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Abstract
Language is a unique hallmark of humans, it is both learned
and symbolic, which poses the problem of emergence: if nei-
ther form nor meaning is known, how can individuals com-
municate in the first place? The current study replicates work
that investigates the emergence of signal forms and meanings
and explores how Personal Need for Structure (PNS) of in-
teracting partners can aid or hinder the emergence of com-
municative systems. We include an existing measure of per-
sonal need for structure to investigate its relationship with the
emergence of such systems while participants play the em-
bodied communication game (ECG). Similar to the original
study, our work shows that a bootstrapping process and suf-
ficient common ground are integral to the recognition of sig-
nalhood. Moreover, this process appears to be more successful
for individuals who respond differently to a lack of structure as
compared to their interaction partner. Contrary to what is usu-
ally assumed, our results indicate that not only shared expec-
tations and biases seem to matter in communicative tasks, but
that diversity in biases of communication partners can also be
beneficial for the emergence of new communication systems.
Keywords: emergence of communication; language; evolu-
tion; embodied communication game; personal need for struc-
ture; PNS; cooperation; team differences

Introduction
Humans can share and accumulate knowledge through lan-
guage, allowing them to pass on knowledge to new genera-
tions. Communication through language can be formulated as
the joint action that emerges when speakers and listeners per-
form actions in coordination (Clark, 1996), and uses signals
that are both symbolic and learned. The emergence of signals
is therefore a defining event in human cognitive evolution.
However, the exact dynamics of language emergence—the
settling of two individuals on an effective interchange through
discrete, grounded symbols—is complex and not yet fully un-
derstood (Tylén, Fusaroli, Bundgaard, & Østergaard, 2013;
Scott-Phillips & Kirby, 2010). If form and meaning are un-
known, one fundamental question concerns the cooperative
process of agreeing on what form should refer to what mean-
ing (Oliphant, 2002). This process has been studied quite
extensively through laboratory experiments in which partic-
ipants need to invent and negotiate novel signals to solve

a communicative or cooperative task (Steels, 2006; Scott-
Phillips & Kirby, 2010; Tylén et al., 2013). A general finding
from such studies is that participants are able, through social
coordination, to gradually establish conventions and develop
a communication system. Consistently, researchers report on
the importance of common ground and the reliance on shared
biases and expectations between interacting partners in the
road to success. However, building a completely novel sys-
tem of signals from scratch is not easy and in such experi-
ments it is often the case that not all pairs manage to solve the
game. Analyses tend to focus on the conventions established
in successful games, which has generated many insights, but
we propose that a focus on differences in coordination out-
comes and properties of the individuals involved can help to
understand these dynamics better. In this paper, we show how
sometimes diversity rather than alignment of initial cognitive
biases and preferences of individuals might positively influ-
ence success in the social coordination of a shared language.

In essence, the emergence of signals can be formulated as a
cooperation problem, where individuals have a common goal
and need to figure out how to influence each other in an ini-
tially unstructured environment. It has been proposed that
the emergence of language is influenced by human biases to
prefer compressible, simple systems (Kemp & Regier, 2012;
Kirby, Tamariz, Cornish, & Smith, 2015). Such a bias can,
for example, drive the emergence of systematic structure over
generations of transmissions (Kirby et al., 2015). Individuals
have been found to differ in their personal need for struc-
ture (Neuberg & Newsom, 1993) which can affect problem-
solving capabilities such as solving maths-problems (Svecova
& Pavlovicova, 2016) and learning a foreign language or text
comprehension (Eva, Silvia, & Dáša, 2014). As such, the
social coordination of a shared language, which is initially
unstructured, can potentially be influenced by someones per-
sonal need for structure. We expect that PNS might affect
how individuals act in language emergence tasks as well and
investigate how a personal need for structure affects the evo-
lution of a communication system that is created de novo.
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Specifically, the experiment we present here was designed
to study the relationship between personal need for structure
as measured by the PNS questionnaire (Neuberg & Newsom,
1993), its F1 and F2 sub-factors and the emergence of a com-
municative system while playing the Embodied Communica-
tion Game (ECG) (Scott-Phillips, Kirby, & Ritchie, 2009),
which is described in detail in the next section.

Background
The current study is based on an experiment designed by
Scott-Phillips et al. (2009), who investigated the emergence
of newly created communication systems when humans are
not able to communicate verbally, or in any other conven-
tional way. Participants played the ECG, a cooperative
game, and the results revealed how signals acquire informa-
tive meaning without pre-defining a communication channel,
roles of signaler and receiver, or a form space.

The Embodied Communication Game (ECG)

The ECG is a cooperative two-player game that consists of
two 2 × 2 grid worlds, where players are embodied in the
sense that they are given a physical form (a black square) to
move around with. Each quadrant has one of four colors (red,
green, yellow, blue), that is determined at random. The goal
of the participants is to end on identically-colored quadrants
and, if they do, score a point. Players can move within their
own world and see movements in both worlds but can only
see the colors of their own quadrants, showing the others’
quadrants as gray (figure 1a). Once finished moving, the col-
ors of all quadrants are revealed to both players (figure 1b) as
means of feedback. The colors of the quadrants and starting
positions of both players are randomly chosen with the pro-
viso that there is always one overlapping color between both
worlds so that it is always possible to score a point. Players
are informed that their goal is to score as many consecutive
points as possible, meaning that players cannot win by play-
ing many games but must instead find a way to communicate
reliably and coordinate behaviors with each other (see Scott-
Phillips et al., 2009 for a more elaborate explanation).

The setup of this experiment required participants to coor-
dinate their behaviors by agreeing on what behaviors corre-
spond to what meaning, and they had to find a way to sig-
nal that these behaviors were of communicative intent. This
problem is solved when eventually movements between the
quadrants come to be understood as communicative. It turned
out to be a non-trivial task since only 7 out of 12 pairs man-
aged to co-opt one’s movements for the purpose of communi-
cation. Scott-Phillips et al. (2009) conclude that the problem
of mapping form onto meaning is solved by finding sufficient
common ground and bootstrapping new meanings upon that.
As such, the authors suggest that the latter significantly in-
creases the likelihood that a symbolic communication system
emerges and that the emergence of dialogue is a crucial step in
the development of a system that can be employed to achieve
shared goals.

(a) Participants’ view while playing

(b) Participants’ view after both players pressed the spacebar

Figure 1: The game environment, 1a shows the view while
players are moving, where movements from both, but only
the colors from the participants’ own world are visible. 1b
shows the environment after both players are done with their
movements. The colors of all quadrants are revealed to both
players as means of feedback.

Successful interactions and shared expectations

Many studies involved the experimental emergence of arti-
ficial languages, where participants are not permitted to use
conventional language systems (Steels, 2006; Scott-Phillips
& Kirby, 2010; Tylén et al., 2013). A task that is some-
what related to the ECG was studied in an experiment by
Galantucci (2005). Here participants played a collaborative
computer game and were required to develop new semiotic
conventions, which map signals and meanings, to communi-
cate information regarding their location using a novel com-
municative channel. Similar to the findings of Scott-Phillips
et al. (2009), not all pairs succeeded in this task. Moreover,
pairs who did succeed differed widely in the manner and rate
at which they managed to solve the game. Success in such
tasks is typically attributed to feedback, alignment, shared bi-
ases and similarities between pairs, but a specific focus on
the underlying mechanisms that allow some pairs to converge
on a system while others can not achieve this is lacking. We
are interested in precisely these dynamics and investigate how
diversity of preferences and biases in pairs influences collab-
orative tasks.
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Personal need for structure
Individual differences in the desire for structure may influ-
ence how people understand and interact with their worlds.
This desire is measured by the Personal Need for Structure
Scale (Neuberg & Newsom, 1993), which consists of 12
statements (e.g. “I enjoy having a clear and structured mode
of life”) that are answered on a 6-point Likert scale. It mea-
sures the tendency to seek structure in chaotic environments.
It is characterized by a representation of simplified infor-
mation and generalization of previous experience into fewer
complex categories that an individual uses in new and am-
biguous situations (Svecova & Pavlovicova, 2016). Two con-
ceptually different sub-factors are identified: the desire for
structure in unstructured environments (F1) and an individu-
als response to the lack of structure (F2).

Current study
As mentioned above, reports on cooperative games and the
emergence of communication often focus on the importance
of common ground and the reliance on shared biases and ex-
pectations between interacting partners. However, we expect
that differences can also play a role as interacting partners that
differ might complement each other’s shortcomings, which
possibly aids cooperation. Arguably, the initial states of the
ECG can be considered as an unstructured environment and
thus may evoke different responses in humans that differ in
PNS. We investigate precisely how PNS might affect the evo-
lution of a communication system that is created de novo.

Methods
Participants (N = 40: 31 females, 9 males; Mage = 22.12,
SDage = 3.56) were recruited via two methods: the partic-
ipant recruitment website from the Psychology department
of Leiden University, and by the experimenters during lec-
tures or other events. As a result, 20 pairs played the ECG.
Upon arrival, they were given instructions about the experi-
mental procedure and asked to take a seat behind a computer
in two separate rooms. The entire experiment took place on
two connected computers through a web application. Partic-
ipants then read instructions that explained the goal and me-
chanics of the game and were given the opportunity to ask
clarifying questions solely concerning the mechanics. This
setup ensured that no conventional communication was pos-
sible and that the problem of signaling signalhood had to be
solved by participants themselves. The pairs then played the
game for 40 minutes uninterrupted, on average they played
255 rounds. Both players could move between the centers
of each of their own quadrants using the arrow keys and fi-
nalized their movements with the spacebar, after which both
players received feedback on their performance (figure 1b)
and continued to the next round. The game was stopped after
40 minutes, participants then filled out the PNS questionnaire
and reported whether they thought that any communication
occurred. If any, they described the communication systems
they developed or attempted to develop. Finally, they were

debriefed and given the opportunity to discuss their experi-
ence. This study was approved by the Psychology Research
Ethics Committee of Leiden University.

Measures
Game performance was measured using a score and high
score. The score was increased by one point when both play-
ers ended on a quadrant with identical colors. The high score
represents the number of consecutive successful rounds. PNS
and its sub-factors were measured using a survey of 12 state-
ments (see Neuberg & Newsom, 1993 to see all statements),
where the sum of all answers defines PNS, a higher sum cor-
responds to a higher need for structure. Here, items 3, 4, 6,
and 10 correspond to sub-factor F1 and items 1, 2, 4, 7, 8,
9, 11, 12 sum to F2. Finally, participants described the com-
munication system they developed via three open questions.
We cross–checked the post–game descriptions, in which the
participants described their communication systems, with the
corresponding game data to validate whether both players re-
ported identical systems, and to identify emerging patterns.

Results
Statistical analyses were performed using R 4.1.0 (R Core
Team, 2021) and the BayesFactor 0.9.12-4.2 package (Morey
et al., 2018). Our results follow findings by Scott-Phillips et
al. (2009) in that out of 20 pairs, only 11 pairs managed to
create a robust communicative system, confirming that this is
not a trivial task. Participants perform on average 6.87 moves
(SD = 5.86) per round and obtain a mean high score of 29.9
(SD = 31.4).

Emergence
The emergence of communicative systems happened in a
similar manner to what was reported by Scott-Phillips et al.
(2009), hence, we refer the reader to their article for a more
elaborate description. Successful pairs typically converged
on a default color, allowing them to score above chance lev-
els, this happened for 12 out of 20 pairs (note that one pair
was not able to further develop a communication system be-
yond a default color). However, this strategy failed when the
default color was not available. Players typically responded
to this by moving between quadrants, which could be rec-
ognized by the other as communicative (e.g. “No, not the
standard color”). An initial convention was formed when
these behaviors were recognized as signals. From here play-
ers could bootstrap their signaling behavior when there were
no colors available for which a signal exists. These elaborate
behaviors quickly became symbolic signals that participants
explicitly recalled in their reports. The timing of convergence
on a default color was crucial towards a high score; pairs
that quickly settled on a default color typically evolved more
elaborate and robust systems. These systems were idiosyn-
cratic to the pairs that evolved them and consequently would
not be useful to immediately communicate successfully with
new unseen partners. We observed patterns that are similar to
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Figure 2: The quadratic relationship between the average
number of steps over all rounds and high score.

the original study, namely oscillating between quadrants, cir-
cles and U-shapes. An example system of a successful pair is
as follows: red was the standard color, move there and wait
for other signals. Green was indicated by moving in anti-
clockwise circles, yellow was signaled by clockwise circles,
and blue was signaled by oscillating horizontally.

Successful pairs agreed on a color through dialogue. In a
typical dialogue, one player initialized a signal after which
the other copied it to confirm that color. However, when
that color was not available the recipient became the sig-
naler and suggested another color by using its correspond-
ing signal. Such behavior continued until both players
agreed on a certain color and finished the round. This ro-
bust system enabled participants to communicate success-
fully and gain high scores. We found that this is also re-
flected in the average number of moves participants made,
where dialogue, quantified by the mean number of moves,
has a quadratic relationship to higher scores, F(2,37) =
7.29, p = .002,R2 = .28,R2

ad justed = .24 (see figure 2). We
also tested a linear relation between dialogue and high score,
but found that this resulted in a lower fit (F(1,38) = 5.24, p=
.02,R2 = .12,R2

ad justed = .09). Moreover, the quadratic rela-
tion remains best when the two points larger than 25 moves
are removed, R2

ad justed = .28 for quadratic regression and
R2

ad justed = .19 for linear regression. Together this suggests
that there appears to be an optimum number of moves: too
few movements cannot convey communicative content, while
too many movements can become confusing.

The reports of non-successful pairs typically describe that
at least one participant tries to stick to its own system, not
paying attention to the behaviors of the other. In some cases,
participants even report having actively tried to communicate,
whilst realizing that their teammate did not notice and thus
decided to unsuccessfully submit to their dominance. This is
not trivial and often fails. This again shows that settling on
conventions and the emergence of a communicative system
requires all members to actively cooperate and interact.

Figure 3: Pairs’ difference in PNS score positively influences
high score.

Need for structure
Simple linear regression showed no relation between PNS
(M = 41.8, SD = 8.78), F1 (M = 15.4, SD = 3.48), F2 (M
= 26.4, SD = 6.53), and high score or the average number
of moves on an individual level. However, the ECG en-
forces team cooperation of both players, we therefore com-
bined individual scores to calculate team scores and assess
team performance. We computed the difference in PNS be-
tween the two participants and figure 3 reveals that pairs with
individuals that have a large difference in PNS score higher,
F(1,18) = 4.869, p = .041,R2 = .21,R2

ad justed = .17. This
means that partners that respond differently to chaotic envi-
ronments perform better in the ECG than those that have both
either a high or low personal need for structure.

Comparing teams
As mentioned earlier, not all pairs managed to form a robust
communication system and successfully communicate their
intentions. To further investigate why some are successful
and some are not, we labeled games based on self-reports
that describe the communication system that was used. Af-
ter playing the game, participants individually reported on
the communication system they thought was present, and
the answers to these questions were cross-checked between
pairs and used to split the pairs into groups. Teams were la-
beled as good (n = 11) when both participants individually
reported identical signals for the same colors. They are la-
beled medium (n = 3) when there was partial overlap or when
there was only a default color, and bad (n = 6) otherwise.
An analysis of variance (one-way ANOVA) showed that the
mean high scores of these groups were significantly differ-
ent, F(2,17) = 7.91, p = .004. When we combined medium
and bad performing pairs to have roughly equal sample sizes,
again mean high scores were significantly different, t(18) =
4.07, p < .001. This is expected because when two players
can both recall the same systems, they were probably also
communicating successfully in many consecutive rounds.
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Although figure 2 shows that pairs which use more move-
ments do not necessarily reach higher scores, when com-
paring the two groups we do see that teams that performed
well in the ECG, on average, moved more than those
who performed worse (Mgood = 9.50,SDgood = 6.58,Mbad =
3.65,SDbad = 2.29, t = 3.89, p < .001). This supports the
assumption that well-performing teams have sufficient dia-
logue, which according to Scott-Phillips et al. (2009) acts as
an indicator that a pair can be considered to have a robust
system.

Figure 4 shows the correlations between team measures for
pairs labeled as good and medium or bad performing pairs. A
significant relationship between the difference in PNS scores
and the high score is present for good teams, r(9) = .693, p
= .018. Since PNS is the sum of F1 and F2, it allows us to
investigate the main contributor of this effect. Differences in
desire for structure (F1) do not explain higher scores (r(9) =
-.107, p = .754), yet differences in the response to the lack of
structure (F2) do, r(9) = .78, p = .004.

A Bayesian test for correlation between PNS difference
and high score on good performing pairs yielded BF10;κ=2 =
3.69, indicating PNS difference positively influences the high
score. For F2 difference and high score, BF10;κ=2 = 13.25,
confirming that a greater F2 difference predicts higher high
scores. We did not find these relationships in the group of
medium and bad performing pairs. This could be expected
since high scores, in general, were lower for these pairs. Fig-
ure 3 shows that, although pairs with the largest differences
in PNS or F2 tend to score the highest, a relatively large dif-
ference in PNS or F2 does not necessarily lead to a higher
high score. We also observe pairs with a medium difference
in PNS or F2 that do not perform better than the lowest scor-
ing pairs in general. This indicates that diverse reactions to
chaotic environments may be beneficial in establishing com-
munication systems, but it does not guarantee success.

Discussion
In this paper we describe an experiment in which participants
played the Embodied Communication Game from Scott-
Phillips et al. (2009) and we replicated their findings, while
also introducing a novel way of comparing differences in
game success. Paired participants had a shared goal whilst
they did not have access to conventional means of communi-
cation. As such, they had to create a novel communication
system that allowed them to coordinate their intentions. This
non-trivial cooperation problem was typically solved through
the formation of initial conventions (common ground) and a
bootstrapping process. We extended the original work by in-
corporating a measure that allowed us to compare cognitive
traits of cooperating individuals and found that a difference
in personal need for structure between partners influenced the
emergence of the communication systems in this game.

It is important to note that the current sample size lim-
its the possibility to make far-reaching generalizations, but
the results reveal intriguing relationships that provide insight

into the working mechanisms of the emergence of commu-
nication systems and may inspire future work. When look-
ing at individual participants, no measure of personal need
for structure, PNS, F1 and F2 correlated with high scores.
However, when comparing partners in a team, we found that
team measures—defined as the difference of pairs’ individ-
ual scores—influenced performance. Greater differences in
PNS and F2 positively correlated with a teams’ high score.
Situated in the ECG, this entails that pairs of individuals that
respond differently to unstructured situations were more suc-
cessful in building a communication system together. A split
of pairs into good, medium and bad teams revealed that this
relation is only present for well-performing teams. We there-
fore concluded that, while our results indicate that diverse re-
actions to a lack of structure may be beneficial in creating
a communication system together, this difference does not
necessarily guarantee better performance in the ECG. Many
other factors of course influence the complex process of so-
cial coordination, and here we have identified one, but we
suggest other factors and interactions between them should
be studied as well. We propose to not only further investigate
the relation of PNS to the creation of novel communication
systems but also to include analyses on other personality traits
such as the Big Five personality inventory (McCrae, Costa, &
Martin, 2005) or other questionnaires that assess personality
traits (e.g. leadership, submissiveness). This would allow
us to investigate further how various combinations of traits
influence the creation of novel communication systems and
create a deeper understanding of what might lead to success
in collaborative tasks.

Human language is highly structured. It is suggested that
systematic patterns emerged in language because humans
are naturally biased towards compressible systems, through
a general preference for simplicity (Kemp & Regier, 2012;
Kirby et al., 2015). Here, we investigated the influence of
such a bias for structure in a task where participants had to
cooperate and coordinate their signals. These biases also sig-
nificantly affect the emergence of structure in language as lan-
guages are learned and transmitted across generations (Kirby,
Cornish, & Smith, 2008; Theisen-White, Kirby, & Oberlan-
der, 2011; Verhoef, 2012; Kirby et al., 2015). Such experi-
ments of iterated transmission often also expose participants
to initially unstructured systems, which then gradually be-
come structured over generations of transmission. Yet, diver-
sity in the bias for structure has never been used as a factor in
these studies, as such we propose there is an opportunity to
further investigate this by assessing how differences in PNS
may affect the emergence of patterns in transmission chain
experiments like those of Kirby et al. (2008); Theisen-White
et al. (2011); Verhoef (2012). This could reveal whether be-
sides the processes of transmission and interaction (Kirby,
2017), a direct individual need for structure, or differences
therein indeed affect the evolution of signals. If the latter is
true, this would provide more evidence for the benefits of di-
verse members in collaborative tasks. The effect of diverse
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Figure 4: Comparison of the relations between all measures for good performing pairs (left) and medium or bad performing
pairs (right). For good pairs there is a positive correlation between PNS dif, F2 dif and high score. These relations are not
present for medium or bad pairs. In both groups F2 dif correlates with PNS dif, while F1 dif does not, indicating that F2 dif
is the main contributor of the relation between PNS dif and high score. Note: the color represents the correlation coefficient
and the annotations correspond to p-values.

members in groups on emergence of signaling systems can
also be investigated when the ECG is adapted to accommo-
date groups instead of pairs. It has been found that commu-
nicating with multiple interaction partners introduces pres-
sures that result in more stable shared vocabularies (Raviv,
Meyer, & Lev-Ari, 2019). In combination with our findings
(i.e. that the ECG is a non-trivial task for pairs), we spec-
ulate that establishing common ground and emerging signals
in the adapted ECG will be more difficult for groups but that
once these are in place, will be more robust. We moreover
expect that groups consisting of diverse members that score
differently on PNS will benefit from this and obtain higher
high scores.

It seems obvious why alignment in expectations may aid
cooperation, it makes it easier to coordinate and predict the
moves of another player. The reason why diversity in expec-
tations may be beneficial in cooperation tasks may be less
intuitive, but we suggest that differences between interacting
partners might complement each others’ weaknesses, possi-
bly aiding cooperation. In light of the ECG, this happens
when one partner actively tries to create structure, while the
other is looking for structure.

Conclusion
In general, we argue that novel insights can be obtained if
we do not only focus on the systems invented by success-
ful pairs in communication game studies but also investigate
what might separate those who score high from those who
perform worse. Contrary to what is usually assumed, namely

that overlap in cognitive biases and similarities in expecta-
tions drives the emergence of shared systems (Tylén et al.,
2013; Scott-Phillips & Kirby, 2010), we found that differ-
ences in personal need for structure also matters in coopera-
tive tasks and that diversity of communication partners might
be beneficial for the emergence of new communication sys-
tems. While more evidence is needed to support this ben-
efit, we speculate that differences in biases or personalities
can aid by complementing weaknesses of partners in unfa-
miliar collaborative situations such as language evolution. As
such, we propose that novel insights can be obtained by fo-
cusing on targeted differences between interacting pairs that
have not been able to successfully communicate. We suggest
including other personality traits and investigating the exact
workings of the dynamics between mixed prior expectations,
personality traits and the emergence of novel communication
systems.
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