The impact of social network topology on open-ended and fixed solution problems
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Questions:
1) How do people together come up with optimal solutions to complex problems?
2) What is the optimal social organization in terms of connectivity?
3) Does the nature of the problem make a difference?

Hypotheses:

The “Close Encounters Of The Third Kind”-task:

Analyses & Results:

Participants: n = 436, 26 networks of 16 individuals + 10 isolated pairs.

Performance: We quantified performance as both
score (-25 to 40 points) at any given trial. In order to
assess the effects of condition (information available
and network structure) on performance over time we
employed a Bayesian multilevel regression model.
We observe credible differences in the performance
over time as a function of both network structure and
information provided:

Procedure: In each trial, participants from the network are connected in pairs. They communicate through chat.
They have one minute to agree on a melody of four notes to please the approaching aliens. Each note is a NK
fitness landscape with one peak. Participants only see the sum score of points across the four notes. Participants
receive feedback after each trial (points + aliens showing emotions). They play until the maximum number of
points has been reached somewhere in the network for +5 consecutive trials or a time-out of ~45 min.
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1.09 (CIs -0.50, 2.74)

Unknown max
1.25 (CIs -0.09, 2.56)

Lattice 2.19 (CIs 1.52, 2.84)

1.66 (CIs 0.83, 2.42)
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Known max
Unknown max
-0.001 (CIs -0.03, 0.02) -0.002 (CIs -0.02, 0.016)

Two factors influence collective problem-solving:

Exploration/exploitation:
Pair
In order to assess condition related differences in exploration-exploitation behavior, we extracted the disLattice -0.05 (CIs -0.06, -0.04)
tribution of solutions submitted by each group at each
round. We measured dispersion as Shannon entropy
Full
-0.05 (CIs -0.06, -0.03)
of these distributions:

Shared social history: in context of interaction, systematic exploration of a solution space depends on
social coordination and common ground. Collaborating individuals are more effective if they can establish joint search strategies through repeated interaction.
Connectivity: people can get stuck on sub-optimal strategies and solutions. Clever solutions to complex problems are facilitated by information travelling in a social network. Collaborating individuals are
more effective if they can exploit information from the larger network of problem-solvers, that is, if they
are more connected.
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Known max

-0.024 (CIs -0.04, -0.01)
-0.03 (CIs -0.04, -0.02)

Exploration/exploitation
Known max

Unknown max

Unknown max

Trade-off?: The shared social history factor implies that it is advantageous to repeatedly interact only
with the same few people. However, the connectivity factor implies that it is advantageous to interact
with many different people from the full network.

Three Network topologies*:
Fully connected

Me: which sequences have you tried so far?
Partner: I think the best combination I’ve gotten so far was 1-3-5-3
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Discussion:
Two kinds of problems:

* Notice that the actual networks had 16 notes

Different types of problems might present different affordances for shared history and connectivity. More
open-ended problems (~ people are not aware of when they reached the optimal solution) might be more sensitive to connectivity than fixed solution problemes (~ people know when they arrived at the solution).

Collaborating to solve complex problems involves a trade off between shared history and connectivity. Interacting with the same partner allow you to be more coordinated and systematic in your exploration of solutions,
while connectivity allows you to exploit clever solutions from other ends of the network, but at the cost of systematic search. We find that intermediated levels of connectivity (the lattice network) strikes the best balance between these parameters with higher perfomance than isolated pairs and full connectivity. However, this effect is
most pronounced when problems are more open-ended (the max number of points is unknown).

