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Self-organization of reference structure and its effect on
decision accuracy
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It has been revealed by empirical and theoretical works that humans incorporate
others’ opinions {(social information) when they make their decision in many
circumstances. Such use of social information can yield an advantage of collective
intelligence. For example, the majority-rule voting based on independent opinions for a
binary choice can result in higher accuracy than when decided by a single individual or
expert. However, it has also been shown that the correlation between opinions can
undermine collective intelligence. In addition, sequential decision-making, in which
each individual makes decision using earlier opinions by other individuals, is known to
sometimes lead to situations in which most individuals fail to give correct answexrs
(incorrect information cascade). These facts suggest that, although the use of social
information would bé advantageous to individuals’ decision making, once some
individuals start using it and their correlated opinions become a part of soceial
information, social information could progressively lose its independency and quality
so that no one eventually dares to use it. To my knowledge, the reference structure
among people has been given artificially in most of existing experimental and
theoreticél works for collective intelliéence and decision accuracy of humans. However,
some studies showed that whom to follow in the reference structure affects the decision
accuracy of individuals. Therefore I ask how the reference structure self-organizes,
when each individual tries to use social information to secure the accuracy of his/her
decision-making. I also evaluate the decision accuracy in the Self'organized rveference
structure.

I try to answer these questions theoretically. To model the reference structure
between individuals, I consider a directed network in which each node represents an
individual and each directed link represents reference. Individuals are assumed to
make a decision sequentially on a given problem with the majority-rule voting among
its own and his or her neighbors’ opinions. Since each agent makes decision with
majority vote, his or her probability to find a correct answer by oneself, which I call
his/her “ability”, is different from his or her actual probability of finding a correct
answer by referring to others, which I call “performance”. I also assume that
individuals vary in their ability. It should be natural to assume that each individual
assesses the credibility of the referents and decides to either keep or stop following

them accordingly. Thus, I assumed the rewiring rule as follows; each individual



monitors his or her neighbors’ performance and breaks the link if the neighbozr's
performance becomes worse than a preset threshold. I therefore consider the mutually
affecting changes of reference link structure and each agent’s opinion aceuracy.
Through this interaction the network structure is self-organized. This idea is related
to adaptive network models, in which feedback loops between node dynamics and
network topology are considered. I conducted extensive computer simulations on this
adaptive network model. I also developed an analytical theory to explain the resulis
obtained in the simulations,

My analysis shows the following results. (A) The distribution of the number of
followers in the self-organized network significantly differed from the initial Poisson
distribution for the randem network. In fact, the distribution of the number of
followers in the selfrorganized network was close to exponential distribution. This
suggested that there were a few nodes that had much larger number of followers than
the mean. (B) The mean number of followers increased approximately exponentially,
i.e., more than linearly, with agents’ ability. Therefore small difference in ability can
lead to large difference in the number of followers in the self-organized network. (C)
The mean performance of an agent increased linearly with his/her own ability, I
defined group performance as the proportion of agents who stated correct answers in
the population. The mean performance of each agent and the mean group performance
was the lowest when the agent made decisions independently of others, which is
improved by collective intelligence when agents can refer to randomly assigned
referents in the initial random network and further improved by adaptive rewiring in
the self-organized network. The group performance temporally “fluctuates by
stochasticity in the self-organized network. The temporal standard deviation (S§D) of
group performance also increased in the same order as the mean group performance,
i.e., the group performance temporally fluctuated more when the mean group
performance became higher. (D) The threshold for rewiring affected the strength of
heterogeneity in the number of followers in the self-organized network. When I set the
threshold lower, the heterogeneity in the number of followers hecame larger. At the
same time, the dependence of an agent's mean number of followers on his/her ability
was more exaggerated, i.e., agents refer more to higher ability agents in the
self-organized network. This leads to a higher mean performance of each agent
compared with when the threshold was larger. However, the SD of the group
performance, i.e., the fluctuation of the group performance, was also higher for a lower
threshold.

To understand the source of centralization of reference links, I decomposed
the causal relationship between mean number of followers of each agent and
his/her ability into three components: the relationship between the ability and the
mean performance, the relationship between the mean performance and the mean

duration of keeping a follower, and the relationship between the mean duration of



keeping a follower and the mean number of followers. I explained analytically the
simulation result of each relationship of these three, by using a theory of stochastic
process and some approximation methods related to the network structure. Among
these three relationships, only the relationship between the mean performance and
the mean duration of keeping a follower is nonlinear and the other relationships
are linear. Therefore, I conclude that the nonlinear dependence of the number of
followers on agent’s ability originates from the non-linear dependence of the mean
duration of keeping a follower on the mean performance of that agent. This
relationship between the mean performance and the mean duration corresponds to
the performance-monitoring process assumed in my model.

To sum up, in the self-organized reference structure, I observed the strong
centralization of reference in which the number of one’s followers increases more
than linearly with his/her ability. The mean performance of each agent was higher
compared with a random network or the case of independent decision-making,
However, the group performance fluctuated more in the self-organized network.
There was a counter-intuitive relationship between the degree of generosity to
referents in a society and the mean performance of the society. When I set the
rewiring threshold lower {(i.e. when individuals are more generous to their
referents), individuals refer to higher ability agents in the self-organized reference
structure than when I set it higher, leading to the higher mean performance of the
society. To my knowledge, there is no study on the decision accuracy in groups
showing such a counter-intuitive phenomenon. This result would be testable by
empirical studies. Inm my study, I also found a trade-off between accuracy and
stability in the self-organized network. The higher mean performance and more
stability (suppression of fluctuation) of performance are incompatible. This
trade-off was observed when I compare the performance in the case of independent
decision, random references and the high-ability-agent-oriented self-organized
networks. It was also observed when I compare the performance in a
high-threshold case with that in a low-threshold one.

As future perspectives, I suggest that the following two points are
important to. be considered in the study of the self-organization of humans’
reference structure. Firstly, it may be possible to consider the situation in which
humans choose not only reference partners but also the extent to which they
depend on social information. As I showed in my study, there is a trade-off between
accuracy and stability. If individuals depend more on social information, they may
be able to improve their performance on average, but they may be involved in
information cascades more frequently. Secondly, it may also be possible to consider
that humans conform to others not only to make their decision more accurately but
~also to correspond to others’ expectation (normative social influence). Reflecting

these features of humans’ decision-making in the model of self-organization of



reference structure should lead to further understanding of humans’ collective

decision making and its accuracy.
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