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» NCS(no-communication score)

» CS(communication score)
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Appendix B
3.1.2. Results : Communication systems emerge
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3.1.3. Results :How communication systems emerge
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3.1.4. Results : The sign systems
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3.1.5. Results : Communication systems integrate information from different
sources
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4 Double-move
Box
3.1.6. Discussion
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3.1.6.1. Communication systems emerge relatively quickly and reliably
4  Healy
1. open-ended
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3.1.6.2.Sign systems can originate from very different mappings.
& What to

code and How to code
» What to code Section3.1.4

> How to code
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3.2. Study1B: The development of communication systems
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3.2.1. Games 2 and 3
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2. Appendix B
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3.2.3.1.Overt communication helps, but it is not always crucial.
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» Game2&3
v' Game2:.CS NCS F(1,7)=10.89, p=.013
v Game3:F(1,7)=18.98, p=.003
< Game2,3 CS NCs Gamel CS-NCS
- Silent behavior-coordinating procedures

3.2.4. Results How sign systems develop
@ Study A
» Pairsl to 4:Learning by using
» Pairs8and9:
» Pair7 and 10:Learning by using
3.2.5. Results Developing sign systems
& Game2&3
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b.
3.2.5.1. Sign systems easily diverge during development.
% Pairl
» Numeration
4 Pair7
>

» Game - Game

—

3.2.5.2.Sign systems can integrate new mappings with old ones.
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» Game
icon base
3.2.6. Results Efficient communication systems rely on silent
behavior-coordinating procedures as well as on signs
& 315
» Pair8 Pair
v Game2 (Pair8=7/9, Pair9=4/9) Game3(Pair8=14/16,
Pair9=7716)
v pair9>pair8
v Game2 Pair845 Pair9 14 Game3 Pair8 150 Pair9 62
>
- behavior-coordinating procedures
Box Split search strategy
3.2.7. Discussion
>
>
3.2.7.1. Sign systems develop parsimoniously.
>

3.2.7.2. Some remarks on the forms of signs.
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Fig. 1. Onverview of the basics of the game. (A) Experimental setup. (B) Game 1 map. (C) Player &'s view ol the
map. (¥ Player B's view of the map.

Plaver A's veew Game map Player B's view

Fig. 2. A move in the game. (A) Agents are in different rooms. Player A's agent (black dotd) moves righiward from
the trin gle mooin (B Plaver A's ageni h.u-.|'-.r~.u'|1rhlrnlghlhu,'-:lu.nm aw and found Player B's agent (white dot ) in the
adjacent room. Motice thal. when in the same room, players see the same display.
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En thr 4 rom versson of the gume preseoied bere o miher sinmls logic holds asd the
chence level performance cio be easly compated. Thers are only o posasible
intial scarmmios: in (i} asd (17} agents are in adjscest roonm; i (i) sgenis s in oon
adjacemt roams (henceforth devble-move scenaric). i both cases, the odids of
winning by chasce are 5%, As for (i) and (i) we have a sample 50% choige: the
player that moves hiaker agent first can either choose the winwing move {ending
inbe e roen where the other agenl i8) on ol with equal probabdlity. As for (i), let
mﬁﬁlﬂlﬂfﬂﬂhumw}id:?hjwhmmii’huwhhﬂimﬂch}wﬂ
the roans, after Player A's move e ggents st be im sdjnicsl mooers and Playsr
B's move falls mnder the meme logie of (i) aad (i), The mmic cossoning holds if
Payers B moves besher agenl flee,

The logee weuld g=t w0 hil imvee cooplicated if we were to coaaider the possibiling
thai eme player made mofe thas o mom change or that the o players changed
rwers simalameously, Howeves, both ceses are highly imarobablz. The former case
i imprmbable because players are told that & double room change by o slagle player
kads to en aotomatec loss aad the letter becanse the program that operedes the game
samples the agents’ bocatices b 2 He, while the moved ocer in o Bme window
that typacally meges from 1§ 0 45 seconds

HBaw |, Chanee-level perfommancs in Game |

A PFlayer &'s wurs Flper Hs view
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Phrsar &s dagedirimg s Playsr W's digi@iresg pal
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Fig. 3. The commusication medivm. {40 The signsld genermied by players” digittang pads is relayed o bath playen’
comnumumicat jon pancks, (B The signal has the propemies of g quackly Exding inierminent time series sech os i sig-
nal penerabed by a seismogmph that allows disconimuities. (C) The visasl caicome of the same geometric shape de-
pends om the velocity profile of the drewing movement. (B How the drawings of famsiliar letiers, numeraks, and
Eheipe s Sgpear on 1B commmsincalon pane
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Fag. 4, Soore plots for Stedy 1A The Geks on (e axes Gor Pairs 1 io % bave the samse values as (e teks on the aaes
for Pair i, namely (o [0 poinis on the ondinste and O oo 180 min oa the abscissa, (The dashed poatioss of the lines
for Pairs 2-6 signal 1lat the limes are not plotied on ibe basis of ihe hisiory files the compoier generied for the gome,
bl v been reconsiicted an ke Basls of ihe capenmenters’ poles. The reconsirc ion became necessany becims
of compuier Eailares. )

Tahle |
Sobutson times, minumm scones, and kst sssion scoses for the pasrs in Game |
Pait Tt 1 Sosdsrtion Mdinimmm Score 5 MCS C5-MNCS
1 135 ] | X5 46
2 48 41 14 -39 2
3 11 i n | Il
4 a0 a 19 -8 15
5 Mo solution 1] B3 na w1
fi 160 ] ] na i
) 2T LS ¥ 4] -7 LS
-] ar #2 21 =13 i
9 15 44 2 Q 17
10 oz 1] i =l T 36
Average Th LS X35 —I65 1q
s AT 2.0 a3 1500 1344

Note. T8 = commumacation score; MCS = no-commmnicatim score; na = nod available.
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Fig. 5. Pairs’ sign sy=iems for Ganse 1. The signs are prezented in the room they stand for. The rectangles around the
signs represent the communication panels within which the signs were deown (Fig. 1), Doted rectangles in gray in-
dicate signs ussd anly by one player in the pair. Two signs in the same room indicate that players did not use the
same signs for that room. Pilot Pairs A and B participated in a pilot stedy conducted with Game 1 (Galantucct,
Fowler, & Richardson, 2062}

12



2005/12/21
Rep.

@ 5| *,

lBj_
|

@ %

Lo H.eTE T

Plaver A's view Player B's view | Player A% view Playes By view

(A, ;) Pair L (A;) Plaver A spraks being in the cocle room by producing three
lines: Player B signals being in the flower room by producieg one koc, Iotegrating
e mitemration received from the parmer with knowledge ahoot their cament
location and sl the game map, players realice that they are in a douhle moawe
scemaria and hold their agents still. (A,) Flayer A produces the sign for the hexagon
room { four linest to propose 4 mesting point and moves the agemt in the direction of
the door that leads to the bexagon room. (Ag) Player B signels agrecment by
producing the sigs for the hexagon room and moves towand the door that Teads
there. {A,) Playess reach dwe hexagon rocn. (B, ) Paiz 3. (B,) Thoough their signs,
players discover that they are on different sides of dhe map. In such a scemario
Flayer A always fakes the inctative, moviog ibe afent towand the side where the
pariner i Flayer B waits for de parier 1o swilch sides. (Bo) Player B condinues to
miove toward the partner”s side, Player B waits. (B,) Player A enters the bexagon
roomm &nd signals the switch of side. Player B, seeing that the panper has changed
sides but not seeicg the parmer in the e, beging moving toward the ather room
on the night side. (B.) Flayer B resches Plaver A in the bexagon room

Box 1. Procedures used by Pairs 1 and 3 o handle the double-nmove soenario,
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Pabis” clicace s G e Hiowe s Ceade dimeitsdin
Pair Hirw 8o Cinele ™
| (Mumerstion-basod syiom) A abstract numbering schome of noors on (he map is relsied 1o the
numhers af wnits in the sign
2 leos-based systemi The mmbser of convexities o the lcon n the moos i eloled oo the nuster
ol units im the sign,
5 { Map-hesed system) Thhe kncation of the sign on the panel is related o the bkocation of e agent i
that envirmnment.
i | Map-hascd sysicmb Same s phove
5 (Mixed svsicmi Vismal features of 1he fcoms in the rooms are nelabed to visual feaneres of ehe

slggn =", The numiber of comvexities on te booms in the roons is relmed
1o the numsber of umils an the sagn "+, Arbitrary mapping

i | Kumerstion-based sywiemi Am ahwirsct numbering scheme of the moms on the mag is relaied o the
numhess ol wniis o the slgn

T I Humeration-based sywicm) Sama ns nbove

B iTcon-based sysicmi Vismal features of the fcoms in the rooms are related to visual feabares of the

sign “+". The numher of comeities on the ioons inthe mooms i reloied
{o khe numbser of unats in the sSgn.
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Filot B {Map-hased sysiemb Same as mhove.
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Fig. 6. Game maps for (&) Game 2 and (B) Game 3,
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Tahsle 3
Solatiom times, misdmsm scores and (es) sessbon soores Tof the pairs in Cames T sed 3
Game 1 Clame 3
Time i Miniomiin Time b Minimim
Pair salulion  sooee 5 MCS  CS-NCS  solution  soofe C5 MNCS CS5-NCS
| M 49 i3 -5 18 1oz e L £
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4 7 4r 3 11 14 Vsl A6y 1P 4 3
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E- 45 a7 17 13 4 1504 0 -1 -3 2
9 4 46 13 % 4 62 47 15 1 14
1] 42 35 3 ] . ] LIE+ a 11 3 8
Averuge M5 46 TS BTS04 [ B T I -1 1238
M2 I2m 453 nl 1] B e =1 19.74 T 1 R 2

Mate, U5 = enimrmiunacalson soore; NUS = no-cameninicilion score
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When players have their agents in the same room (most ofien
hecause they qest found a prey) they make their agents leave the
oo throuwgh differsmt doors (A). At that poimt, the scarch is
organized sround the indtiol deor choice. For cxample, if Moyer A
hiack dor) exited from the doer ot the wp of the room and Flayer B
{whise dod) from the door at the batony, Player A would explore the
rooms at the top of the map firsl and Player B would eaplore the
mooms at the bottermn first (B). In this manser each player has three
mooms that cen be wisied withoul the rek of bumping mio the cther
player’s agent. In other words, players can explore &% of the map
with no risks of peealtics. As soan as a player found the prey, the
player stopped moving the agent and signaled the comrent location o
the partner. {When playing without the compwmication medium, the
player simply waited for the partner to show up.)

Box 3. The split-search strategy.

Appendix A

Cectrre 1

« In this experiment you will be playing a video game with a partner. Here is how the gume
wirks:

« You control the movements of an agent on the screen with the four arrow keys (the experni-
menter reads the imstructions while the game 1= on and makes demonstration moves).

« To change room, cross one of the doors of the room, and you will get into the adjacent
room; if you cross the door back, you come back in the room you were in before.

# The layvout of your environment does not change.

» Youir partner plavs in the sume environment and moves like you.

= You always begin the game in different rooms at ramdom, and your goal is (o find each
other without doing more than one room change per plaver.

o IF you do two moves, it is an automatic loss.

* When the two moves are made vou either win or lose: [ you see four vellow squares at the
comers of the reom that means that the game 15 over and the score has been updated.

« At that point to start a new game both you and your partner have to be in a yellow square
either i the same oo or i different rooms,

= You and vour pariner can use the same yellow sguare,

17
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Appendix B
Cenimg |

» Suppose that you are nol able o paricipate in the next session of the ganse and decide o
have a fiend of yours take your place in the gome. Please descnbe in detol all that your
friend will need (o know o play the game as you would play it vourself.

* Plesse descnbe hiow vou (hlack circle | and your pariner (white circled would go aboat
sellving the lollowing Dwo scenmmiaos;

PR 1

A k|| Ak
' @ (o'e

o Please descrbe the meaming of each of the segns you and your partner use and how that
particuler meaning has been established:

e 2

# Suppose that you are not able o pamicipate in the next session of the game sod decide w
have a friend of yours take your place in the gome. Please descnibe in detol all that yoar
friend will nesd o know 1o play the ganse us you would play i voursel§

& 1:|II':L'H.' theseribhe
o howw you and your pamner manage o sob bump into cach other
= howy you mannge (o gt your pamner in the mom where you have Tfound the prey
= herw your pariner manoges fo gel you i the same roons where he or she las Toamd ihe

prEy

¢ Plesse desoribe the mesming of each of the signs you wmd your partner wse and how that
paarticulir meaning has been established

G 3

= !'1|I|1|1||w il Yokl are pol abile 1o juirhcIpale thie s session of the el and decde o
have a fnend of yours fske your place in the game, Please describe in detoal all that your
frend will need io know to play the game a5 you would play it vourself.

Plense describe

& oAy Wi anil Waster partmier manmige fo ol I"H:|r|'||1 mti ench olher

e how you manige (o pel v pamner in de room whene you have found the prey

-

o Jwvw wosld partnet minages (o gel you o the sanse romn whene be or she has found the
prey

® Wy Wl Famclle un ey altnck on yoa
# b yow hindle on enemy sttock on your pariner

e Please describe tse mennmg of each of the sipns you and vour pariner wse aiwd how ihat
p:||1||.'|||.1.1' MNINg has been estabhshesd (focis on the ch;lnlg:.':. bertwern the commmaenica-
tion procedures vou had in Game | asd Game 2 ond the communicition procedune you
| SHETUR T
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