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Wikipedia demonstrates collective dynamics through the collaborative way in which 
multiple authors collectively write and edit articles.  Understanding this system is interesting in 
its own right from a social sciences and educational point of view, and may also offer insights 
into more general understandings of collective dynamics that arise through social interactions. 
We are interested in understanding the interactions that take place as authors iteratively write 
and improve Wikipedia articles to characterise the development process and gain 
understanding of how articles of general and pedagogical quality articles arise.  With this in 
mind, we consider a possible models drawn from the biological literature that can be used as 
analogies: biological evolution.  We explain the mapping between the model and Wikipedia 
and evaluate whether it represents and appropriate structure.  We consider the questions that 
remain before the model can be fully operationalised. 

1   Introduction 
Encyclopedias have traditionally been written according to a hierarchical authorship 
paradigm whereby a fairly limited number of content experts are selected as article 
authors [Emigh 2005].  These articles are then subjected to "disciplined editorial 
review" by a small number of expert editors.  More recently, tools such as wikis have 



 
 

 

facilitated a collaborative authorship process that blurs the distinctions between 
author and editor, and allows the involvement of much larger numbers of 
collaborators in developing written materials [Emigh 2005].  Wikipedia is one 
example of a system that allows any number of people to freely add, modify and 
delete information online. 

Within my own area, education and the Learning Sciences, I am particularly 
interested in how consensus arises concerning the pedagogic quality of articles, 
something not explicitly mentioned in Wikipedia guidelines.  My colleagues and I 
would like to be able to characterise and model the development process of articles in 
a way that differentiates between those that are weak and strong more generally, but 
also from a pedagogical standpoint.  For example, can we characterise weak and 
strong articles by looking at the types of edits over the lifetime of the article, and can 
this balance be used to predict the long-term outcome of the article, or to signal a 
need for intervention for improvement?  Ultimately, we would like to begin to answer 
questions such as how the balance of different types of edits changes over the lifetime 
of an article, and whether the patterns differ between pedagogically weak and strong 
articles. 

As a first stage in this process, we wish to understand the interactions that take 
place between Wikipedia editors through the editing process.  This article presents 
and evaluates a biological model that may help us to address some of these questions. 

2   Background 
The collaborative process in Wikipedia and other Wikimedia projects means that 
although contributors can potentially produce full versions of articles, usually the 
information comes about through the interaction of numerous contributors.  Even 
where the first version of an article is supplied by a single individual, this is subject to 
change.  As a result, the information embodied in Wikipedia is the result not of 
individual knowledge or intelligence, but that of the collective.  This collective 
intelligence is emergent, in that it is a complex phenomenon that is not reducible to 
any individual, and that arises out of relatively simple interactions. 

The processes associated with collective dynamics such as collective intelligence 
and collective authorship lead to important questions within the social sciences that 
are only beginning to be explored [Epstein 1996].  One example is in understanding 
the emergence of group agreement on social structures such as beliefs that dictate 
cultural practice and similar questions can be asked within the more restricted domain 
of Wikipedia.  Because Wikipedia automatically records and makes publicly 
available each edit made and the interactions between editors on discussion pages, it 
makes an ideal test bed for the development of theories of collective dynamics.  For 
example, how can we best characterise the mechanisms that lead to consensus on 
article content, structure or quality?   

Viégas [2004, 2007] and Stvilia [2005] analyse article histories and discussion 
pages, noting a number of patterns that emerged from their data.  For example, 
Viégas and colleagues found that discussion pages are used both to gain agreement 
on more controversial changes, but also to resolve disagreement, often through citing 
Wikipedia guidelines.  They also noted more inserts and deletes than cases of text 



 

 

rearrangement [Viégas 2004].  Stvilia and colleagues suggest that since editors can 
immediately remove content of which they do not approve, Wikipedia authors are 
highly interdependent and are obliged to resolve conflictual situations.  They claimed 
that consensus was obligatory for articles to be nominated by the community for 
Featured Article status (see http://en.wikipedia.org/wiki/Wikipedia:Featured_articles) 
and found that the discussion pages of those articles having achieved this quality 
status were correspondingly more developed than those in a random set (it is not clear 
that these sets were comparable on other measures such as article length, total 
number of edits or time since creation).  Although Viégas [2004] suggested that the 
initial author of an article 'sets the tone', Emigh [2005] found considerable 
homogeneity of style amongst Wikipedia articles, and that they tended towards other 
established encyclopedias, suggesting consensus on this dimension of quality. 

3   Understanding Wikipedia Article Development 
In theory-building, we can begin with a grounded approach whereby we allow the 
theory to emerge from the data.  Alternatively, we can build on the work of others by 
leveraging existing models as metaphors.  If an appropriate metaphor can be found, 
the latter strategy provides immediate structure to allow us to begin analysis much 
more quickly.  Although this approach could be considered restrictive, it does not 
prevent us from refining the chosen model at a later stage. 

Because we are interested in tracking the development of Wikipedia articles 
develop over time, it is natural to consider models that describe iterative processes 
that lead to increasing complexity.  One model that fits these criteria is biological 
evolution.  It is fitting, too, that biological evolution is considered to be complex 
processes, since Wikipedia has similarly been shown to demonstrate a number of the 
hallmarks of complex systems [Voss 2005]. The following sections present biological 
evolution and evaluates it as a potential metaphor for article development in 
Wikipedia. 

4   Biological Evolution 
When biological evolution was first described in detail by Darwin [1859], the 
explanation was limited to the observable characteristics, or phenotype, of the 
organisms involved.  The development of genetics has deepened our understanding of 
evolution, and we are now able to link observable changes to changes in the 
underlying genetic systems, or genotype, that encode for these characteristics.  Our 
current understanding of evolution therefore relies on mechanisms acting on 
structures at a variety of levels.  In order to better understand the processes, it is 
useful to first understand how the structures at different levels interact. 

At the microscopic level, information is encoded as genes, made up of 
arrangements of the nucleotides adenine, thymine, guanine and cytosine.  These base 
nucleotides are attached to long chains or polymers which in living cells are usually 
present as two paired molecules.  The pair of molecules are bonded to one another by 
links between the nucleotides: adenine bonds to thymine, and guanine to cytosine (A-
T, G-C).  The resulting structure, DNA, then organises into the familiar double helix 



 
 

 

formation.  Strands of DNA in turn make up chromosomes which together form the 
genome containing the full genetic information of the cell. This genetic material 
encodes for heritable macroscopic traits [Purves 1998]. 

 

 

Figure. 1:  Chromosomes and DNA within the cell  
 
Evolution results from changes in genetic material and the way this new genetic 
material is distributed within the population.  Changes in genetic material present in 
the population can occur via a variety of mechanisms.  Some of these are limited to or 
more common in certain species, such as horizontal gene transfer, a common process 
in bacteria where genetic information is transferred to an organism that is not its 
offspring.  Other mechanisms require the interaction of more than one population, 
such as gene flow, which occurs because of migration between populations, and 
hybridisation, common in some bird species and many plants.  Finally, in all 
populations, genetic information is affected by genetic mutation and recombination.  
Genetic mutation, caused by factors such as copying errors, radiation or viruses, 
involves changes to the base pair sequence of genetic material [Purves 1998].  
Mutations can vary in their scope and according to whether they are additions or 
deletions of genetic material [Slack 2001].  Recombination occurs during sexual 
reproduction, and refers to the way in which genes are 'shuffled' between DNA 
molecules during gamete (sex cell) formation. 

The frequency of this new or altered genetic material within a population is 
affected by gene flow (migration between populations), genetic drift (random 
accumulation or loss of genetic material), and natural selection.  Natural selection 
occurs when certain individuals possess genetic information that encodes for traits 
leading to better survival or reproductive success, and as this genetic information is 
preferentially passed on to future generations, its frequency in the population 
increases.  Whilst mutation and recombination act on the genome, and the effects on 
the phenotype are therefore indirect, natural selection acts directly on the phenotype. 

To use biological evolution as a metaphor for the processes that occur in the 
development of Wikipedia articles, we need to establish the precise correspondence 
between the two.  As mentioned earlier, in investigating Wikipedia, we are interested 



 

 

in exploring the links between textual changes, and the changes in ideas and meaning 
that result from them.  For this reason, biological metaphors are particularly 
interesting, since parallels can be drawn at both the levels.  At the level of coding, we 
have similarities between the text and the genome; at the level of meaning, we can 
compare the ideas conveyed by the text and the organism's phenotype. 

Perhaps the most obvious way to match Wikipedia and evolution is to consider 
each Wikipedia article as an individual within the population of Wikipedia.  
However, since evolution acts on a population and not any particular individual, this 
would allow us to study the evolution of Wikipedia as a whole, but not of any 
particular article.  As a result we consider that a particular article represents a 
population.  The population consists of 'units of information' (meaning) at the 
phenotype level, encoded in the text such that the text corresponding to a unit of 
information represents its genome.  Finally, words represent individual genes.  The 
tables below develop the comparison between biological structures and Wikipedia at 
the phenotypic and genetic levels, concentrating on the most widespread 
mechanisms. 
 
Phenotype level 
Biological Evolution Wikipedia 

The population The article 

Individual organisms within the population Units of information within the article 

Natural selection 
Competing individuals in the population have 
a greater or lesser chance of passing on their 
genetic material to the next generation 
according to whether their genetic make-up 
leads to characteristics that favour survival 
and reproduction (i.e. fit). 

Natural selection 
Competing units of information within an 
article either survive to later generations or 
are eliminated.  Pervasiveness depends on a 
number of characteristics such as relevance, 
centrality to topic, clarity, fit with the 
encyclopaedic genre, etc. 

Phenotypic effects of mutation 
Genetic mutation can lead to new phenotypic 
characteristics.  At the phenotypic level, 
mutations lead to loss of function, gain of 
function, or function replacement. 

Changes in information units due to edits 
Text edits (mutations) can lead to the 
introduction of new units of information, loss 
of units of information or information 
transformation. 

Effects of recombination 
Genetic recombination leads to differential 
inheritance of genetic material and hence 
phenotypic characteristics amongst offspring. 

Effects of text reshuffling 
Text and information is shuffled between 
information units during the edit 

 
Genotype Level 
Biological systems Wikipedia 

The genome Text associated with an information unit 

Genes on the genome Words that make up the information unit 

Sections of genetic material that do not carry 
genetic information (‘silent sequences’) 

Words that do not carry content information 
(e.g. grammatical words) 

Different types of genetic mutation and Different types of edits that are performed on 



 
 

 

mechanisms to introduce variation an article 

Small-scale mutations 
- point mutations (single nucleotide affected) 
- insertions (single nucleotide or short string 
of nucleotides) 
- deletions (single nucleotide or short string 
of nucleotides) 

Small-scale edits: 
- one-word edits (such as changes of spelling, 
grammar) 
- insertions (small number of words inserted) 
- deletions (small number of words deleted) 

Large-scale mutations 
- Amplifications (genetic duplication) 
 
- Deletions (large-scale deletions) 
- Chromosomic transformations that 
juxtaposei genetic material that was separated 
- Loss of heterozygosity 

Large-scale mutations 
- Amplifications (duplication of text that 
describes an information unit) 
- Deletion of large sections of text 
- Edits whereby position of text within the 
article is altered. 
- No easily identifiable equivalent 

DNA repair 
Cell identifies and corrects damage to the 
DNA molecules 

Revert actions 
Use of 'Bots' and 'watch' function to identify 
bad edits, followed by revert actions 

Gene flow 
New genetic material enters the population 
via migrations from other populations 

Article transfer 
New (complete) information units enter the 
article by transfer from other articles. 

Genetic drift 
Random accumulation of genetic information 
within a population 

Accumulating bias 
‘Random’ tendency to bias that increases 
over a number of edits 

5   Critique of the metaphor 
Despite some good correspondence between biological evolution and article 
development within Wikipedia, there are nonetheless problems with the analogy, 
some of which are theoretical, and linked to the underlying assumptions of biological 
evolution.  Others more minor points are concerned with the level of granularity to 
which the analogy should be adhered to, and ways in which to operationalise the 
metaphor in the context of Wikipedia. 

One of the underlying assumptions of most models of biological evolution is that 
mutations are random with respect to function, so are not directed in any way to be 
adaptive.  However, within Wikipedia, edits appear to be goal-directed since editors 
have some idea of the direction that evolution of the article should take when 
carrying out edits.  More recently, biologists have suggested that our growing 
understanding of mutation indicates that non-random mutation is common [Bolsover 
1997: 128-130) and that evolutionary processes may be goal-directed to some extent 
[Caporale 2004].  The same cricitism of goal-directeness is also one that can be made 
of memetics where memes are cultural units passed on from one person to another 
[Dawkins 1976], and modelled by analogy with biological evolution.  Consideration 
of this issue will be discussed in more detail elsewhere.  

A second concern that has practical implications is that of the parallel of sexual 
reproduction within Wikipedia.  What does it mean for an information unit to 
'reproduce'? 



 

 

In addition to these concerns, certain aspects of the model require clarification 
before they can be operationalised.   For example, we need to decide what it means 
for an information unit to 'fit' with its surroundings.  This could either be determined 
abstractly either using a definition of fit that uses notions such as whether the unit is 
appropriate for the encyclopedic genre, or is clearly expressed. Alternatively, fit 
could be determined by the system itself, and implied by the effects of natural 
selection upon it, perhaps by considering that any information unit that remains after 
a certain number of edits (that may depend on the current length of the article or 
frequency of edits, etc.) is considered to have good fit. 

We also need to decide on the level of granularity at which to apply the model. 
For example, is it useful to distintiguish between large and small scale mutations?  If 
so, we also need to establish how to distinguish between the two kinds of mutations, 
perhaps by setting a word limit for small scale mutations.  Another option may be to 
consider edits to be large in scale if they are discussed on the article's talk page before 
the edit takes place, since edits that are discussed are perhaps considered more 
important by the article editors themselves.  Similarly, we will explore whether 
notions such as genetic drift and hybridisation are useful in gaining better 
understanding of the research questions of interest.  For example, in biological 
systems, the importance of genetic drift compared with natural selection is higher in 
smaller populations, and it might be interesting to see whether shorter articles are 
more likely to accumulate specific characteristics and are less likely to normalise than 
longer articles, or those with a larger number of editors. 

Finally, we need to come to an agreement on the definition of an information 
unit.  We consider that an information unit should be determined not as a 'sentence', 
or other textual measure, but in terms of the ideas that it contains, in line with the 
model.  Roughly speaking, an information unit should contain a single concept.  
However, operationalising this notion remains problematic. 

6 Conclusions  
The next stage of this research concerns how to use the models to better understand 
article development processes within Wikipedia.  Using this model, we could then 
hope to investigate, for example, whether articles demonstrate the same evolutionary 
characteristics as different types of populations. For example, large populations are 
less subject to the effects of random genetic drift than small populations and the same 
may be true of Wikipedia articles, particularly if longer articles are associated with 
greater numbers of editors.  Some populations evolve in isolation whilst others 
regularly exchange genetic information with other neighbouring populations.  Some 
populations are large enough that although species that are geographically close are 
very similar, those at the extremities of the population evolve in different directions.  
Some are highly susceptible to genetic mutation (e.g. certain varieties of maize; see 
Havell, 1998), whilst others are relatively stable, and the same contrast might appear 
between articles concerning controversial subjects or current affairs, with respect to 
those that deal with, say, well-established areas of mathematics [Purves 1998, for 
biology]. 



 
 

 

As a first stage to answering questions concerned with collaborative authorship, 
we would like to be able to characterise or classify articles.  The strength of adapting 
existing models is that we can, where appropriate, also use existing characterisations 
within these, and the language associated with them to form a basis for comparison. 
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