
C O L L E C T I V E  B E H AV I O U R

When it pays to share decisions 
Theory suggests that the accuracy of a decision often increases with the number of decision makers, a phenomenon 
exploited by betting agents, Internet search engines and stock markets. Fish also use this ‘wisdom of the crowd’ effect.

L A R I S S A  C O N R A D T

Having trouble making a decision? The 
reason is that you’re probably not sure 
which is the best option. You seldom 

have perfect information, so might make a 
bad choice. Sharing decisions with others can 
help, because several decision makers can pool 
their information, and also eliminate individ-
ual errors1. Consequently, the risk of making 
a mistake and settling on a bad option often 
decreases with the number of decision makers. 
For example, in court cases, juries consisting 
of several people are supposed to make cor-
rect decisions more often than can a single 
judge2. In humans, there are numerous exam-
ples of this phenomenon. In social animals, 
the same principle should apply, but empirical  
demonstrations are rare.

Writing in Proceedings of the National Acad-
emy of Sciences, Ward et al.3 now show that 
larger shoals of fish not only make more-accu-
rate decisions than do smaller shoals or single 
fish, but also make these decisions faster. In 
an elegantly designed experiment, combined 

with theoretical modelling, the authors gave 
mosquitofish, Gambusia holbrooki, a choice 
between a predator-free route and one that led 
past a predator model. A fish was more likely 
to make a correct choice (to avoid the predator 
model) the larger the shoal in which it swam. 
The size of this increase in accuracy was in 
close agreement with theoretical predictions. 
The effect did not arise because large shoals 
were more likely to contain one particularly 
clever ‘expert’ fish, which guided the others. 
In fact, individual fish did not differ much in 
their ability to make correct decisions and, 
moreover, were not even good at it. Thus, the 
authors have demonstrated a genuine ‘wisdom 
of the crowd’ (or, in biological terms, ‘many 
eyes’) effect4 (Fig. 1). 

The increase in decision speed with shoal 
size is especially noteworthy, for two reasons. 
First, we typically expect a trade-off between 
decision accuracy and speed, so that decision 
speed decreases with increasing accuracy and 
vice versa5. This is because more-accurate 
decisions usually require more information, 
and information gathering takes time (but see 

also ref. 6). Second, we expect decision speed 
to decrease with the number of decision mak-
ers, because sharing decisions requires com-
munication between decision makers and it 
seems plausible that this will also take time. 
Nevertheless, Ward and colleagues3 found that 
both decision speed and decision accuracy 
increased with the number of decision makers  
(that is, the number of fish in the shoal). 

The reason that larger shoals managed to 
make not only more accurate but also faster 
decisions probably lies in the way information 
is communicated. Fish in shoals often move in 
a self-organized manner, whereby individuals 
react rapidly to the movements of close neigh-
bours7. Indeed, Ward et al. present convinc-
ing evidence that such a reaction to spatially 
close companions has a crucial role in the 
mosquitofish choice of route — pairs of fish 
within less than 6 centimetres of each other 
reacted very fast to each other’s movement 
changes; and a fish’s choice of route depended 
significantly on the average choice of close 
companions. 

This simultaneous, self-organized system of 

Figure 1 | Many eyes — a shoal of blue-striped snapper.
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‘communication’ has two important features. 
One is that the speed with which information 
is exchanged is high and hardly decreases with 
the number of fish in the shoal. The other is 
that communication is decentralized: that is, 
information transfer can start from any shoal 
member7. This means that overall decision 
speed depends crucially on the fastest deci-
sion maker(s) within the shoal. For stochastic 
reasons, a large shoal is more likely than a small 
one to contain a fish that, by chance, detects a 
predator relatively quickly, even if the fish do 
not differ in ‘expertise’. 

In short, the higher likelihood of a shoal 
containing a fast decision maker, coupled 
with swift, decentralized information transfer, 
could explain the increase in decision speed 
with shoal size. However, such fast decision 
making usually also involves a cost, namely 
that of an increased risk of false positives2. That 
is, if the fastest decision maker made a mistake 
(and ‘detected’ a predator that did not exist), 
this mistake could also be amplified1, and 
the group might stage a costly ‘escape’ when 
none was necessary. The experiments of Ward 
and colleagues3 did not allow for such a situa-
tion — there was always one predator model 
present, and fish could either avoid it (true 
positive) or not (false negative). It remains to 
be seen whether accuracy and speed of deci-
sion making still increase together if fish are 
faced with a situation in which false positives  
are possible.  

Fast and accurate decision making is highly 
desirable in many walks of life, for humans as 
well as animals. Ward and colleagues’ study 
shows that it can be achieved by sharing deci-
sions widely and using a self-organized system 
of communication. This is, of course, exactly 
the strategy that has long been exploited by 
Internet search engines, and in this sense the 
mosquito fish of Ward and co-workers’ experi-
ments are not that dissimilar from Google. 

However, there are three caveats about the 
benefits of decision sharing. First, if the abili-
ties of potential decision makers vary widely, 
it might still be better to listen to one ‘expert’2. 
Second, there is the danger of information  
cascades, whereby decision makers no longer 
contribute independent information but 
instead amplify shared misconceptions1. 
Finally, in many decisions, the goals of indi-
vidual decision makers differ: that is, different 
members of the decision-making group favour 
different outcomes. In such a context, the shar-
ing of decisions can have disadvantages as well 
as advantages8. Although sharing might still 
increase the available information, it can also 
hand influence on the outcome to decision 
makers whose goals differ from your own. To 
date, surprisingly little is known about good 
decision-making strategies in these kinds of 
conflict situations. ■
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AT O M I C  P H Y S I C S

Atoms playing dress-up
The idea of using ultracold atoms to simulate the behaviour of electrons in new 
kinds of quantum systems — from topological insulators to exotic superfluids and 
superconductors — is a step closer to becoming a reality. See Letter p.83

M I C H A E L  C H A P M A N  &  C A R L O S  S Á  D E  M E L O

During the past decade or so, physi-
cists have been trying to implement 
one of the last of Richard Feynman’s 

ingenious ideas. This was to build a ‘quantum 
scale model’1, using controllable quantum par-
ticles, to simulate the workings of otherwise 
intractable quantum systems and to investigate 
thorny problems in condensed-matter physics. 
On page 83 of this issue, Lin and colleagues2 
inch closer to building a new kind of quantum 
simulator using cold gases of atoms.

At less than one-millionth of a degree above 
absolute zero, cold atomic gases are extremely 
versatile and can be controlled with great 
precision. They can be composed of bosons  
(particles with integer spin) or fermions (par-
ticles with half-integer spin). And, just like 
electron gases, they can be confined in a  
variety of environments, including crystalline 
lattices and disordered media. Furthermore, 
the mutual interactions between the atoms of 
a gas can be controlled, by modifying atomic 
collisions, to mimic real, solid-state systems. 
Using these tools, researchers have been able 
to reproduce the essential quantum physics of 
several canonical condensed-matter systems, 
including superfluids, in which particles (elec-
trons or atoms) move without resistance, and 
insulators, in which particles are pinned to an 
underlying lattice structure.

However, exploring some of the remain-
ing uncharted territory in condensed-matter 
physics using cold atomic gases will require 
additional tools. One of the things missing 
from the toolbox had been the ability to mimic 
the effects of magnetic fields on the electron’s 
charge — a challenge because atoms are neu-
tral. These effects are central to many exotic 
phenomena, including the quantum Hall effect 
and superconductivity. In an earlier study, Lin 
and colleagues demonstrated3,4 a solution: 
they generated a fictitious magnetic field in an 
atomic system, using tailored beams of light. 

Now, the same group2 adds a new tool to the 
toolbox by creating artificial ‘spin–orbit cou-
pling’ in a neutral atomic system. But in order 
to understand the significance of this experi-
mental achievement, let us take a step back and 
understand the concept of spin–orbit coupling.

In addition to their electronic charge, elec-
trons (like all fundamental particles) have an 
intrinsic spin. Loosely, we can think of the 
electron as spinning about an axis through its 
centre, with the spinning giving it a magnetic 
character similar to that of a tiny bar magnet. 
Atoms, being composed of fundamental par-
ticles, also have an intrinsic spin. But how does 
the spin of particles interact with their orbital 
motion?

The interaction of an object’s spin with 
its orbit (spin–orbit coupling) is ubiquitous 
in both the microscopic and macroscopic 
worlds. One example is the synchronization 
of the rotation (spinning) of the Moon and 
its orbit around Earth, which means that we 
can only see one face of the Moon. Another 
example is the motion of electrons orbiting 
an atom’s nucleus: the motion is altered by 
the spin of the electrons owing to the electric 
field of the nucleus, and this gives rise to the 
atom’s fine structure (small shifts in its energy 
levels). Similar effects occur in free electrons 
moving through electric fields in solids, for 
example the fields generated by the underlying  
crystalline lattice.

It is hoped that quantum simulators based 
on atomic gases will illuminate the physics 
of electron systems. But it is first necessary 
to devise a technique to make neutral atoms 
mimic the interaction of the spin of moving 
electrons with electric fields, and so engineer 
spin–orbit coupling (Fig. 1). Building on a 
recent theoretical suggestion5 of how this 
might be accomplished, Lin et al.2 were able 
to create experimentally an artificial coupling 
between the spin of rubidium (87Rb) gas atoms 
(bosons of spin 1) and their centre-of-mass 
motion. To achieve the coupling, the authors 
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