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CONFIDENCE AND SELF-CONFIDENCE: PERCEIVED AND REAL
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The problem of modelling the dynamics of confidence levels between two individuals is investigated. A model, based on a
master equation approach, is developed and presented. An important feature of the model is that self-confidence is modelled
along with its interaction with confidence towards others. Simulation results are presented.
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1. Introduction little further in proposing how an individual might modify

his or her estimations of what others think of him/her.
There are many situations in which social interactions and

emerging social phenomena play important and, some-
times, fundamental roles. In our particular case we are
studying networks of small to medium enterprises. In
these enterprise networks each individual enterprise keep
its own identity but works in close collaboration with the
others in order to produce something that the enterprise
working alone would not be able to produce. The very
fact that the enterprises are small to medium (mostly small
in practice) means that there are very few employees, i.e.
ranging from 1 to 10 in most cases. Because of this, when
we try to model such a network, we are obliged to take
into account the human factors. For example, two com- We make a further (important for us) distinction. The
pany heads who have a close affinity are more likely to continuous arcs represent the real or known levels of con-
achieve a successful collaboration even when their respecfidence and the dotted arcs represent perceived levels of
tive commercial fields are different. confidence. For example, looking from the “world view”

of Individual 1, there is a known level of confidence in In-

In developing mathematical models of these situa- dividual 2 and a known level of self-confidence. However
tions it is therefore necessary to take into consideration . . e !
y what Individual 2 thinks of Individual 1 and Individual 2’s

these social phenomena during the modelling process. level of self fid Vb ved
This is where the relatively new scientific discipline of own Jeve of Sell-CONTICENCE can only be percelved, or es-
timated, by Individual 1.

guantitative sociodynamics comes along. The basic ob- _ . . .
We introduce the following variables and notation:

jective of quantitative sociodynamics is to use tools issu- d haeal fid levedf Individual 4
ing from “hard sciences” such as mathematics, computer"et vi; denote theeal confidence levest Individual ;

science and physics, and “soft sciences” such as psychol_towards Individuali and &;; denote theperceived con-

ogy and sociology, in order to model and simulate so- fidence levebf Indi_vid_u_alj towards Individuali. we
cial phenomena (Contet al, 1997; Gilbert and Doran, assume that each individual knows what he/she thinks of

1994; Hegselmanat al, 1996; Helbing, 1995; Liebrand him/herself and what he/she thinks of the other, but only
etal. ’1998' Weidlich a.r’1d Haa'g 1983).' ’ perceives the confidence levels of the other. We thus de-

2. Confidence and Self-Confidence

In Fig. 1 we illustrate the situation that we are trying to
model in a mathematical way. The two nodes represent
Stwo individuals. Each arc directed from one node to an-
other is meant to represent the level of confidence of one
of the individuals towards the other. Clearly, an arc leav-
ing and entering the same node represents the level of self-
confidence that an individual has in himself/herself.

fine
We have already looked at the problem of modelling

confidence levels and their dynamical evolutions for enter- 1 o
prise networks (Pearsast al, 2001) and the real and per- T = Z21 - Za1
ceived confidence level problem (Pearson and Boudarel, 12 12

2001). In this article we push this modelling approach a T9o Too
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AN The set of differential equations for the probabilities
LN . individual 1 is defined by the following formula (Helbing, 1995; Wei-
O dlich and Haag, 1983):

J]Z; = w;; (n|n — 1)35%71 + wj; (n|n + 1)1‘?[1

n

—wij(n — 1n)zf; — wij(n+ 1|n)z;,

where e.g.,w;;(n|n — 1) represents the transition prob-
ability from n — 1 to n in a unit time period, and
wij(n|n71)z§’j_1 is the probability flux from value: — 1
to value n. We define the following functions:

uij(n) = wij(n+1n),  vi(n) = wi;(n —1ln).

The above can then be written as

q;:’j = uij(n — 1).17%71 + vij(n + 1)ZE?J-+1
Fig. 1. Relationship between two individuals. "
— (uij(n) + vij(n))xf;. )
Clearly, z; corresponds to Individual 1's world view We note that the probability fluxes are from neigh-

and z, corresponds to Individual 2’s world view. Our bouring values to neighbouring values in the above. In
problem is to model the dynamics af; and x5, and for other words, we limit fluxes from value to n — 1 and
this we make use of the master equation approach, whichn +1 and notn — 2 or n + 2, etc. This is to avoid abrupt
is essentially probabilistic (Helbing, 1995; Weidlich and transitions. We note, however, that we do not entirely ex-
Haag, 1983). clude this possibility and we will further investigate this

We begin by assigning a scale to confidence levels. in our future work.

For mathematical simplicity, we choose a scale symmet-  1he System of equations (2) is valid for each variable
ric about the origin, going from-N to N, where N i, 4,7 € {1,2}, and for =N <n < N there are there-

is some positive integer. In this way N represents ab-  fore 8(2N +1) differential equations in total. To preserve
solute non-confidence) neutral confidence andv ab- the logic and ensure that there is no flux downwards from
solute confidence. There are thRa/ + 1 points onthe ~ —4V t©0 —N —1 and none upwards frorV to N + 1,
scale. the following boundary conditions are imposed:

= ’l}ij(—N)il'iN =0.

)

(t) standing for the wij (N

We introduce the variables” P

i
probabilities that Individualj has confidence level to- ) L .
wards Individuali at time ¢ where —N < n < N and The modelling exercise is simplified to that of finding

t > 0, with 27(t) corresponding to the perceived proba- suitable forms for the functions;;(n) andv;; in (2). In .
bilities. Hereafter we suppress direct reference to the time (P€arson and Boudarel, 2001) we presented our prelimi-

variablet and simply writez?. etc., it being understood &Y ideas for these functions. In this paper we begin with

ij . .
that these are always considered to be dynamical quanti{€S€ idéas as a base and add some improvements. We be-

ties. For each arc in Fig. 1 we therefore have a discretedin With the variablex,, and propose the following form

random variable with a probability distribution defined by O 11 (%):
the variablesz};(t), and we model the dynamical evolu- (n) = a) —B(a11—n—1)2
tion of this distribution. tin) = ase
We do not imagine that an individual will be aware + (1 — a)pe 7@ £(5,0) (3)
of a probability distribution concerning his/her self- ) . .
confidence or confidence in the other individual. We The meaning of each term and parameter in (3) is as

imagine rather that what is known or perceived is the meanfOHOWS:

value of the variable. For this reason we associate the e the first term represents Individual 1's own fixed level
mean values of the variables with the arcs in Fig. 1 and of self-confidence,

define
¢ the second term represents the potential change in In-

N
Tij = Z nx™. 1) dividual 1's self-confidence brought about by what
ij .. . L , :
n=N Individual 1 perceives as Individual 2's confidence
in Individual 1,



Confidence and self-confidence: Perceived and real @ ames

e « € [0,1] is a weighting factor where a value close paper, we avoid writingy;; etc. in order to simplify the
to 1 represents a self-centred individual and a value notation.

close to 0 represents an easily influenced individual, We have not multiplied the second term in (4) by the
e a1 € {=N,—N +1,...,N} is Individual 1's in- attenuating function/ because we postulate that an indi-
trinsic self-confidence v!dual is more Ilkel_y to have conflden_ce in a_nothe_r indi-
' vidual if he/she believes that the confidence is reciprocal,
e 3 and~ define the spread of the Gaussian functions regardless of the self-confidence of the other individual.
where elevated values represent a slim possibility of We are in fact looking through this idea at present.
influence and small values lead to a stronger possi- Continuing in the same order, we come to the dif-
bility of influence and thus change, ferential equations for the first of the perceived variables
Z12. In (Pearson and Boudarel, 2001) we based the func-
tion 412 simply on the fixed idea, i.e. on the correspond-
o f:[-N,N] — [0,1] is a function relating to the ing first term in (4). In this paper we propose a modified
perceived self-confidence of Individual 2. approach t.o the dyr_1am|cs of the pgrcelved variables. The
approach is very simple; we imagine that the dynamics
The objective of the functionf is to attenuate the IS based on the fixed idea of the individual when the dif-
influence of Individual 2 if this individual has little self- ~ ference between the real and perceived values is less than

confidence or too much self-confidence. For numerical S0me threshold valugr, — 212/< e. However, when
simplicity, we propose a form for this function as shown this difference becomes greater than the threshold value,

in Fig. 2, where the function parametens, n,, f, and @ Second term comes into play as in (3) and (4). The form
f» are also shown. of 415 is therefore as follows:

e )\ >0 andp > 0 are scaling parameters,

Ae~Blarz—n—1)% jf |x12 — &12|< €,

f A

7112(”) = a)\e—ﬁ(&lg—7z—1)2+(1 _ a)ue_’Y(x12_7L_1)2
otherwise

jgu ()

Our justification for this is that an individual, un-
der normal circumstances, will adopt a certain type of
behaviour towards another individual if he/she has con-
fidence in that individual. This behaviour is fairly pre-
dictable within certain limits or tolerance. Hence, if we
f2 put forward a hypothesis that the individual has a cer-
Ji A tain level of confidence that he/she does not have, then
we should be able to detect the difference between the as-
sumed level and the real level when this difference be-
comes sufficiently large, i.e. greater than the tolerance
threshold. For example, in real life situations we could

Fig. 2. The attenuating function. imagine detecting such differences at meetings where an
individual may express himself/herself in a way contrary

The form of functionus; is similar and based onthe  to our assumption or may vote against us.
principle that an individual is more likely to have confi-
dence in another individual if he/she thinks that the in-
dividual has confidence in him/her (Le Cardiretl al,
1997):

I I I
-N n; n, N

CE
L%

We have chosen to model this correction term in a
discontinuous fashion rather than continuously because
we believe that the fact that there is a measurable dif-
ference between a hypothesised behaviour and a real be-

haviour would actually produce a discontinuous response
_ —B(az1 —n—1)2
uz1(n) = ade” M in an individual.
+(1— a)#eﬂ(i’lrnfl)? (4) To complete the sequence, we constrigi in the
same way:

The two terms and the parameters in (4) play the
same roles as the corresponding ones in (3) and so we do
not repeat them here. We simply remark that the parame-“22(”) T\ adeBlaz—n=1 4 (1 _ q)ye=r(ma—n=1)*
tersa, 3, v, A and i do not necessarily have the same otherwise
values in (3) and (4). Here, and in the remainder of the (6)

/\6_5(6’22_77'_1)2 if |JJ22 — .f22|< €,
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The functionsvy1, vo1, 012 and 9o are developed
from (3), (4), (5) and (6) by replacingn—1 by —n+1
in each corresponding formula. What is more, by symme-
try we can present the functions far, .1, u12 and
ug2 by removing hats in (3), (4), (5) and (6) and putting
hats where there are not any:

Ae—Blan—n—17 jf |x11 — &11|< €,

’[Lll(n) = Oz)\e_ﬁ(&“_n_l)z—i—(l _ Oé)ue—’y(acu—n—.l)2
otherwise
(7)

)\6_5(&21_n_1)2 if |$21 — .f‘21|< €
fg1(n) = adeBan—n=17 4 (1 _ o) ye=r@n—n-1)
otherwise
(8)

uiz(n) = ade~Alarz—n=17% 4 (1—a)ue_7(5”21_"_1)2,

9)

ugz(n) = areBlazz—n—1)°

+ (1= a)ue @ == (). (10)

As above, the function$1, 021, vi2 and vyy are
developed from (7)—(10) by replacingn—1 by —n+1
in each formula.

Our model was programmed using a standard high
performance numerical calculation software package and
run on an ordinary Pentium III laptop PC. We tried us-
ing various integration methods (both stiff and non-stiff
integrators), but found no perceptible differences in the
results. For this reason, we normally use Runge-Kutta or
predictor-corrector routines supplied with the software to
integrate the differential equations, with a slight prefer-
ence given to the predictor-corrector method simply be-
cause it runs a bit faster.

3. Some Simulation Results

In this section we present some simulation results for a
particular pair interaction like in Fig. 1. In the first in-

For the natural confidence level trends of the two in-
dividuals we chose the following values:

_all- [N -1
a21 —N+1
a12 —N+1
o= Q22 _ N -1 7
a1 N -1
a1 N -1
ai2 N -1
_a22_ L 0 .

which can be interpreted in the following way:

¢ Individual 1 has a high level of self-confidence,

¢ Individual 1 does not have any confidence in Individ-

ual 2,

Individual 1 thinks that individual 2 does not have
confidence in Individual 1,

Individual 1 thinks that Individual 2 has a high level
of self-confidence,

Individual 2 thinks that Individual 1 has a high level
of self-confidence,

Individual 2 thinks that Individual 1 has confidence
in Individual 2,

Individual 2 has confidence in Individual 1,

Individual 2 has neutral self-confidence.

For all the simulations we chose the valyés= v =
0.1 for all of the equations, and for the parameters of the
function f in Fig. 2 we chosen; = 1, ny = 4, f;
0.5 and fo = 0.5 for both individuals. Furthermore, we
set A = u = 2 in all the equations. These values were
fixed for all the simulations simply because we wished to
illustrate the effects of the other parameters in this article.

In the first simulation we wanted to simulate a fairly
neutral situation, where each individual takes into consid-
eration in equal amounts his/her own opinion and the per-
ceived opinions of the other and does not react to mea-
sured events. Thus we set= 0.5 ande = 2N + 1 for
each individual. The results for this first simulation can
be observed in Fig. 6 as seen from Individual 1's point of
view and Fig. 7 as seen from Individual 2's point of view.
In these and the following figures, when the world is seen

stance we need to choose a value for the scale parameterom Individual 1's point of view, the real confidence lev-

N. Previous simulation studies have shown that there are
no appreciable numerical difficulties encountered when
we havel < N < 10 (Pearson and Boudarel, 2001),
and for this particular simulation we cho$é = 5.

els correspond to the two images to the left of the figure
and the perceived confidence levels are the two images
to the right of the figure. When the world view of Indi-

vidual 2 is represented, the situation is reverse, with the
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Fig. 3. Initial distribution tending towards confidence.
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Fig. 4. Initial distribution tending towards non-confidence.
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Fig. 5. Initial distribution tending towards neutral confidence.
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Fig. 6. Confidence level evolution of Individual 1
towards Individual 2: the first simulation.

confidence 50 t confidence 50 t
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Fig. 7. Confidence level evolution of Individual 2
towards Individual 1: the first simulation.

perceived confidence levels corresponding to the images
to the left, and the real confidence levels corresponding to
the images to the right of the figure.

The axes on the figures are self-explanatory. The
axis corresponds to the time variable € ¢ < 40 for
each simulation), theg-axis corresponds to the confidence
level (—N < n < N) and the corresponding probabilities
are plotted on the:-axis 0 < z7; < 1). We are thus able
to visualize the temporal evolution of the distributions of
the discrete variables;;.

In this first simulation we see that the distributions
stabilize out fairly quickly. We remark the noticeable dif-
ferences between the real and perceived confidence levels.

In the second simulation we wanted to see the dif-
ference that measured confidence levels could make. We
therefore kept the same values far= 0.5 but altered
e = 1, i.e. a difference of one unit could be measured with
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Fig. 8. Confidence level evolution of Individual 1 towards Fig. 10. Confidence level evolution of Individual 1 towards
Individual 2: the second simulation. Individual 2: the third simulation.
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Fig. 9. Confidence level evolution of Individual 2 towards

Individual 1: the second simulation. Fig. 11. Confidence level evolution of Individual 2 towards

Individual 1: the third simulation.

From this third simulation we see that there is a con-
siderable difference in the dynamics 9§, (bottom left
of Fig. 11). We can assume that Individual 2 realizes that,
We see that there is a difference between the first sim-in spite of his/her initial thoughts, Individual 1 really has
ulation and the second one. The detection of differencesno confidence in him/her.
between hypothesised and real behaviours had influence
on the dynamics.

reasonable accuracy by each individual. The results for
the second simulation can be seen in Figs. 8 and 9.

4. Conclusion

In the third and final situation, we kept the value of ] )
¢ — 1 for each individual but setx = 0.9 for Individ- In this paper we have presented an extension to a model

ual 1 anda = 0.2 for Individual 2, thus simulating the ~ developed in an earlier paper. We believe that this new
situation where Individual 1 is strong headed and doesimpProved modelis a bit closer to reality. Clearly, there are
not particularly take into consideration the perceived or Still many improvements to be made and we are working
measured confidence levels of the other, and Individual 29N these.

lacks self-confidence and relies on perceived or measured  We have based our model on Gaussian type func-
confidence levels in order to form his/her own opinion. tions. As stated, we are looking at other possibilities, e.g.
The results for the third simulation can be seen in Figs. 10 polynomial and piecewise linear. We are also looking at
and 11. other possibilities for introducing the correction terms, i.e.



Confidence and self-confidence: Perceived and real @ ames

a continuous correction rather than one based on a thresh- References

old. We believe, however, that the threshold correction is

more realistic. Conte R., Hegselmann R. and Terna P. (Eds.) (198ifulating
We are looking at how to measure differences be- Social Phenomena— New York: Springer.

tween assumed and real behaviours, particularly in asso-Gilbert N. and Doran J. (Eds.) (1994)Simulating Societies:

ciation with enterprise networks, where we believe some The Computer Simulation of Social Phenomeralon-

sort of questionnaire or audit procedure could reveal such don: UCL Press.

differences. Hegselmann R., Mueller U. and Troitzsch K.G. (Eds.) (1996):
Although real applications of our model will not be Modelling and Simulation in the Social Sciences from

a Philosophy of Science Point of View— Dordrecht:

forthcoming in the immediate future, we can imagine how Kluwer
uwer.

it could be applied in medium to long terms. As an exam- . o . .
ple of an application we could imagine a situation where Helbing D. (1995): Quantitative Sociodynamics— Dordrecht:

individuals need to make a decision. Clearly, in such a Kluwer.

situation there will be certain individuals who will try to  Le Cardinal G., Guyonnet J.-F. and Pouzoullic B. (1997

bring the others around to their way of thinking. In a lot of Dynamique de la Confiance- Paris: Dunod.

cases, we could imagine that the individuals who take the |jeprand W.B.G., Nowak A. and Hegselmann R. (Eds.) (1998):

lead and try to convince the others that they are right will Computer Modelling of Social Processes Sage.

be those who have a fairly strong opinion of themselves. Pearson D.W., Albert P., Besombes B., Boudarel M.-R., Marcon

It would be interesting to apply our model to such a sit- E. and Mnemoi G. (2001)Modelling enterprise networks:

uation and fit the relevant parameters of the model to the A master equation approach— Europ. J. Oper. Res. (in

dynamic behaviour of the individuals. The data could be print).

in the form of notes taken by psychologists/sociologists Pearson D.W. and Boudarel M.-R. (2001pair interactions:

who observe the individuals. We could even imagine the Real and perceived attitudes— J. Artif. Societ. Social

event being filmed and certain behaviours being automat- Simul. (submitted).

ically deduced. Weidlich W. and Haag G. (1983):Concepts and Models of a
A second application is related to the enterprise net- Quantitative Sociology— Berlin: Springer.

works discussed above. In this case the self-confidence

of an enterprise could be monitored by using our model.

We could imagine using data such as sales, money spent Received: 7 May 2001
on marketing, e-mails received and sent, etc. as being in- Revised: 31 May 2002
dicators of the state of self-confidence and confidence to-

wards others in the network. By fitting our model to the

dynamics of the network we could predict behaviour pat-

terns and probably even suggest where the network could

be improved.

Looking at further studies of such models, we be-
lieve wholeheartedly in a multidisciplinary approach. In
other words, we are in contact with researchers from other
disciplines such as psychology and sociology and we are
slowly but surely building up an international multidisci-
plinary team with a view to improving our model.

Finally, we are continuing the analysis of our model,
both mathematically and experimentally by simulation.



