“What you think I think you think I think”

Seth Frey and Robert L. Goldstone
Cognitive Science, Indiana University

causes cycles and flocking in multi-player Rock-Paper-Scissors

(Juestion

Doesn’t it feel like you think ahead when

you play Rock-Paper-Scissors?

- 1940s theory defines rational behavior 1n this

game as completely random.!

- 1960s theory says that people might
myopically get caught in endless cycles.’

- 1980s theory argues that cycles can’t happen

because people can reason ahead iteratively
through each other’s reasoning.’

— What actually happens? You can’t really
know without integrating game theory,
cognitive science, and collective behavior.

(Game

Instructions

“Your goal 1s to choose a square that 1s
one more than other people's squares.
The squares wrap around so that the
lowest choiwce counts as just above the
fughest  (like an ace sometimes counts
as higher than a king, but still below a
two). You get one pownt for every person
who you are above by only one square.”

Design

113 participants in 21 groups
of 2-9.

200 rounds over ~24 minutes.
Participants earn ~1¢ / point.
There 1s also data on a
symmetric decrement condition.
Players get teedback each
round showing all choices and
earnings.

Results

Entropy (bits)
4.2

Efficiency ([0, 1]) _|_

0 0.1 0.2

Distance (choices)

0 2
24
0y 23 ~.
0.05- . c
0.04 -
0.03- 20
2002 44
= 0.01-
< 0.00-18
O
O 17
o
16
15 9
14 10
13 12 11
Participant choices
23 0 1
0.08 - 22 2
0.06- 4 3
_ 0.04- 7
£ 0.02- 19
< 0.00-18
O
o 17
0
16
15 9
14 10
13 12 1
Participant rates
23 0 1
22 2
8;]5: 21 3
000 @
= 818421— 19
« 0.00-18
O
o 17
0
16
15 9
14 10

13 12 11

Participant accelerations
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Observed behavior is
clearly not random.

—  Plus sign shows
benchmark values for
random behavior.

- Entropy of participants’
behavior 1s far below
benchmark at random.

-  High efficiency reflects
oreater earnings than
expected from random.
- Low distance implies
clustering of groups
around the circle.

Participants move
steadily around the
circle.

— Choices 1in the top panel
just look random.

— But rates in the nuddle
panel show a “hopping”
from round to round.

— And acceleration 1n
the bottom panel shows
only minor
adjustments to the
previous rate.

Rate of rotation (frequency*24)
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The collective behavior is periodic,

and the rate of rotation increases with time.

— 'T'he left panel 1s a spectrogram of the aggregate data showing significant
periodicity in behavior. The white squares signity frequency components
corresponding to the observed sequential rates. 'T'he right panel shows mean rates
per group over 200 rounds. In both panels, the rate of rotation increases with
time (y*,=48.2, p<0.001).

- Extensive experience doesn’t lead to randomness, but only speeds up the
rotation. So while participants learn something, 1t 1sn’t rational randomness.

Implications

Iterated reasoning, rather than
preventing cycles, is driving them.

— 'The groups’ emergent flocking behawvior 1s substantially
more profitable than rational behavior.

- So what's “rational’?

— 'These results support the most recent “2000s” theory:

complex dynamics are ubiquitous 1n social and economic

systems.
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Contact sethfrey@indiana.edu for questions and comments.



