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We report an experiment investigating the emergence of focus, the prosodic or
morphosyntactic marking of critical elements (Schmitz, 2008) in a sentence.
Stevens (2016) argued for a theory of focus based in information theory (Shannon & Weaver, 1949; Schmitz, 2008; Bergen & Goodman, 2015). Language
users must deal with noise – the random deletion or alteration of parts of a signal. A solution is to compensate by adding redundancy (e.g., greater prosodic
or morphosyntactic emphasis). However, redundancy costs both effort and time,
so we should expect speakers to restrict redundancy to critical elements, particularly when effort and time pressures are high. (Redundancy on critical elements
will be referred to here as critical redundancy, as compared with non-critical redundancy on other elements.) These factors should be expected to operate over
multiple timescales. In a single interaction, speakers respond dynamically to perceived noise, time and effort pressures (Krauss & Weinheimer, 1964; Clark, 1996;
Brennan & Clark, 1996). Developmentally, language learners acquire strategies
for adding redundancy (Romaine, 1984). Over generations, such strategies can be
expected to become grammaticalized as focus systems (Tamariz & Kirby, 2016).
We thus expect focus-like behavior to emerge and evolve in any communication system that involves sending messages under similar constraints and make
the following predictions: (1) Overall message length should vary according to
time and effort costs; (2) longer messages should differ from shorter messages not
only with respect to length – shorter messages should also have lower proportions
of non-critical redundancy; (3) critical redundancy should be higher when noise
is higher, both in an absolute sense and in a relative sense (more critical than noncritical redundancy); (4) unless noise and time pressures actually prevent accurate
communication, communicative accuracy should remain relatively constant, because focus is designed to help maintain accuracy under different conditions.
We tested these predictions experimentally by having participants play a simple communication game. Players sat separately and took turns to be “Sender” or
“Receiver”. The Sender would see three grids, two with line figures (Figure 1; in
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Figure 1.

Sender’s screen.

half the trials, the line figures overlapped by five cells), one selected in green. The
third grid was blank. The Sender’s task was to communicate the selected grid to
the Receiver by clicking on as many (or as few) cells as they liked in the blank
grid. The Receiver was then shown the same three grids and had to choose the
correct line figure. Both participants were told if the Receiver chose correctly.
There were six conditions based on manipulating effort, noise, and time constraints (Table 1). For a cell to be sent, a Sender had to click it 15 times in the
High effort condition and five in the Low effort conditions. In the Noise conditions, any clicked cell would be sent with a probability of 1 − (1 − d)n , where n
equals the number of clicks made on the cell. Two values were used for d: 0.1 in
the High noise condition and 0.4 in the Low noise conditions. (There were no 5s
High effort or High noise conditions, as the time limit would restrict the number
of clicks too much.)
Table 1. Experimental conditions
Time limit
30 seconds
30 seconds
5 seconds

Effort
High effort
Low effort
Low effort (5s)

Noise
High noise
Low noise
Low noise (5s)

Results and discussion. All predictions were supported. Message length (i.e.,
the number of cells sent) was greater than necessary in all conditions and varied
according to noise and effort levels, remaining constant in the Low effort and Low
noise conditions, and declining over time in the High effort and noise conditions.
Per-cell click rate gave a measure of emphasis added to different line segments.
The proportion of clicks devoted to non-critical (as opposed to critical) redundancy correlated positively with overall click rate (r = 0.29, p < 0.001), but the
correlation was stronger (r = 0.56) in the High effort and High noise conditions,
where there was greater pressure on participants. The distribution of effort took
noise into account, with critical redundancy higher when noise was higher (β =
58.57, SE = 7.56, t = 7.75, p < 0.001). Overall mean accuracy was 97%, and
did not differ significantly between conditions, with one exception: It was lower
in the Low noise (5s) condition (β = −0.07, SE = 0.02, t = −2.81, p < 0.01),
likely due to participants’ underestimating noise.
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Our results lend support to the information-theoretic account and suggest
how focus systems in language might arise. This experiment focused on strategies emerging in one generation; it is likely that these become grammaticalized
through transmission between generations. In further experimental work, we plan
to investigate this using an iterated learning approach (Kirby, Griffiths, & Smith,
2014).
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