns 0362
Activity ¢ ns 0480  ns ns 0395
Activity c;‘/‘f/) ns 0.459 ns ns 0.391
Activity Cpos}\}‘r’/) ns 0.473 ns ns ns
Activity Cpos}&,ol) ns 0.488 ns ns ns
Activity Cposﬁs/) ns 0.476 ns ns ns
Activity P}@O/) ns 0.373 ns ns ns
Activity P;\js/) ns 0.382 ns ns ns
Centrality Cpossslol) -0.416 ns ns ns ns
Centrality Pﬁy) ns 0.376 ns ns ns
Betweennesstos;aO/) —0.403 ns ns ns ns
Betweenness PUB Radar €0 ns ns ns 0.381 ns

For reasons of clarity only the correlations significant at level of p < 0.01 are shown. All
the observables reported values of skweness and curtosis ranging between the interval
(—1,+1) and consequently they have been assumed as gaussian distributed.

representations of the social environment, their adopted
communicative behavior, as well as their opinion dynamics.
Therefore, the correlations among the 5-FasT FasT personality
factors and the order parameters related to the communicative
dimensions shown in Table 3 were analyzed. Such a procedure
was adopted in order to assess the “local” variables that
demonstrated a relevant impact on the communication
dynamics.

The scores of personality factors respectively, related to
the surgency scale (5-FasT Su) and to the conscientiousness
scale (5-FasT Co), show significant correlations with several
communicative observables (Table 4). The 5-FasT Su predicts the
participants that produced several messages in community or
in private chat. Furthermore, such personality factors correlate
with the probability of sending positive messages within the
community. The 5-FasT Co positively correlates with number of
messages sent in the community sphere. As expected, the 5-Fast
Ne shows a positive correlation with the STAI scoring. Besides
this, such personality factors are negatively correlated with a
centrality degree and a betweenness degree in the community
positive messages network (CM;SS). During the first 30’ min of
interaction, the participants with a high score in neuroticismin
neuroticism appear to be less involved in positive discussions
within the community. The other two personality factors (i.e., 5-
FasT Ag and 5-FasT Cl) did not show any significant correlation
with the communicative variables, except for the correlation
between the 5-FasT Cl and the betweenness degree in the public
radar.
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TABLE 5 | Discriminant function parameters: model of incoherent dyads.

Parameters Weight (B)
PNEU (15') 0.145
Distance in PRIgApaR (15) 0.096
Difference in 5-FasT Su 0.296
Difference in 5-FasT Ag 0.360
Difference in 5-FasT ClI —0.149
Difference in age 0.894
Total shift in opinion -0.279

Examining the correlations between the 5-FasT factors and the
opinion’s related variables, no 5-FasT factors show a significant
correlation with any opinion’s dimension collected during the
experiments (i.e., final opinion shifts, final decision). Such
findings suggest the existence of no trivial relationships between
the structure of the personality and what emerges from the
opinion dynamics, nevertheless, such apparent independence
seems to be related to the dynamics of the communicative
topology. Likewise, the local dynamics focusing on the dyadic
relationships as well as on the emerging opinion dynamics
were examined. A discriminant function analysis to mine
the best model in order to distinguish the coherent from
the incoherent dyads was applied. A coherent dyad was
defined as a couple of participants sharing the same absolute
opinion.

The discriminant function reached a canonical correlation
of 0.76 and a relative reliability equal to 96.9%. The analysis
produced the first linear approximation of a model characterized
by seven parameters, as shown in Table 5. The probability of
observing a coherent dyad decreased depending on the number
of neutral private messages in the first 15, on the distance in
the private radar in the first 15/, on the difference in age, and on
the difference in the 5-FasT Su and 5-FasT Ag. On the contrary,
such probability increased with the difference in 5-FasT CI as
well as with the difference in the shift in opinion. Only two
observables, related to the dynamics among participants, appear
relevant in order to discriminate a coherent dyad. In short, the
best model takes into account three different traits of personality,
the difference of age between participants, the amount of the
opinion changing, the private neutral messages and the affinity
representations in the early stages (i.e., 15min) of interaction.
Consequently taking the parameters in Table 5, into account, it
appeared to be possible to forecast whether two individuals would
share the same final opinion or not within a dyad in a small group
engaged in a virtual discussion.

Then, our attention was directed to the global dynamics
shown by each experiment. In order to explore the dynamics
of the average opinion within every experimental session, the
opinion centroid of each small group was defined as the average
opinion of their members. As it can be observed in Figure 1, the
average opinion trends of the different experiments show peculiar
evolutions. The opinion centroids follow different pathways,
showing a certain consistency between the initial average value of
opinion and the final one, passing through a series of fluctuations

Evolution of Opinion average within the five experiments

Prone

—— Exp01
100 — Exp02
Exp03
——Exp04
&”\/>_%<
c
k<]
£
S \/—/\
o
Adverse ) ) ) ) )
0 o 15 25 35 45 60

Time (mins.)

FIGURE 1 | Time evolution of the average opinion within the 5 small
group experiments. On the X axis are reported the time steps in which the
opinions were collected (i.e., Op/”, Op15/, Op25/, O,o35,, Op45,, OpFi), while
on the Y axis is reported the average opinion for each experiment, from
adverse (0) to prone (100). In order to facilitate the lecture of the slope and the
trend of the trajectories, in the Y axis we took as extremes values 25 for the
adverse and 75 for the prone. The colored lines indicate the different
experimental sessions.

TABLE 6 | Function parameters discriminating the subjects who change
their final opinion.

Parameters Weight g
Activity CNIEG (30') 1.125
Centrality PRIgapag (1% 0.881
Betweenness Cj°S (48) 0.683
Betweenness Py, (48) —2.874
Betweenness P05 (45 1.840
Betweenness PYFU (89) 1.534
Betweenness PUBgapas (1) —0.517
Betweenness PUBgapags 45) 0.433

due to the interactions among the participants, and their shifts in
opinion.

Upon further exploration of the opinion dynamics, a
discriminant function in order to highlight what parameters
would allow those participants that move away from their initial
opinion to discrimate were applied. The discriminant function is
described by the parameters in Table 6, and shows a canonical
correlation of the model of 0.8 and a relative reliability of 88%.

In fact, 50% (25 subjects) of the entire sample had not changed
opinion after 45’ of interaction. As shown in Table 6, only the
variables related to the groups interaction are involved in the
discriminant function. Very interestingly, the parameters related
to subjective variables, such as personality factors, anxiety, their
opinions or their values/beliefs (i.e., trust in science, empathy
for animals) are not involved in such a function. This finding
seems to identify the emergence of a group phenomenon due
to its independence by the subjective dimensions. If a person
changes or not, albeit slightly, his final opinion based only on his
dynamics of communication can be determined. The best model
considers the frequency of the interactions (i.e., activity in public
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TABLE 7 | Multiple regression models comparison by means of AlCc.

TABLE 8 | Summary of the Opinion shift best model.

Model RSS k R? AlCc A w r2 Adj.r S.E S.S. model S.S. residual F
1 67.04 3 0.34 35.84 90.03 0 0.799 0.746 4.96 1856.03 467.73 15.08*
2 54.91 4 0.48 18.26 72.44 0
S.S., sum of squares; *p < 0.01.
3 40.35 5 0.63 —10.08 4410 3x 1079
4 32.71 6 0.72 —28.48 25.71 3x 1075
5 24.62 7 0.80 —-54.19 0 0.99 TABLE 9 | Predictors coefficients of opinion shift best model.

negative messages), the importance of the individuals within
the structure of the communication detected (i.e., betweenness
parameters) and the topology of the network revealed by the
radars (i.e., centrality in private radar, betweenness in public
radar).

By only considering the 25 individuals who changed their
opinion, a linear regression model to explore the relationships
between the amount of the opinion shift of a subject with all the
other observables collected was designed. In order to select the
best model, and considering the limited size of the experimental
sample, we adopted the corrected Akaike Information Criterion
(AICc), to estimate the normalized relative likelihood values for
all the significant models resulting from the linear regression
[52]. First we computed the AICc for all the models using the
Equation (4):

2k(k + 1)

(n—k—1) )

RSS
AIC¢; = —nln (—) + 2k +
n

with # equal to the number of observations (i.e., 25), k reporting
the number of parameters of the model considering the constant
and the error coefficients of the equation, and RSS indicating the
residuals sum of squares of the model:

A; = AIC; — min(AIC). (5)

To compare the models we first estimated the relative distance
between the models’ AICc (Equation 5), and then we calculated
the normalized relative likelihood of the models (w;) by means of
Equation (6):

e—O.5*Ai

Ty ©

wi =

with r indicating the number of models we obtained from
the multiple regression. The results of the model comparison
are reported in Table7, considering only the significant
model extracted by the standard multiple linear regeression
analysis. The w; can be interpreted as the probability that
i is the best model, given the data and set of candidate
models [52].

The best linear regression model appears to explain the 79%
of variance of the data (Table 8) and involved five parameters
(Equation 7, Table9). Four parameters refer to the variables
detectable through the participants interaction (i.e., the centrality
degree in the community positive messages network at the end of
experiment, the activity of the participants in the private neutral

Predictor Stand.Coefficient t Sig. (p)
Centrality CfOS (45) By = —0.696 ~5.30 <0.01
5-FasT Factor Co Bo = —0.473 —4.44 <0.01
Activity PNEU (45') B = —0.475 —4.18 <0.01
Centrality Gy (15') B4 = —0.356 087 <0.05
Centrality PUBRapar 19 Bs = —0.285 —2.75 <0.05

TABLE 10 | Mean differences characterizing the Stubborn people.

Observables Mean differences

Initial Opinion +13.34
Final Opinion +18.50
Activity CEG (45) —132

Activity PUBRapar (18" —1.44
Centrality PR/F?ADAE’ (15') -0.22
Betweenness GG (1 &) —0.04
Betweenness PUBgapag (1) —0.09

messages network at the end of discussion, the centrality degree
in the community messages network, and in the public radar
within the first 15’ min of interaction). Only one personality
factor, the 5-FasT Co (f,), is included in the best regression
model:

Ou= BCDIE, + BaFFuas) + bR,

+/34(CM)1135;g + Bs(P UBRad)]ljse/g'
All of the coefficients of the parameters involved in the model
are negative. The negative sign of the communicative parameters
indicates that a greater active participation to the discussion
is related to a minor change in opinion. The more a person
tended to send and receive messages (e.g., how much more
one is involved in the discussion), the smaller his shift in
opinion was. It is also interesting to note that the parameters
involved affect all areas of communication (i.e., community
and private chat) for the entire duration of the interaction.
Such a finding identified an opinion dynamics affected by both
the dyadic communications (i.e., private messages), as well
as by the social side of the communication (i.e., community
messages).

The behavior of the participants who did not change their
opinion is deserves also attention. These individuals have been
defined as “Stubborn people.” By comparing the stubborn people
with the participants who changed their opinion (Table 10),
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it was discovered that the stubbornness effect is related to a
favorable initial opinion to scientific research. The stubborn
individuals posted far fewer negative messages within the
community, they modified their position on the public radar
in the first 15" less and they used their private radar in the
first 15" less. The stubbornness effect is also related to a lower
degree of betweenness in the community negative messages
network in the first 15, and to a higher degree of betweenness
in the public radar in the first 15". No significant differences
between stubborn people and participants who changed their
opinion were found as far as age, gender, personality structure,
anxiety, final absolute opinion, empathy with animals and
the trust in science is concerned. This latter discovery may
suggest a crucial role of the communication network topology
in the process of opinion negotiation of the individuals in
our experimental condition (i.e., within a group size of 10
people).

4. Discussion and Conclusions

The results of our work indicate that the opinion dynamics
produced by the interaction of a small group of individuals,
engaged in a virtual discussion about a specific topic, is affected
by different factors as suggested by the Lewin field theory.
First of all, the data from the perspective of the participants,
analysing the correlations among their personality factors and
their communicative features were examined. Then, quite a
rich characterizability of the personality of the participants
in terms of adopted communicative behavior was observed.
The neurocitism factor negatively correlates with the centrality
degree, and the betweenness degree, in the community positive
messages network exchanged during the first 30 min. The
participants with a higher score on the personality traits related
to melancholy, worry and dissatisfaction, appear to be less
involved in the community positive discussions. Conversely, the
surgency and the conscientiousness positively correlate with the
average number of sent messages. The surgency, that indicates
how much an individual is energetic, active and original,
affects the centrality degree of a subject within the private
communication space in a coherent way. The closeness, that
describes how much a subject is distant, close, elusive, appears
to affect the betweenness in the public radar, and consequently
the position assumed by the participants in the affinity
space.

Moreover, it is interesting to note that neither the personality
factor, nor any individual variables such as age, or sex, correlates
with the opinions dynamics detected (i.e., the trajectories
of the participants on the opinion space). This suggests
that there is no direct (or simple) relationship between the
structure of personality and what was found in the opinion
dynamics of the participants. The opinion dynamics within
a local dynamics dimension (i.e., dyadic relationships) was
explored, and a discriminant function was applied in order
to distinguish the coherent dyads from the incoherent dyads.
A couple of participants that had the same final vote in
absolute terms as a coherent dyad were considered. The
parameters of the resulting discriminant function involve

the personality factors, some subjective variables and the
communicative parameters. In particular, a coherent dyad
can be found by observing the exchange of private neutral
messages, the distances in the affinity space between two
participants that compose the dyad in the early stage of
the experiments, the differences in agreeableness and closeness
between two participants in the surgency. Additionally, even
some subjective variables, age difference, a type of openness
to the opinion changing allow us to foresee whether a dyad
shares the same final opinion or not. This result suggests that
regarding the opinion dynamics within a dyadic relationship,
the difference related to the personality structure between two
participants, as well as their distance in affinity, appears to
be decisive, while the communication variables appear not
to be so relevant. Specifically, within the dyadic interaction,
the subjective variables showed to have much relevance, and
it seemed to prevail the effect of cognitive dissonance on
the opinion dynamics with respect to the social pressure
factors.

A discriminant function analysis was applied to distinguish
the best set of variables describing the participants who changed
their final opinions, and those who did not. It is very interesting
to note that the resulting discriminant function only suggests
that the parameters are related to the interactions within the
group. No subjective parameter such as age, sex, personality,
anxiety, attitudes toward animal experimentation, empathy for
the animals or the trust in science influenced the identification
of who would change their opinions during the interaction. In
general the stubborn people appeared to be more favorable to
animal experimentation, and less involved in negative mood
conversation in the community, less central within the affinity
space (i.e., private radar) and less oriented to modify their
position in the public radar. The majority of the features
found as defining the stubborn behavior refers to the first 15’
of interaction, therefore within the small group the stubborn
individuals can be recognizable by considering the early stage
of a virtual discussion. Furthermore, we brought to light 5
parameters involved in a linear regression model explaining
the shift in opinion. Such a model explained 79% of variance
of the data, and presented only one parameter related to the
personality, while the other parameters depend on the dynamics
of communication among the participants. Such a result suggests
that it is possible to forecast the shift in opinion, once the
individuals who have changed their opinion are identified, taking
into account the amount of positive messages exchanged in
the community sphere at the end of the session, the messages
sent and received in the community, and the centrality degree
in the public radar. Above all, the activity in private messages
with neutral mood seemed to be related to the total shift in
opinion, as well as the personality trait of conscientiousness,
which is related to the precision and the meticulousness of the
individuals.

In conclusion, the main insights of our work indicate that
within the small groups engaged in a virtual interaction,
and facing a structured discussion around a polarizing
topic, part of the opinion dynamics is mediated, if not
dominated, by the group structure and its evolution (ie.,
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topology of the “socio-psychological field”). The stubbornness
effect appears to be related only to the topology of the
network of communication and affinity, and demonstrates
the complexity of forecasting small human dynamics (e.g.,
workgroup decision making, governance of commissions, etc.).
In other words, the group seems to require or impose a certain
“location” (role) to the individuals, regardless of their personal
features.
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