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As Zipf observed in 1935, human languages appear to exhibit an inverse rela-
tionship between word length and word frequency; the higher the frequency of a
word, the shorter it tends to be. Since then, this inverse relationship (Zipf’s Law
of Abbreviation, or ZLA) has been observed in a wide range of languages (see,
e.g., Sigurd et al., 2004; Piantadosi et al., 2011; Ferrer-i-Cancho & Hernández-
Fernández, 2013).

What causes languages to align length and frequency in this way? Zipf hypoth-
esised that speakers operate in accordance with a Principle of Least Effort (PLE).
Combined with a pressure to communicate successfully, the pressure to minimise
effort for speakers–here, by minimising the length of an utterance–would lead op-
timally to the shortest forms being mapped to the most frequent meanings, leav-
ing longer forms to describe rarer referents. This hypothesis (H1) relies on the
assumption that speakers are sensitive to frequency differences, and can optimise
form-meaning mappings accordingly. However, an alternative hypothesis (H2)
states that ZLA can be explained purely by invoking cognition-external statisti-
cal facts about randomly generated systems (Moscoso del Prado, 2013; Ferrer-i-
Cancho & Moscoso del Prado, 2012).

If ZLA is a result of the PLE, as H1 suggests, then we should be able to observe
speakers actively optimising form-meaning mappings during communication. We
test this by using an artificial language task manipulating the frequency of mean-
ings. We predict, following H1, that speakers will spontaneously map forms to
meaning in a way that optimises efficiency.

We trained participants to learn a long name and a ‘clipped’ name for each
of two objects. The clipped name was the same for both objects, while the long
names were distinct. Crucially, one object appeared more frequently than the
other. In the critical condition, pairs of participants played a communication game
in which they took turns transmitting the name of the object they saw to their part-
ner, who then had to guess which of the two objects the first partner was seeing.
Participants could choose to transmit either the long or short name to their partner.
The longer names took a longer amount of time to transmit, so that greater length



was associated with greater ‘effort’. Pairs were rewarded for completing the task
in the quickest time (introducing a pressure to minimise effort), while maximis-
ing the number of correct guesses (pressure to communicate successfully). Three
control conditions were included for a full 2x2 manipulation of time and commu-
nicative pressures.

In the condition with a time pressure but no communicative pressure (N=8),
participants mapped both objects to the ambiguous short form (‘efficient strat-
egy’). In the condition with only a communicative pressure (N=8 pairs), most
participants retained the unique long forms for each object (‘expressive strategy’).
Crucially, in the condition with pressures to communicate both accurately and
quickly (N=8 pairs), by the end of test trials, most participants converged on the
optimal strategy wherein the most frequent object was mapped to the ambiguous
short name, and the infrequent object to its unique long name, making the ‘lan-
guage’ both efficient and expressive.

Because the optimal strategy was significantly more likely to occur in the criti-
cal condition than in any of the controls, we conclude that speakers are sensitive to
frequency differences, and when subject to pressures to communicate accurately
and efficiently, they actively map forms to meanings in a way that optimises both
these factors. These results are proof of concept that the PLE is in fact a plausible
explanation for why the inverse relationship between word length and frequency
is so widespread in human languages and communication systems; it results from
a gradual accumulation over time of speakers’ optimising behaviour.
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