
mindlab
MINDLab - Aarhus University - www.mindlab.au.dk

au
AARHUS UNIVERSITY

Semiotics
Center for Semiotics

Figure 5: Results

Developing a common language: 
an experimental investigation into the bases and effects of cultural evolution

Riccardo Fusarolia,b &  Kristian Tyléna,b

a: Center for Semiotics - Institute of Aesthetics and Communication, Aarhus University
b: The Interacting Minds Group / MindLAB, Center for Functionally Integrative Neuroscience, Aarhus University Hospital

types of confidence expressions

Fig. 1: experimental setup

Fig. 4: convergence plots 
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Introduction:

Recent advances in evolutionary and cognitive anthropology, neuropsychology, 
evolutionary robotics, and linguistics suggest that human language evolved from 
a pressure for increasingly sophisticated means of socio-cultural coordination and 
cooperation. More generally, an increasing amount of literature is showing how 
culture in its network of practices, semiotic systems, artefacts and institutions is 
the most effective mean for both the alignment and the constructive coordination 
at different time scales of human cognitive systems. However, the mechanisms 
through which human beings get to coordinate have only started to be experi-
mentally investigated and even less so is the role of language and cultural pat-
terns in this process of coordination.

Our model (cf. Fusaroli and Tylén, accepted):

1) Language relies on mimicry (Chartrand and van Baaren 2009, Pickering and 
Garrod 2004) to create stable symbolic patterns. 

2) Language can be considered a social coordination device (Clark 1996). Shar-
ing a public language thus facilitates particularly efficient forms of joint perception 
and action by allowing interacting agents refined tools for directing attention, and 
aligning conceptual models and action plans (Tylén, Weed et al. 2010; Tylén, Fu-
saroli et al. accepted).

We tested this model in a behavioral experiment where dyads freely negotiated 
their joint decisions related to a psychophysical joint decision task. Performance 
in the task critically depends on participants’ joint assessment of their individual 
confidence and trial-by-trial choice of the more confident participant.

Analysis:

The transcripts from each dyad were coded for linguistic expressions of confi-
dence (Peterson and Pitz 1988) such as “I’m not sure”, “I’m blank” or “I think I 
saw something …”. We found 35 different families of confidence expressions 
(e.g. different expressions containing the words “sure” or “see”, etc.). Grouped 
expressions were entered into an automatized search procedure to map distribu-
tive patterns and type/token frequencies for each family. The procedure thus al-
lowed us to quantify for each dyad: 

1) Local Linguistic mimicry: the transition probability that a participant repeats 
the other participant’s expression from the previous interaction:  
       

2) Global Symbolic Patterns Stability: the degree to which a dyad converges 
on a single set of confidence expressions rather than indecisively drifts between 
numerous types of expressions: token distributions of each confidence expres-
sion type were sorted and plotted (see fig.4) then the amount of tokens of the 
most frequent type was divided by the overall number of confidence expressions: 

Local linguistic mimicry: 

(1) Transition probabilities calcu-
lated for each dyad were corre-
lated with their performance in 
the joint decision task using a 
general linear model. The cor-
relation (b=.51, r2=.26) was 
significant at p<.05 (see fig. 
5b).

(2) Transition probabilities calcu-
lated for each dyad were correlated 

with their global symbolic patterns stability- 
The correlation (b=.85, r2=.72) was signifi-
cant at p<.00001 (see fig. 5a).

Global symbolic patterns stability: the 
ratio between the amount of tokens of the 
most frequent type and the overall number 
of confidence expressions was correlated 
with the dyads’ performance in the joint deci-
sion task using a general linear model. The 
correlation (b=.67, r2 = .45) was significant 
at p<.005 (see fig. 5b).

The results show that the different groups developed different common languag-
es for confidence through adaptive processes of local linguistic mimicry. This skil-
ful but implicit adaptivity highly correlated with the stability of the symbolic pat-
terns developed.

Crucially, performance in the psychophysical joint decision task depended on 
the levels of local linguistic mimicry and critically on the stability of these sym-
bolic patterns. The more the participants came to “speak the same language”, the 
more they benefitted from their cooperation.

This is a circular process: Through iterated social interactions, language is gradu-
ally carved into a tool fit to the experimental context (in this particular case, a 
shared scale for comparison of individual confidences). And, as a shared, task 
related language evolves, participants optimize their social coordination and thus 
increase their performance on the task at hand. This study thus quantifies the im-
pact of language as a social coordination device. 

 Performance in the psychophysical joint decision task depends on:

1) Local linguistic mimicry: the degree to which participants of a 
dyad flexibly and reciprocally adapt to each other’s ways of talk-
ing about confidence. 

2) Global symbolic patterns stability: the degree to which partici-
pants of a dyad converge on a limited functional set of shared 
terms for talking about confidence

Materials and methods:
The investigation was built on top of 
a recent experiment by Bahrami 
and colleagues (2010) testing 
collective low-level perceptual 
decision-making. Pairs of par-
ticipants sat in a darkened 
room and were shown a se-
quence of two faint visual dis-
plays (Gabor patches)  
(see fig. 1). 
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The participants had to individually evaluate 
which of the displays contained an oddball 
(see fig. 2). If their individual choices were 
divergent, they were to negotiate, by freely 
discussing with each other, a joint decision. 
Their verbal interactions were videotaped 
and a computer recorded the trial-by-trial  
accuracy of their joint decisions. Data from 
sixteen pairs (incl. 1470 short interactions 
≈ approx. 20 hours of video) were collected and transcribed (for an example of a 
transcript, see fig. 3). 
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3) Task performance from each dyad 
was obtained from Bahrami and col-
leagues’ original study (2010) and ex-
presses the relative group benefit in 
joint decision accuracy compared to the 
best individual participant of a dyad. 

(where S is an utterance of confidence, X and Y are the interlocutors and 
n is the interaction)

P(S(X)n | S(Y)n-1)


