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1. INTRODUCTION

Division of labor has been observed with respect to both manual and cognitive labor, but there is no
clear understanding of the intra- and inter-individual mechanisms allowing for its emergence, espe-
cially when there are multiple divisions possible and communication is limited. Situations fitting this
description include individuals splitting a geographical region for resource harvesting without explicit
negotiation, or a couple tacitly negotiating the hour of the day for each to shower so that there is
sufficient hot water for both. We studied this phenomenon by means of an iterated two-person game
where different divisions are possible, but no explicit communication is allowed. Our results suggest
that biases toward a priori divisions are revealed and consolidated through dyadic interaction.

2. COOPERATION AND BOUNDED RATIONALITY

An individual can often benefit from participating in a group when (s)he can perform just one compo-
nent of the group’s task while other individuals take care of other parts. When the other individuals
also benefit from this arrangement, we speak of an efficient division of labor. For example, two room-
mates can choose between (a) preparing their lunch for themselves every day, and (b) dividing the days
of the week on which one prepares lunch for two. In the latter case, both roommates benefit from not
having to cook every day.

What are the cognitive mechanisms that facilitate the self-organized division of labor? One possibil-
ity is that it arises from the principle of maximization of expected utility. In our previous example of
the two roommates, successful division of the days of the week might be said to arise because it consti-
tutes a Nash equilibrium, that is, a combination of choices in which no roommate can obtain a higher
payoff by changing only their choice—fixing the other roommate’s choice [Ross 2018]. However, as it
turns out, maximization of expected utility is not sufficient to explain why roommates act in accord
with one particular Nash equilibrium rather than another [Arthur 1994; Colman 2003]. Some scholars
have suggested that games with multiple Nash equilibria are not solved on the basis of maximization
of expected utility, but rather by means of rough-and-ready rules of thumb based on limited knowledge
and time. This approach is known as ‘bounded rationality’ to emphasize that people frequently have
memory, attentional, and calculation limitations that prevent them from employing perfectly rational
strategies [Holbrook 2002; Simon 1957]. It could be claimed, returning to our roommates example, that
the division of labor according to which Roommate A prepares lunch only on weekdays and Roommate
B only prepares lunch on the weekend is achieved because they have insufficient time to think of a
different division, or because this division is the most natural for both of them, even though there are
many other possible divisions. This is an example of the focal point approach, according to which the
set of all possible Nash equilibria is reduced to just a single point that is psychologically salient for
all players [Mehta et al. 1994; Schelling 1960]. Another possible proposal is that individuals possess a
small set of simple strategies that they can apply in their search for a division. For example, they may
stick to one strategy for as long as it provides acceptable results, and when it fails, they swap it for
another in their strategy set (a win-stay, lose-shift heuristic). There are cooperative scenarios, such as
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Fig. 1. The experimental task. On half of the trials, a unicorn is randomly placed in a grid, and on the other half there is no
unicorn. Both members of an interacting dyad are given the task of trying to guess correctly whether a unicorn is present or
absent. The left panel shows the grid as displayed to each human player. By uncovering a tile, an individual knows whether
it is empty or contains the unicorn. Such information is private for the player. Tiles uncovered by both players have a blue
background and both can immediately see this coloration. They also have access to each other’s guesses. The yellow column on
the right decreases as the number of overlapping tiles increases. The round ends when both players submit their final decision
as to whether they believe a unicorn is present or not. In the right panel we show the screen displaying the score and the score
history over the last 20 rounds.

the famous El Farol problem [Arthur 1994], in which this heuristic works well. Another strategy could
be to adapt one’s own reactivity to the task based on how much the whole group is contributing. Indeed,
as pointed out by [Roberts and Goldstone 2011], there may be situations in which an individual helps
the collective effort by refraining from acting or reducing their activity, allowing the other players to
dominate the task.

3. RESULTS

Our main interest was to increase our understanding about the intra- and inter-personal processes
facilitating the emergence of the division of labor. We studied this phenomenon by means of an iterative
two-person game where multiple divisions are possible, but no explicit communication is allowed (see
Figure 1). For each dyad participating in our experimental task we created a figure displaying two
grids, one for each player, in which we magnitude-coded each tile according to the number of times the
player selected it through 60 rounds of the experiment in such a way that the darker the tile, the more
times it was selected. Figure 2 shows the types of regions that were obtained. There were only four
stable, successful pairs of complementary regions in the grid: the Left-Right, Top-Bottom, All-Nothing,
and Inside-Outside splits. We call them the focal splits.

Our results show that an efficient division of labor does not emerge on the first round, and that
the iterated nature of our task facilitates its emergence. But how did the division of labor emerge? Our
data provided support for the hypothesis that players employed, in part, a win-stay, lose-shift heuristic
(WSLS): If a player’s score is relatively high, which often occurs when the dyad splits the grid into
complementary regions, they tend to re-select their previously selected tiles; but if their score is low,
they are more likely to shift to different tiles. However, WSLS did not account for all the characteristics
of the dyadic interaction. One mechanism that can account for many players’ shifts in selected tiles
is based on a measure of the similarity between a focal region (that is, one half of a focal split) and
the overlapping tiles. If one player’s selected tiles are sufficiently close to a focal region, then this can
be used as a signal for the other player to select the corresponding, complementary region. The power
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Fig. 2. Examples of the seven types of divisions of the grid that were empirically observed. Each panel shows two grids, one for
each player, with the regions uncovered through 60 rounds. The darker the tile, the more rounds the player uncovered it.

that a focal region has to retain and attract the player’s attention informs a decision process that we
call the Focal Regions as Attractors heuristic (FRA).

4. COMPUTER MODELS AND SIMULATIONS

We tested these two explanations by building a computational model instantiating each heuristic.
Each model defines a probability function which determines the likelihood of a player choosing each
region. Using maximization of log likelihood of the multinomial distribution of the observed transition
frequencies and the respective predicted probabilities given by the model, we found the optimal pa-
rameters, the deviance and the AIC of the two models, obtaining strong support in favor of FRA, even
taking into account this model’s extra complexity as introduced by its extra parameters. Moreover, for
each model, we ran 100 simulations of 60 rounds of the game, obtaining two collections of simulated
data. Our results show that WSLS predicts a less efficient division of labor than exhibited by people,
whereas FRA and people show a comparable degree of division of labor.

5. DISCUSSION

The results from our experiment and our computational models allow us to explain how most dyads
managed to split the grid without being able to engage in explicit negotiations. First, dyads split the
grid only in four different ways; these splits are focal points because they have a certain psycholog-
ical salience [Schelling 1960]. However, players do not generally start with strategies that resemble
focal points. It is only through repeated interactions that players manifest their a priori predispo-
sitions/biases toward certain focal points. In other words, a priori biases on salient divisions do not
entail that the biases are manifest at the onset of play. It is only through dyadic interaction that these
biases are revealed [Kaush ML et al. 2007]. We conclude that interacting individuals, both human
and algorithmic, can often arrive at efficient coordinating solutions in a paradigm that incorporates
two challenging conditions: Individuals cannot explicitly communicate, and there are multiple coordi-
nating solutions that are initially equally salient. The human and computational results indicate that
agents solve this coordination task by beginning with a set of mutually incompatible focal points. Then,
via iterated interactions they adjust their behaviors to move toward focal points when they are not at
a focal point, stay in a focal point once reached, and shift to a complementary focal point relative to the
other player when that other player is close to a focal point. In this way, the coordination that a group
forms results from the interplay over time between their a priori cognitive biases and the dynamics of
their interpersonal interaction [Hawkins et al. 2019].
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