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How do linguistic conventions emerge among a population of individuals? A shared lexicon
can self-organize at population level through local interactions between individuals, what has
been shown in the Naming Games computational framework. However, the dynamics of the
convergence towards this shared convention can differ a lot, depending on the interaction sce-
nario. Infants, who acquire social conventions really fast, control actively the complexity of
what they learn, following a developmental pathway. Adults also adapt the complexity of their
linguistic input when speaking to language beginners. We show here that such active learning
mechanism can improve considerably the speed of language formation in Naming Game mod-
els. We compare two scenarios for the interactions: either the speaker exherts an active control,
or the hearer does. The latter scenario shows faster dynamics, with more robustness.

1. Motivations

How does language emerge, evolve and gets transmitted between individuals?
What mechanisms underly the formation and evolution of linguistic conventions,
and what are their dynamics? Computational linguistic studies showed that local
interactions in groups of individuals (e.g. humans or robots) can lead to self-
organization of lexica associating semantic categories to words (Steels, Kaplan,
Mclntyre, & Van Looveren, 2002). However, it still doesn’t scale well to com-
plex meaning spaces and a large number of possible word-meaning associations,
implying high competition among lexical conventions.

In statistical machine learning and in developmental sciences, it has been ar-
gued that an active control of the complexity of learning situations can have a sig-
nificant impact on the global dynamics of the learning process (Gottlieb, Oudeyer,
Lopes, & Baranes, 2013; Lopes & Montesano, 2014; Kaplan, Oudeyer, & Bergen,
2008). This approach has been studied mostly for single robotic agents learning
sensori-motor affordances (Oudeyer, Kaplan, & Hafner, 2007; Moulin-Frier &
Oudeyer, 2013), but active learning might represent an evolutionary advantage
for language formation at the population level as well (Oudeyer & Smith, 2014;
Steels, 2004).

Naming Games are a computational framework, elaborated to simulate the



self-organization of lexical conventions in the form of a multi-agent model (Steels,
2001). Through repeated local interactions between random couples of agents
(designated speaker and hearer), shared conventions emerge. Interactions consist
of uttering a word - or an abstract signal - refering to a topic, and evaluating
communication success or failure.

However, a lot of processes involved in these interactions are random choices,
especially the choice of a communication topic. Some preliminary work on the in-
troduction of active learning algorithms in these models already shows significant
improvement of the convergence process towards a shared vocabulary, but only
with the speaker actively controlling vocabulary growth (Oudeyer & Delaunay,
2008; Schueller & Oudeyer, 2015; Cornudella, Van Eecke, & Van Trijp, 2015) .

Memorization skills of infants are improved through active query of lexical
knowledge (Partridge, McGovern, Yung, & Kidd, 2015), and experiments with
children learning tasks in a social context suggest that this active behavior may
also be part of the mechanisms used naturally in an interacting population of hu-
man learners (Vredenburgh & Kushnir, 2015). In this work, we adapt the existing
algorithms to a variant of the Naming Games where the hearer is actively control-
ling the complexity growth of the shared lexicon.

2. Methods
2.1. Interactions

The exact interaction process used in this work can be described as follows:
Among the population, two agents are randomly picked and designated as speaker
and hearer. A topic is chosen within the set of possible meanings (either randomly
or actively by one of the agents), and the speaker utters the word associated (in
its own vocabulary) to this meaning. The hearer then guesses the meaning of the
word, and compares it to the actual topic. If the two meanings match, the inter-
action is successful. Otherwise, the communication is a failure, and both agents
have the opportunity to update their vocabularies. We distinguish here three dif-
ferent scenarios: the topic is chosen randomly (like in the original models), either
by the speaker, or the hearer (figure 1).

Vocabularies are represented as binary matrices, rows and columns being re-
spectively meanings and words. The sets of meanings M and words W are finite
(cardinalities M and W) and symbolic (no grounded meaning or word). All NV
agents of the considered population start with empty vocabularies (all-0 matrices).

In Wellens (2012), a classification of Naming Games interaction types is pro-
posed. We will employ one of the vocabulary update method described there, the
Imitation Strategy (figure 2, choice explained in section 4). An agent always adds
to its vocabulary the meaning-word association used in the interaction, erasing all
potential synonyms or homonyms. This ensures a maximum of one associated
word per meaning.
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Figure 1. Interaction process for both active scenarios considered in this work. Beforehand, two
individuals have been randomly selected among a population, an designated as speaker (S) and hearer
(H). Speaker’s choice: 1. S chooses a topic, 2. S checks its vocabulary to find or invent an associated
word, 3. S utters the word, 4. H guesses the intended meaning, 5. S indicates the intended meaning.
Hearer’s choice: 1. H chooses a topic, 2. H indicates the intended meaning, 3. S checks its vocabulary
to find or invent an associated word, 4. S utters the word, 5. H checks its vocabulary for a meaning
associated to the uttered word. In both cases, if all meanings match, the interaction is considered a
success, otherwise a failure. After the process, both agents can update their vocabularies.
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Figure 2. Vocabulary update policy: in the two interactions described here, topic was the object ap-
ple, and uttered word was rimi. When the speaker is refering to an unlabeled (for him) meaning, it
creates an association during the update. When an interaction fails, the hearer adds the used associa-
tion, and erases any conflicting homonym or synonym.

2.2. Strategies for the active choice of topics

During an interaction (figure 1), one of the involved agents (speaker or hearer)
chooses the topic, i.e. the meaning infered by the speaker. This choice is done
with only local information; in other words an agent doesn’t access the memory
of the others. The way of picking of the topic is called a strategy. A uniform
random choice over the set of meanings is called the naive strategy.

The three active strategies used in this work (figure 3) cover a certain diversity
of active mechanisms. This work analyzed 3 different strategies, each of which
balances two types of behaviors: choosing an unlabeled meaning (to increase the
vocabulary size) or choosing an already labeled one (in order to consolidate the
existing vocabulary). In the latter case, the agent employs a confidence function
to discriminate among known meanings those which would benefit consolidation
in priority.





















