Sequential Coordination:
How Language Enables Complex Innovation Discovery

Amir Sarkaboudi, Benjamin Falandays
School of Social and Behavioral Sciences, Arizona State University

[ Motivation } [Study 2: Potions Game}

Dense networks promote linguistic convergence but Overview of the Game

may suppress the diversity needed for exploration. The game Involves combining three potions Innovation Space
Sparse networks preserve diversity but fragment to discover potions from higher tiers. In each s ~
shared conventions. Can the same network support ~ Iteration, a speaker and a listener are

both language emergence and collective innovation? ~ randomly selected. The agents function as e ﬁ Fos | o S,

Bayesian learners, maintaining Gaussian
mixture models over a potion-label

Fitness 4 Innovation level

o .. ] ] A trajectory B trajectory
[Four Network Topologlesl association matrix. Agents are required to
. . . coordinate on the labels while simultaneousl ,_.___._, h 1 ._._._. .é.
The following setups are used to investigate the . . y T
. . . seeking to Innovate.
effects of information speed, local cohesion, and ﬁ ﬁ h ol us
degree of heterogeneity, as well as a real-world Speaker Act
scenario. Selects and labels (one or two) potion from 358 == 4
their repertoire using a discriminative GMM:
ey commocteg OOk Topologies (N=50) the category that most selectively identifies TR
the target ingredient emits a label + Gaussian .
o—* e -
e noise.
o2 ° ° Ti“\\.. _ 48 == #1
7 =7 Listener Act
e * ".  The listener hears the label, figures out which i meredieme e e )
potion or potions are needed, and then
chooses the remaining potions from their own S g
collection using fitness-weighted sampling to

prepare the three ingredients.

Results

We tested the game In

three setups: Key takeaways
 Random: Both agents

B =48 — C2 Discovery Rate (%) and Mean Steps

choose randomly, 1
- g o without considering Fully Connected Connected Caveman .
fltness or USIng o o NetWOrk tOpOlOgy IS the
language. main factor in both studies.
. « Baseline: Both agents Dense networks hel
[Study 1: Color Naming Game } J P
select based on fitness- languages come together

Random - Random -

o]
o

60% 96%
18.1k 9.1k

welighted sampling, and spread what is needed,

In Sarkaboudi & Falandays(2025) we showed that

_ ) without using language. 2 iy o L N ” .
all four topologies converge to similar . Communication: while sparse networks keep
communicative success (z 0.80), yet prOduce The listener chooses Barabasi-Albert Real-World é local d.lverSIty.bUt can slow
structurally different color-label category systems based on fitness, while ~ cmmenieten- oo ee TG commueton- 0w on g5 7 down innovation.

o

the speaker's potion Is
communicated through

10%

Baseline - 13.8k

38% 40% . 12% 38%
15.9k 13.4k Baseline - 7, 7y 16.9k 2

Emergence of Shared Colour-Label Categories across Topologies (t = 40000) Ian uaae. The S eaker . . . . . »
. Fully Connected . Connected Caveman g g _ p I_| ngu IStIC im p recision can
labels the potion, and the L L 5 el Wh )
N { '\‘ \ N @ I iStener tries tO deCOde it_ Diffusion probability Diffusion probability e. u Se u : W e n re e re n Ces
» » fail, they introduce
N N 5 L B = 48 | Referential Succeszi:ft:;mzeg.tf’of C1 and C2 Discovery L u n expected e I e m e nts th at
(3 » 0 ® ciimen precise choices would miss.
O ® ) Qo This process helps make
® > N ‘ . ' ° o new discoveries in C2.
20 - 20 - & @ () § ¢ 2
S 0.3 8 : g ¢ ®
° 0 2'0 4IO 6IO 8'0 100 ° 0 210 4|0 6IO 8IO 100 "% - § i - 4 f ;
Barabasi-Albert Real World Network - 0.1 § % o é . i i o é 1 ’ : g $ ’ 3
» 0 e Cave ‘FIC RealWorld  BA Cave OF'c RealWorld  BA Cave OF'c<> Real-World DIVIdIng r0|es hel pS rESO|Ve
| the exploration-exploitation
| ' B = 48 | Cognitive Disalignment | t= 30,000 trade'Off |n a Sl ngle
60 60 ’ " diffusion = 0.0 diffusion = 0.5 diffusion = 1.0

interaction. The listener

.@ . o : | i{ focuses on using
& 0.200 8 I o l -4 2 . . .
r ‘} 5 i - } ,! % - : i . information, while the
. -
2

g o * 1 1 " % speaker's noise introduces

0 0 g o | new possibilities.
If network structure shapes language form but of !_lntgmstli ITpren?EIOnn' |str_10rt]
: : ererences :
not function, does the form of language still T o - o Just:a Cost ot communicatio
] ] 1. Baronchelli, A., Felici, M., Caglioti, E., Loreto, V., & Steels, L. (2006). Sharp transition towards shared vocabularies in |t can actual |y hel p us make
matter for What popula'“c)ns can aCh|eve multi-agent systems. Journal of Statistical Mechanics: Theory and Experiment, 2006(06), P06014. d - th t st - t
. . 2. Derex, M., & Boyd, R. (2016). Partial connectivity increases cultural accumulation within groups. Proceedings of the ISCoveries tnat Stric
together’) StUdy 2 teStS th'S d|reCt|y NationalAcade/}r/vy of Sciences, 113(11), 2982—2587. o e ]
3. Falandays, J. B., & Smaldino, P. E. (2022). The emergence of cultural attractors: How dynamic populations of learners adCCU racy CannOt

achieve collective cognitive alignment. Cognitive Science, 46(8), e13183.
4. March, ). G. (1991). Exploration and exploitation in organizational learning. Organization Science, 2(1), 71-87



