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Online peer production networks — networks that create artifacts like Wikipedia — are increasingly
important for society. But they are strangely organized: They are notable for the absence of the
explicit hierarchical command structures and functionally organized departments frequently seen in
companies (Benkler, Shaw, & Hill, 2015). Researchers and practitioners alike are concerned about
peer production’s sustainability (Suh, Convertino, Chi, & Pirolli, 2009), and as a result want to
understand it better (Butler, Joyce, & Pike, 2008; Geiger & Halfaker, 2013; Halfaker, Kittur, & Ried]l,
2011; Panciera, Halfaker, & Terveen, 2009).

Recent studies of open source and peer production networks have noted that coordination in such
networks can be explained at least in part by stigmergy (Bolici, Howison, & Crowston, 2016). The
term stigmergy, coined by a researcher investigating the coordinated work of social insects (Grassé,
1960), refers to a process in which the traces of work become conditions or signals that generate more
work. Social insect colonies operate without hierarchy or central control, yet groups of workers
manage to build nests, collect food, raise brood, engage in defense, and to coordinate all of these
activities in response to changing environmental conditions. Peer production is described as being
stigmergic because coordination often happens not through explicit planning conversations, but
through interactions triggered by previous interactions, all centered on the primary technical artifact,
some form of text or source code (Bolici et al., 2016). Figure 1 shows traces of ant paths, on the left,
and traces of peer production activity on the right (Han & Nickerson, 2015).

peer production.

Many studies have pointed out the potential application of stigmergy to human coordination (Blincoe
& Damian, 2015; Cimino, Lazzeri, & Vaglini, 2015; Dorigo, Bonabeau, & Theraulaz, 2000; Elliott,
2016; Heylighen, 2016a, 2016b; Lewis & Marsh, 2016; Parunak, 2005; Robles, Merelo, & Gonzalez-
Barahona, 2005; Susi, 2016). But to the best of our knowledge few if any of these past studies have
involved biologists. This previous work might be extended and possibly transformed by applying the
general theories and methods from mathematical biology that take the form of dynamic models
(Ellner & Guckenheimer, 2006), as well as the specific dynamic models of the regulation of group
activities by social insects (Gordon, 2002; Prabhakar, Dektar, & Gordon, 2012).

! This material is based upon work supported by the National Science Foundation under grants IIS-1422066,
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In the field of biology, some studies of stigmergy have focused on chemical communication in social
insects. Social insects provide a system in which to investigate peer production. For example, ant
colonies coordinate their work using interactions based on chemical cues. Ants smell with their
antennae and in the course of a brief antennal contact, one ant can assess whether another is a
nestmate, using the chemical profile of cuticular hydrocarbons on the other's body (Greene and
Gordon 2003). Another form of chemical communication involves the detection of a chemical deposited
on the substrate by another ant. This is a brief interaction with a time lag, since pheromones are
volatile and disappear quickly. Each ant responds to the rate at which it meets other ants, or the
amount of pheromone recently deposited by other ants, reflecting the rate at which other ants were at
that location. In the aggregate, individual responses to the rate or recent pattern of such interactions
produce the coordinated activity of colonies (Gordon, 2010).

Over more than 130 million years of evolution, ants have evolved diverse algorithms that regulate
their work (Gordon, 2014, 2015). Such social algorithms may be analogous to processes at work,
unrecognized, in human behavior. Once recognized, they might be improved. Furthermore, if some of
these forms of coordination are not already at work in humans, they may suggest novel techniques for
distributed coordination. In other words, social insects have over many years evolved sophisticated
task allocation algorithms. Biologists have found ways of modeling the dynamics of these algorithms
(Davidson et al. 2016; Gordon & Mehdiabadi, 1999), and both the models and the algorithms they
depict may advance our understanding of peer production and lead to new techniques.

There is a need for new techniques. Studies of Wikipedia have shown that the growth rate of new
articles has slowed (Suh et al., 2009). This is understandable; Wikipedia has been estimated to have
involved more than 40,000,000 labor hours of effort as of 2013 (Geiger & Halfaker, 2013). But
scientific knowledge appears to grow exponentially (He & Zhang, 2009), and so this slowdown in
Wikipedia new article growth is concerning. Do we have examples of coordinated behavior in networks
much larger than Wikipedia? In the animal world, some ant colonies have been estimated to contain
more than 300,000,000 ants. Each large nest is the result of a number of labor hours orders of
magnitude greater than our largest peer production project to date. While there may be limits to
growth of an online encyclopedia, we don’t know for sure if the slowdown in article growth is
inevitable, or can be reversed through alternative forms of coordination. For example, simple shifts in
coordination might reverse the current trend toward editing talk pages instead of articles. While
many strong efforts have been made to increase skills and productivity on Wikipedia (Farzan &
Kraut, 2013), and some patterns are emerging (Warncke-Wang, Ayukaev, Hecht, & Terveen, 2015),
we still don’t have a clear path to faster article growth. Moreover, since peer production is used on
other large scale endeavors like the construction of software systems (Linux, Apache) and the design
of physical objects (Thingiverse), designers of peer production systems would like to find ways of
overcoming the current barriers to growth. In sum, the proposed work applies knowledge about
coordination gained in biology to better understand, and to improve, coordination in peer production.

What are the temporal characteristics of Wikipedia edits? They exhibit burstiness (Goh and Barabasi
2008). This burstiness occurs at both the individual and group level; indeed, many articles are
characterized by high editor concentration, meaning a few editors are responsible for most of the edits.
Figure 2 shows a time series of edits and breaks it down by editor.
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Figure 2. Edits of a featured article (NeXT) in Wikipedia between 2001 to 2017. The first row shows all edits, and the following
rows decompose these into the edits by the five most prolific editors.

The analysis of this and other articles suggests that editing happens in bursts. Some of this burstiness
may reflect the editing pattern of the most prolific editor, as in the second row of Figure 2. The editors
do build on each other’s work, as can be seen in the subsequent rows. Editor 2 builds on editor 1’s
work. Editor 3, the originator of the article, comes back to make changes after editors 1 and 2 have
made substantial progress.

Burstiness may be a signal that attracts further coordination as well as a manifestation of past
coordination. Just as frequency is used to coordinate ant behavior, it may also be used to coordinate
human behavior. The techniques of mathematical biology may be applied to better understand such
behavior.

Many studies of peer production have used models such as preferential attachment to explain the
ways community members gravitate toward certain activities. Models such as preferential
attachment, however, forecast unbounded growth. These models oversimplify the complexity of self-
assignment of tasks. Models from mathematical biology may be useful, because in biology growth is
often limited by competition and changes in the environment. Through evolution, animals have
learned how to react to such changes. In particular, social insects have evolved algorithms for
coordination. Because of this, dynamic models of task allocation of social insects might provide an
alternative framework for studying coordination in peer production.
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