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Glossary

Culture: theattitudes, bdiefs, and behaviors tha, for a certain group, definether genera
way of life and tha they have taken over from others.

Cultural evolution: the development of culture over time, as conceptudized throughthe
mechanisms of variation and natural selection of cultural elements

Replicator: an information patern tha is able to make copies of itself, typically with the
hdp of another system. Examples are genes, memes, and (computer) viruses.

Meme: acultural replicator; aunit of imitation or communication.

Memeplex (or meme complex): a collection of mutudly suppoting memes, which tend
to replicate together

Memetics: the theoretical and empirical science tha studies the replication, spread and
evolution of memes



Fitness: the overall success rate of areplicator, as deermined by its degree of adagptation
to its environment, and the three requirements of longevity, fecundity and copying
fiddity.

Longevity: theduration that an individud replicator survives.

Fecundity: the speed of reprodudion of a replicator, as measured by the numbe of
copies made per time unit

Copying-fidelity: the degree to which areplicator is accurately reproduced.

Vertical transmission: tranamission of traits (memes or genes) from parents to offspring
Horizontal transmission: trangmission of traits beween individuds of the same
generation

Memotype: a memein theform of information hdd in an individud @ memory.
Mediotype: a meme as expressed in an externd medium, such as a text, an artefact, a
song,or abehavior.

Sociotype: the group or community of individuds who hold a paticular meme in their
memory.

Definition

Cultural traits are trangmitted from peason to person, similarly to genes or viruses.

Cultural evolution therefore can be undestood through the same basic mechanisms of

reprodudion, spread, variation, and naural selection tha undelie biological evolution.

Thisimplies a shift from genes as units of biological informationto a new type of units of

cultura information: memes. The concept of meme can be defined as an information
patern, hdd in an individud's memory, which is capable of being copied to another

individud's memory. Memetics can then be defined as the theoretical and empirical

science that studies thereplication, spread and evolution of memes. Memes differ in thar

degree of fitness, i.e. adgptedness to the sodo-cultural environment in which they

propagae. Fitter memes will be more successful in beng communicated, Onfecting®
more individuds and thus spreading over a larger popuktion. This biologica andogy
allows usto apply Darwinian conaepts and theories to modd cultural evolution.

Introduction

Thetrangmission of cultural traitsis a process tha in many ways resembles the spread of
an infectious disease: the carrier of a certain idea, behavior or attitude directly or
indirectly communicates this idea to anothe person, who now also becomes a carrier,
ready to OnfectOfurther people. For example, after you heard your neghborwhistling a
catchy tunea couple of times, you may well start whistling it yourself, thusbeng ready
to infect some more people with the tune Similarly, after you hear your friends
recommend a new electronic tool they have bougtt, you may well buy oneyourself, and,
if youlikeit, start recommending it to those acquantances who do not know it yet. Thus
cultura traits can be seen as andogousto mind viruses (Dawkins, 1993; Brodie, 1996)
idea viruses (Godin, 2002) or HOUSHBCOMASIONS (Lynch, 1996) which are reproducd
from mind to mind via imitation or communication. A truly successful trait is one tha
gpreads like an epidemic, infecting the whole of the popuktion, in order to end up as a



stable, endemic component of tha popubtion® culture. For example, the tune may
become part of the repertoire of GevergreensOthat everyone knows, and the tool may
become as widespread as the mobile phoneor color television.

This virus metaphor is attractive in tha it suggests a new perspective and new
methods such as epidemiology (Aunge, 2002) for studying the dynamics of culture.
However, in order to turn it into a well-founde scientific theory, we need a deeper
undestanding of the undelying assumptions and implications of this andogy. For this,
we can turn to the science tha studies viruses and other self-reprodudng systems.
biology.

It is an old idea to see a correspondence between cultural and biological
evolution, with cultural entities undegoing similar processes of variation, reprodudion
and naura selection as organisms or genes. Around the end of the 18" century Western
linguists discovered the similarities between different languages. Sir William Jones gave
birth to the field of language evolution studies, more specifically in the search for the
origin of languayes, and their @ommon descentO(van Wyhe, 2005) The German linguist
Augug Schleicher attempted to recreate this common ancestor of languayes, publishing
tree-diagrams of languayes as early as 1853,six years before Darwin pulished his Origin
of Species. In an 1870article onecan aready read: (How does a new style of architecture
prevail? How, agan, does fashion change? (E) or take languayeitself (E) it istheidea
of Matural SelectionCthat was wantedO(MYler, 1870) The American philosophe and
psychologist William James (1880) pointed out in a presentation to the Harvard Natural
History Sodety tha: O\ remarkable paalel, ..., obtains between the facts of social
evolution on the one hand, and of zoSlogical evolution as expoundel by Mr. Darwin on
theother.O

By the end of the 20" century, the paralel study of cultural and biological
evolution got a new impetus with the introdudion, by Richard Dawkins (1989, first
edition 1976) of the concept of meme (for areview see (Aunge, 2004). A meme, named
in andogy with a geng is defined as a cultural replicator, i.e. an element of culture such
as atradition, bdief, idea, melody, or fashion, tha can behdd in memory and tranamitted
or copied to the memory of anothe person. The core idea of memetics is tha memes
differ in ther degree of fitness, i.e. adgptedness to the sodo-cultural environment in
which they propagae (de Jong, 1999; Heylighen, 1998) Mutations and recombinaions
of exigting ideas will produe a variety of memes tha compee with each other for the
attention of people. Fitter memes will be more successful in beng communicated,
OnfectingOmore individuds and thus spreading over a larger popuktion. The resulting
evolutionay dynamics is one of variation creating new meme variants, followed by
naural selection retaining only the ones tha are mog fit. Thus the Darwinian princple
of thesurvival of thefittest can be seen to undeflie cultura evolution as well as biological
evolution (Aunge, 2001, 2003;Durham, 1991;Lumsden & Wilson, 1987).

The memetic paspective on culture is complementary to the traditiond sodal
science perspective, which focuses on the characteristics of the individuds and groups
communicating rather than on the characteristics of theinformation being communicated.
This does notimply a"memetic redudionism”, which would deny individud control over
wha you communicate. It jug notes tha in many cases the dynamics of information
propagaion and the ensuing evolution of culture can be modded more simply from the



"meme's point of view" than by andyzing the consciousor unoongiousintentionsof the
communicating agents.

Over the past thirty years, several modds of cultural evolution have been
proposd tha study the propagaion of memes or similarly defined cultural traits (e.g.
QulturgensO (Lumsden & Wilson, 1981) or Gnnemong) (Campbdl, 1974). Mog of
thoe modds are purely theoretical, proposng various conaeptudizations implications
and speculations based on the memetic perspective (e.g. Blackmore, 2000; Denndt,
1995;Flinn & Alexande, 1982;Hull, 1982;Lake, 1998) Some studies are mathematical
in naure, applying techniques from mathematical genetics or epidemiology to
guantitatively estimate the spread of paticular types of memes within a popuktion (e.g.
Cavdli-Sforza & Feldman, 1981; Lumsden & Wilson, 1981; Boyd & Richerson, 1985;
Lynch, 1998) Othes are computationd, simulating the trangmission of knowledge or
behaviors beween software agents (e.g. Gabora, 1995; Best, 1997; Bull, Holland &
Blackmore, 2001). A few are observationd case studies, where the spread of a paticular
cultura phenomenon, such as a chan letter, an urban legend, or a soda stereotype is
investigated quditatively or quantitatively (e.g. Goodenough& Dawking 2002; Schaller
et a., 2002;Chielens 2003,Bangater & Heath, 2004).

However, in spite of these advances, the memetic perspective on culture is not
very well developed yet, and remains controversa (Aunge, 2001; Atran, 2001;
Edmonds 2002) There are severa reasons why memeticists have not yet been able to
convince thebulk of sodal and cultural scientists of the soundnes of thar approach.

Firgt, the andogy with the geng, and its embodiment as DNA, seems to indicate
tha a meme should have a clear, well-ddineated, stable structure. (Althoughone should
note tha natural selection was proposd by Darwin well before genes were podulated by
Mendd, and a century before thar structure was elucddaed by Watson and Crick).
Cultural entities, such as bdiefs, ideas, fashions, and nomms, on the othe hand are
typically ambiguous difficult to ddimit and congantly changing. Memetic modds tha
are based on hardQ explicitly defined units therefore only seem applicable to a very
small subst of cultural phenomena, such as chan letters. However, the biological
andogy does not imply such rigidity: unlike highe organisms, the genes of bacteria and
viruses too are in a flux, congantly mutating and exchanging bits of DNA with other
organisms, buttha does notimply that they do nat obey evolutionay prindples.

A second criticism of the memetic approach is tha people are not passive
QrehiclesOor QrarriersOof ideas and bdiefs, the way they may carry viruses. Individuds
actively interpret theinformation they receive in thelight of thar existing knowedgeand
values, and on the basis of that may decide to rgject, accept, or modify the information
tha is communicated to them. In order words individuds and groupsactively intervene
in the formulation and propagaion of culture. In tha sense, cultura evolution is
Lamarckian rather than purely Darwinian.

A find criticism is tha memetic modds have not yet been sufficiently subjected
to empirica tests (Edmonds 2002 Chielens & Heylighen, 2005. Part of the reason is
tha mog memetic theories do not make sufficiently conarete predictionsto befalsifiable
by observation. Mogt of these theories remain very speculativeN often hardly better than
aform of Grmchar philosophyO Moreover, until now there smply have been very few
empirical studies of how memes propagate, whether in the laboratory (e.g. Lyons &



Kashima, 2003)or in real life (e.g. Bangater & Heath, 2004) and even fewer links have
been established between these observationsand theoretical or mathematical modds.

We will try to address these criticisms in the remainde of this article. First, we
will discuss the issue of how to define a meme in an as accurate way as possible. Then
we will review the process of trangnission of memes between individuds, emphasizing
the active role played by an individud & cognitive structure. This will give us a basis to
review the dynamics of memetic propagdion across a popuktion, and the mathematical
and ssmulation modds tha have been used to study it. To introdue empirical tests, we
will first discuss the criteria tha determine the fitness of a meme, specifying which
memes are mog likely to spread. We will then summarize a few experiments and case
studies in which the predictive value of such selection criteriawas tested. Findly, we will
discuss some potential future applicationsof memetic research.

Defining the meme
Replicators

The origind ddfinition of a meme by Dawkins (1989) was based on the conapt of
replicator. A replicator is a system tha is able to make copies of itself, typically with the
hdp of some othe system. Examples indude real and computer viruses, which need
respectively a cell and a computer processor to make copies of themselves. The
fundanental example discussed by Dawkins is the gene, the string of DNA tha carries
theinformation on how to make a protein, and tha is copied with the hdp of the cellular
machiney whenever a cell divides. A meme too is areplicator, asit is copied whenever
informationis tranamitted from oneindividud to another via communication or imitation.

Because replicators can be reproduced in different quantities, they are subject to
naural selection: the one tha tendsto produe the largest number of replicas over an
extended time span will win the competition with less produdive replicators. To succeed
in this, according to Dawkins (1989) a good replicator should exhibit the following
chaacteristics:

* longevity: the longe any ingance of the replicating patern survives, the more
copies can be made of it. A drawing made by etching lines in thesandis likely to
be erased before anybodycould have reproduced it.

* fecundity: the faster the rate of copying, the more the replicator will spread. An
indugria printing press can churn out many more copies of a pamphlet than an
office-copying machine

* copying-fidelity: the more accurate or faithful the copy, the more will remain of
theinitial patern after several roundsof copying. If a panting is reproduced by
making phoboopies from phobcopies, the picture will quickly become
unrecognizable.

Dawkins caled memes the QhewO replicators, in the sense that they appeared very
recently compared to genes. The reason for this evolution is clear: the typically human
ability of imitation, i.e. learning new ideas, knowledge or behavior by copying what
another individud already learnt, provides a tremendous shortcut for the multiple



expeiences of tria-and-error that are otherwise necessary to discover a useful new
behavior patern (Campbdl, 1974. While some othe animals are capable of limited
imitationN e.g. songbrds learn songs from each other, and apes can imitate simple
behaviors (Bonne, 1980N this capability is best developed in humens (Blackmore,
2000) This accounts for our ability to develop a culture tha is passed on from generation
to generation, thus accumulating ever more useful knowledge in the course of its
evolution. In tha sense, memes can be seen to be respongble for the extremely fast
development of human sodety and its subsequent dominance of the ecosystem.

Memes vs. Genes

When we compare thetwo mog important replicators, genes and memes, we immediately
notice a nunber of fundanental differences. Genes can only be tranamitted from parent
to offspring. Memes can in prindple be tranamitted beween any two individuds. For
genes to be trangmitted, you need onegeneration. Memes can be tranamitted in the span
of minutes. Meme propayation is also much faster than gene spreading, because gene
replication is restricted by the relatively small numbe of offspring a single parent can
have, wheeas the number of individuds tha can take over a meme from a single
individud is aimog unlimited. Moreover, it seems much easier for memes to undego
variation, since the information in the nervous system is more plastic than tha in the
DNA, and since individuds can come into contact with many more different sources of
novd memes. On the othe hand, selection processes too are more efficient because of
Qvicariougselection (Campbdl, 1974) the carrier of a meme does not need to be killed
in order to eiminae an inadequae meme; it suffices tha he witnesses or hears aboutthe
troubles of another individud dueto that same meme.

Thecondusonisthat cultura evolutionwill beseveral orders of magnitudefaster
and more efficient than gendtic evolution. It shoud not surprise us then that during the
last ten thousnd years, humans have hardly changed on the gendic level, whereas their
culture has undegonethe mog radical developments. In practice the supeior evolvability
of memes also means tha in cases where gendic and memetic replicators are in
competition, we would expect the memes to win, even thoughthe genes would start with
the advantage of a well-established, stable structure (Blackmore, 2000) as we will
discuss further when reviewing computer smulationsof such dud evolution.

While memes have a much highe fecundity than genes, ther plasticity implies a
much lower copying-fiddity: a message as received and undestood by an individud will
rarely be identical to the one tha was expressed, as illugrated by the many
misundestandings and reinterpretations during communication. Yet, we should not
condude from this that effective communication is impossible: if you bdieved tha, you
would not be reading this article, hoping to assimilate the main ideas presented by its
authors. The reason for such mixture of accurate trangmisson with creative
reinterpretation istha, mog fundamentally, humansare cognitive agents. This meansthat
they process incoming information depending on the knowledge they already have and
the computing machinery they are endowed with, selectively retain some of that
information in ther memory, and selectively express some of tha information to other
agents. Generally, thetrangmission of information by an agent will changeboth the agent,



who has learned something new, and the information, which will be affected by the
knowledgethe agent already had.

Therefore, a meme reaching an agent, if it is reproduced at al, will typicaly be
trangmitted in a changed form, possibly recombined with other information learned
earlier. Thisexplainswhy it is often so difficult to define or pinpoint an individud meme.
In tha sense, cultura evolution is Lamarckian: characteristics acquired during the
lifetime of the meme( carrier can be trangmitted to later carriers. Lamarckian evolution,
while not being Darwinian in the strict sense, is still subject to the prindple of naural
selection: acquired characteristics too will be passed on selectively, depending on their
fitness. Natura selection by definition will pick out the memes who survive this
trangmission process relatively unchanged. Therefore, the fittest memes, such as certain
songs religiousbdiefs, scientific laws, or brand names, will have a stable, recognizable
identity, even though they may differ in appearance, as exemplified by the many
renditions of a song or joke All such memes togdaher define the culture shared by a
community.

This identity will be reinforced by postive feedback tha characterizes the non
linear interaction between meme and carrier: the more people encounter a paticular
version of a meme, the more they will tend to adapt their own version to this common
prototype, the more commonly they will express this version, and thusthe more people
will encountr it. In this way, a variety of versionstha are condantly being exchanged
within the same group will tend to converge to a single, canonica version (Axelrod,
1997) A newcomer to this group with a variant version will be extensvely subjected to
the accepted version, and is likely to eventudly give in to this conformist pressure by
adoping the mgjority version (Boyd & Richerson, 1985)

This winner-takes-all dynamics, where the initially mog frequent variant comes
to dominae all othe's, iseegantly illugrated by computer smulationsof the evolution of
languaye, in which many communicating individuds who use different words for the
same conaept quickly convege on a single word (Steels, 1997) Similarly, mog systems
of ethics or religious bdief tend to actively suppress any variant from ther canonical
version. This explains why in spite of the great variability of memes, we genealy have
no problems determining whether an individud bdongsto a certain religiousor linguistic
group (Heylighen & Campbdl, 1995) Note tha such nonlinear reinforcement does not
exist for genes, since genes are transmitted only once, from paent to offspring.
Moreover, one a gene is given, it can no longe be affected by the presence of other
versionsin the popuktion.

Anothe fundanental difference beween memes and genes is tha for memes
there is no equivalent for the traditiond distinction between genotype (the information
carried by the genes and passed on to the next generation) and phenotype (the specific
appearance of an organism as determined by genes and environmental influences). In
biologica evolution, the genotypeis thesite of evolutionay variation (since variationsin
the phenotype are not passed on during reproduction) and the phenotype the site of
selection (since it is the organism as a whole tha survives and reproduces, or is
eliminaed). In memetics, we can distinguish three levels.

1) thememotype denotes theinformation as hed in an individud @ memory;
2) themediotype denotes that information as expressed in an externd medium, such
as atext, an artefact, a song,or abehavior,



3) the sociotype denotes the group or community of individuds who hold tha
informationin their memory (Blackmore, 2000)

Variation and selection take place on al three levels. A memotype can vary or be
eliminaed (forgotten) while residing in an individud® brain. A mediotype can similarly
mutate (e.g. via a printing error) or be log, and a sodotype can change when new
individuds are addead to the group, who may introduce different memes, or be eliminated
(as when an unsuccessful tribe dies ouf). In conduson, the processes of variation and
selection, while andogousat the degpest level, are much more complex for memes than
for genes.

Delimiting the memetic unit

Wha are the e ements tha make up ameme? In order to andyze meme structure, we can
use some conoepts from cognitive science, the discipline tha studies mental content.
Perhgpsthe mog popubr unit used to represent knowledgein artificial intelligence is the
production rule. 1t has theform Of condition, then actionO The action leadsin general to
the activation of another condition or category. A produdion rule can thusbe andyzed as
a combinaion of even more primitive elements. two concepts or categories and a
connection (the QhenOpart, which makes the first category entail the second one. For
example, a meme like GBod is omnipotentOcan be interpreted as Of a phenomenon is
God (it bdongsto the category of God-like entities), then tha phenomenonis omnipotent
(it bdongsto the category of omnipotent entities)O

Produdion rules are connected when the output condiion (action) of the one
matches the input condiion of the other. This makes it possible to construct complex
cognitive systems on the basis of simple rules. In memetics, such systems are called
meme complexes Or memeplexes. For example, ascientific theory or areligioussystem of
bdief may be represented as a collection of mutudly conneted propostions or
produdion rules, such as G5od is omnipotentQ GBod is goodQ GBod punishes bad
peopleQ Of you steal, you are badQ etc. This collection of rules togeher determines a
knowledge system tha allows making inferences, such as Of you steal, God will punish
youO Even more conaete perceptud or behavioral memes, such as a tune might be
modded in this way, as conctenationsof produdion rules of thetype Of C (musical note
distinguished), then E (note produced and subsequently distinguished)Q Of E, then AQ
and so on. (In fact, genetic information too can be modded usng networks of Of... thenO
produdions a DNA string is activated by the presence of certain proteins (condition) to
which it respondsby produdng specific other proteins (action), see (Kauffmann, 1993).

Produdion rulesN or at least a simplified, binary representation of them, called
QrlassifiersN can be used to build computer simulations of cognitive evolution, usng
gendic algorithms, i.e. algorithmically applied opeators tha perform the equivalents of
mutation, recombination, and selection on the basis of GitnessOon such strings (Holland
et a., 19%). Although classifier modds genedly do not take into account distinct
carriers, this lookslike a promising road to study the evolution of memeplexes formally
and computationdly. As we will see later, though,simulations of cultural evolution are
usudly limited to the mutation and spread of simple memes, ignoling the cognitive



structures and processes that suppot inferences and tha create new meme(plexe)s out of
combinaionsof existing ones.

Even if we would modd memes as connected sets of produdion rules, we till
have the problem of how many produdion rules define a single meme(plex). If we cal a
religion or a scientific theory a meme, it is clear tha this will encompass a very large
number of interconnected rules. In practice it will beimpossible to enumerate all rules, or
to define sharp boundaies between the rules tha bdong to the meme and tho tha do
not For example, should you bdieve in the existence of Hell, the creation of theworld in
seven days, and the virginity of Mary to be called a Catholic?

A pragmatic criterion that can be used in this regard is to define a meme or
memeplex as the smallest collection of propostions or memory items tha tends to
replicate as a whole (cf. Wilking 1998) For example, a propostion like GGod is
omnipotentOon its own, without specification of God® other characteristics, is much too
abdract to be clearly understood or applied, and as such is unlikely to replicate well.
However, in combinaion with a nurber of other propostions like GGod is goodQGGod
is the creator of the worldQ etc., that flesh out, apply, and suppot this abgract ides, the
package will make much more sense, and be more likely to be passed on to other
individuds. Similarly, thefirst three notes of amelody are unlikely to be remembered as
a unit, but the first eight, as in the beginning of Beethoven@ fifth symphony, may well
be

It remains that often we can add or subtract a few produdion rules (such as the
virginity of Mary) from a memeplex without significantly changing its chances of
replication. Theefore, in practice it will rarely be possible to determine the precise
boundaies of a meme(plex). However, this should not deract us from consdering
memes while andyzing cultural evolution. Indeed, the same problem besets genetic
modds of biological evolution: as yet, it is in practice impossible to specify the exact
combinaion of DNA codors tha determine the gene for, say, fair skin, big ears or
altruism. The biochemica definition of a gene as a string of DNA tha codes for one
protein is not very ussful when studying evolution, since mog practical fundionsrequire
a combination of proteing mog proteins exhibit a combination of fundions and much of
the DNA is non-coding, but therefore nat necessarily useless, as it may contain control
informationtha determines the activation of other DNA strings

As Dawkins (1989) notes, we do not need to know the conditutive elements or
boundaies of agenein order to explain the evolution of paticular characteristics, such as
altruism or fair skin, for which such a gene would be responsble. It is sufficient that we
can distinguish the effects of tha gene from the effects of its rival genes (aleles). If we
can determine the fitness differences resulting from these effects, then we can make
predictions about which type of genes will win the competition in a particular situaion,
and thuswhich characterigtics the species is mog likely to evolve. For example, knowing
tha people with lighter skin need less sunlight to produce sufficient vitamin D, we can
predict that in Northern regions naural selection will favor genes for light skin over
genesfor dark skinN whatever DNA codonsmake up these respective genes.

The same applies to memes. If, for example, we obsrve tha one meme (say
Catholicism) induees its carriers to have more children than its competitors (say
Anglicanism), and tha the children tend to take over thar memes from ther parents,
then, all other things being equal, we can predict tha after sufficient time this meme will



domnae in the popuktion. This prediction does not require any explicit definition of the
meme of Catholicism, but only the ability to distinguish it from its compditors. Of
course, in practice it is never the case tha al other things are equd, but that is the
predicament of al scientific modding: we mug always smplify, and ignore potentially
important influences. The question is to do tha as wisely as possible, and to maximally
induderelevant variables withoutmaking the model too complex.

Dynamics of meme replication and spread

To bereplicated, ameme mug pass successfully throughfour subsequent stages:
1) assimilation by an individud, who thereby becomes a carrier or ost of the meme;
2) retention intha individud's memory;
3) expression by the individud in languaye, behavior, or another form tha can be
perceived by othes;
4) transmission of the thus created message or mediotype to one or more other
individuds.
This last stage is followed agan by stage 1, thus clogng the replication loop. At each
stagethereis selection, meaning tha some memes will be eliminaed. Let uslookin more
detail at the mechanisms governing these four stages.

Assimilation

A successful meme mug be able to OnfectOanew hog, that is, enter into its memory, and
thus acquire its memotype form. Let us assume tha a meme is presented to a potential
new hog. GPresentedOmeans either tha the individud encounters an existing mediotype
form of a meme, or tha he or sheindgpendently discovers the meme, by observation of
outside phenomena or by thought i.e. recombinaion of existing cognitive elements. To
be assmilated, the presented meme mus be respectively noticed, understood and
accepted by thehog. Noticing requires tha the mediotype be sufficiently salient to attract
thehod's attention. Undestanding meanstha thehog recognizes the meme as something
tha fits in with his or he cognitive system. The mind is not a blank date on which any
idea can be impressed. To be undestood, a new idea or phenomenon mug conneet to
cognitive structures tha are aready available to the individud. Findly, a hod tha has
undestood a new idea must also be willing to bdieve it or to take it serioudy. For
example, athoughyou are likely to undestand the propostion tha your car was built by
little green men from Mars, you are unlikely to accept tha propostion without very
strong evidence. Therefore, you will in general not memorize it, and the meme will not
manageto infect you.

Retention

The second stage of memetic replication is the retention of the meme in memory. The
longe the meme stays, the more oppotunities it will have to spread further by infecting
other hods. Thisis Dawkinss (1989)/ongevity characteristic for replicators.
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Jud like assimilation, retention is characterized by strong selection, which few
memes will survive. Indeed, mog of thethingswe hear, see or undestand during the day
are not stored in memory for longe than a few hours. Althoughyou may have clearly
assimilated the news that the naional party won the Swaziland electionswith 54% of the
votes, you are unlikely to remember this a week laterN unless you live in Swaziland,
perhaps Retention will degpend on how important the idea is to you, and how often it is
repeated, either by recurrent encounter or by internal rehearsal.

Expression

To be communicated to other individuds, a meme mug emerge from its storage as
memory patern or memotype and enter its mediotype phase, i.e. assume a physcal shape
tha can be perceived by others. This process may be called GexpressonO The most
obvious medium for expression is speech. Other common means are text, pictures,
behavior, and the creation of artifacts such as tools, buildingsor works of art. Expression
does not require the consciousdecision of the host to communicate the meme. A meme
can be expressed simply by the way somebody walks or manipulates an object, or by
what heor shewears.

Some retained memes will never be expressed, for example because the hog does
not condder the meme interesting enough for others to know, uses it unmngioudy
withoutit showing upin hisor her behavior, does not know how to expressit, or wants to
keep it secret. On the othe hand, the hog may be convinced tha the meme is so
important that it mug be expressed agan and agan to everybodyhe or she meets.

Transmission

To reach another individud, an expression needs a physical carrier or medium that is
aufficiently stable to trangmit the expression without too much loss or deformation.
Speech, for example, uses soundto trangmit an expression, while text will be tranamitted
throughink on pgoer or electrical impulsesin awire. The expressionwill take theform of
a physcal signal, modulating the carrier into a specific shapelN the mediotypeN from
which the origind meme can be re-derived. For example, mediotypes can be books
photographs artifacts or CD-ROMs.

Selection at the tranamission stage happens through either elimination of certain
memes, when the mediotype is destroyed or gets corrupted before it is perceived by
another individud, or through differential multiplication, when the mediotype is
reproduced into many copies. For example, a manuscript may be putinto the shredde or
turned into a bookthat is printed in millionsof copies. Especialy since the emergence of
mass media and mass manufacturing, the tranamission stageis the onewhere the contrast
between successful and unauccessful memes is largest, and where selection can have the
largest impact.
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Meme fitness

Theoverall survival rate of a meme m can be expressed as the meme fitness F(m), which
measures the expected number N(m) of memes at the next time step or generation ¢+1
divided by the average nunmbe of memes at the present time . This fitness can be
expressed in a smplified modd as the produd of the survival/multiplication rates for
each of the four stages, respectively assimilation 4, retention R, expresson E and
trangmission T:

Fomy = YL L) ) ROm). E(m). T(m)
N(m,t)

A denotes the propottion of mediotypes encountered by the hog tha are assimilated. R
represents the propottion of these assmilated memes tha are retained in memory.
Therefore, 4! 1, R! 1. E isthe numbe of times a retained meme is expressed by the
hod. T isthe nunber of potential new hogs reached by a copy of the expression. Unlike
A and R, E and T do not have an uppe bound,athoughF is likely to be more restricted
then 7. Note tha F is zero as soon as one of its components (4, R, E, T) is zero. This
expresses the fact that a meme mug successfully pass throughal/ four stages in order to
replicate. Also note tha for a meme to spread (F > 1), you mug have at least E > 1 or
T>1

Dynamics of spread

Fromthe standad definition of fitness F', we can derive therate of growth for the number
N(¢) of meme copies at time ¢. This determines the speed with which the meme spreads
throughthe popdation of carriers.

dN N +D-NQ@)
dr 1

= (F-1).N

Thisresults in a traditiond exponential growth if F > 1, exponential decay (and eventud
extinction) if F < 1, and stability if 7 = 1. This modd is too simple if the popuktion is
finite. In tha case, we need to take into account the total size of the popuktion of
potential carriers K, which fundions as the Qarrying capecityO of the sodo-cultural
environment in which a meme proliferates. The increase in the nunber N(¢) of memes
can berepresented by thefollowing Verhulst type of equation:

dN N
—-=(F-).NQ-2)

This equaion expresses thefact tha the growth in meme number (dN) isin first indance
propottiond to the nurber (N) tha is aready thereN since more memes produe more
copies of themselvesN , but eventudly limited by the number K of potential hostsin the
popuktion, so that growth becomes zero when the popuktion reaches this limit (N = K).
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The fundion N(¢) tha is the solution to this differential equation is the logigtic fundion
with its characteristic sigmoid (S-like) shape

Interactions between memes

The dynanics of a single growing meme popuktion N(m) could be extended to severa
interacting memes N; = N(m;). Here we should add an interaction term 4;; which describes
the strength of the influence of meme i on meme ;. This influence can be postive
(4; > 0), which meanstha an increase in i produes an inarease inj, i.e. i hdps; to grow.
A negdive influence (4, < 0) means that the growth of i suppresses the growth of j. A
neutral relation (4; = 0) meansthat the spread of the onedoes not influence the spread of
the other. This applies to memes from indgendent domeins such as GGod existsOand
Qpples are healthyO If we now consder thereciprocal influence (4;;), we can distinguish
thefollowing specific types of interaction:

* A4;>0, 4; > 0: the memetic species i and j can be seen as mutualists, that hdp
each other to spread, e.g. by reinforcing each othersOmessage. An example could
be GGod is goodGind GGod is greatQ

* A4;<0,4;<0:iandj arerivalsor competitors (Best, 1997} an inarease in theone
produces a decrease in the other. Examples are G5od is goodCand (5od does not
existQ

* A4;>0,4;,<0:iand; standin apredator-prey type of relationdhip, i.e. i grows at
the expense of ;. This may hgpen when i (eg. relativity theory) is a more
advanced version of j (e.g. Newtonian mechanics), so that carriers of j would
quickly convat to i, but non-carriers of j would be more difficult to convince of
iGvalue

The ovedl dynamics can be represented by the following system of nonlinear
differential equaions

dN,
" N,»@A-,N, +B)

A;;, theinfluence of meme i onitself will here nomally aways be negative and equd to
(1 b F)IK, while B, = F; -1, as in the previous equaion for a single meme. Such
dynamica modds quickly become very complex to solve, but are not fundanentally
different from traditiond growth and competition modds used in popuktion biology,
epidemiology, or studies of the diffuson of innovations (Roge's, 2003) However, they
do not take into account the dependence of a meme on its carrier, nor the specific
communication channds between carriers.

Social structures
One way to make the modd more realistic without adding too much complication is to

congder the structure of the soda space in which the potential carriers of ameme reside
Here we make the additiond assumption of continuity, namely tha a meme cannotjump
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from onecarrier to anothe without there being some form of proximity or relationship
between the carriers.

Horizontal transmission and the evolution of cooperation

The smplest form of relationship is the onebeween parents and ther offspring. Parent-
to-child transmission (or more genedly trangmission between generationg is caled
vertical transmission (Cavali-Sforza & Feldman, 1981) Memes bdonging to domains
such as religion, languaye ethics, and genera culture are commonly tranamitted in this
way. This form of propagaion is andogousto the trangmission of genes. Theefore
QrerticalO modds of cultural evolution find results similar to those of biological
evolution. This means that verticaly trangmitted memes, such as established religions
will typically reinforce or elaborate genetically tranamitted behavioral paterns and thus
directly contribute to biologcal fithess (Cullen, 1999).

The same does not apply to horizontally transmitted culture, i.e. memes
exchangal between members of the same generation (Cavalli-Sforza & Feldman, 1981).
Here wha is good for a meme (e.g. davish imitation of fads and fashiong is not
necessarily goodfor the biological individud or gene pool, since genes and memes are
subjected to different kinds of naural selection. This may promote the evolution of
parasitic memes that are ddeteriousto thar carriers, as we will discuss further.

However, in addition to the fact that it spreads new information more quickly,
horizontal trangmission also offers anothe benefit that vertical tranamission lacks. A
classic problem in biologica evolution is the evolution of cooperation (Dawkins 1989;
Heylighen & Campbdl, 1995} given tha genes are selected to promote ther own good,
with a disregard or even hodility toward any rivals tha compete for ther scarce
resources, how can we explain coopeative or atruistic behavior where an individud
invests more in hdping anothe than in his or her own good?In the animal world, cases
of atruism, such as among soda insects, are usudly explained via kin selection:
individuds will hdp othe's as long as these are related to them, i.e. share thar genes. In
human sodety, however, people often hdp stranges tha are totaly unrelated. The
initially proposd explandion of group selection, namely tha groupsof individuds that
hdp each other survive beter than groupsof selfish individuds, has the shortcoming tha,
within altruist groups it are the selfish profiteers tha do best, and thusspread thar genes
mog (Dawkins 1989)

Horizontal trangmission of coopeation noms solves this problem, since the
members of a cultural group are al memetically related to each other, shaing thar
memes rathe than thar genes. Theefore, cultural kin selection will extend to all
members of the group (Evers, 1998) This entails a selective pressure for memes to
suppot the fitness of the whole group of ther carriers, e.g. by promoting coopeation.
Moreover, selfish profiteers will nat be able to undemine the coopeation produced by
such atruism-promoting memes because of conformist pressure (Boyd & Richerson,
1985; Heylighen & Campbdl, 1995) or wha we have caled GQuinna-takes-allQ when
one meme establishes a majority postion it will eventudly get imposd on a/l members
of the group, thus suppressing the appesrance of selfish dissidentsN or at least not
allowing them to make any convets and thus spread their memes. This cultural solution
to the coopeation paradox in biological evolution appears to have been developed more
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or less indgpendently by different meme theorists (Boyd & Richerson, 1985;Heylighen,
1992;Evers, 1998;Blackmore, 2000)

Topologies of communication

Horizontal tranamission will generally follow existing soda or geographical topologies.
This can bemodded in two different ways:
1) individuds are situated in a space (typicaly a two-dimensond plane or its
discrete equivalent, atwo-dimensond lattice of cells);
2) individuds are consddered as nodes in a (sodal) network, which are connected by
ties of acquantance or trud.
Thebasic assumptionin these models is tha memes diffuse continuously across the space
or nework. This meansthd, in first ingance, communicationsare consdered to belocal,
i.e. agents exchange memes only with thdr direct neghbors in the space or sodal
network. The neighborcan pass on the meme to its neghbors, and so on, so tha a meme
eventudly may spread across the whole popuktion.

When a popuktion congsts of different clugers or local communities, tha have
little communication with each other, this will typicaly lead to different cultures
establishing themselves in different communities (Boyd & Richerson, 1985; Axelrod,
1997) Thereason is tha intense communication within each community will produe a
Quinne-takes-allOdynamics where by chance or local adaptation one of several variant
memes becomes dominant. Memes from other communities, however, will only rarely be
encountered, so tha they will genealy not receive enoughreinforcement to displace the
established memes.

Recent research in complex neworks, including soda networks, has shown that
such networks commonly have a scale-free structure (Albert & Barabas, 2002) This
means tha a few agents, the so-called GhubsOof the network, have a great many sodal
ties, while mog agents only have a few links The implication for cultura diffuson is
tha memes hoged by thubGagents will have a dispropottionaely large effect, and are
much more likely to spread widdy. A similar effect has been observed in the spread of
sexudly tranamitted diseases, such as AIDS, where the infection of a few hubsin the
network (in this case individuds with a large number of sexud partners) may make the
difference between alarge-scale epidemic and afew isolated infections This observation
has provided ingiration to researchers in Qriral O marketing, who look for methodsto
make pubilicity for a brand or produd by creating a uzzQ i.e. a postive message about
thar produd tha is propagaed via word-of-mouth (Marsden & Kirby, 2005; Marsden,
1998) Their strategies focus on identifying and targeting the Qpinion-leadersOwithin a
community, i.e. those central individuds tha many know and tend to imitate.

Althoughit isin prindple possible to make andytica modds of the propagaion
of memes across space or across networks, calculating the precise spread in a redistic
environment is far too difficult. Therefore, these processes are typically explored via
multi-agent computer simulations

15



Computer simulations of cultural evolution

Cultural trangmission of rules, noms or information is a common ingredient in many
soda simulations (e.g. Bura, 1994; Axelrod, 1997; Doran, 1998; Hales, 1998; Flentge,
Polani & Uthmann, 2001) that are based on an Qartificial sodetyOof interacting software
agents (Epgein & Axtell, 199%). However, such memetic propagaion is often added
merely as oneof the many assumptionswithin a complicated modd of a specific type of
sodo-cultural evolution, such as the evolution of a shared vocabulary (Steels, 1998)or of
coopeaation nomms (Hales, 1998) Thee have been relatively few smulationstha have
explored cultural evolution in the broadest sense. We will now discuss some typical
examplesthat illudrate thewider issue

Probably thefirst explicitly memetic smulation, Meme and Variations, was made
by Gabora (1995, first written 1992) The assumptions undelying this, and related
simulationsof cultural diffuson (e.qg. Denaro & Parisi, 1996;Baldassarre & Parisi, 1999,
are the following: agents search the best solution for a particular problem. They can
either find a solution onthar own throughtrial-and-error, or they can take over a solution
from another agent, by observing the solutions each of thar neighboss has found and
imitating the best one Theresult of the smulation is tha the agents collectively find the
best solutionsif they partially imitate others, partially explore individudly. If they only
imitate, there is no creativity and the best solution cannot be improved. If they only
explore individudly, lots of search is needed to merely rediscover wha was already
known elsewhere. In the ideal situaion, which is achieved by trying out different
parameter values for the ssmulation until onehas foundthe optimal mix of innovdionand
imitation, good solutions will spread very quickly throughoutthe popuktion, but this
without preventing the discovery of even beter solutionshy certain agents.

This simulation investigated the relative effectiveness of, and interaction between,
individual learning and cultural diffusion. An olde classc smulation (Hinton &
Nowlan, 1987) investigated the relative effectiveness of, and interaction between,
individual learning and genetic evolution. Ingired by this work, Best (1999) studied the
three-way interactions beween individud learning, gendic evolution, and cultural
evolution. In Best@® simulation, agents can acquire knowledge tha allows them to
maximize ther fitness in three ways. 1) by inheiting it, possibly with variations from
thar parents (vertical, genetic tranamission); 2) by copying it from another, fitter agent
(horizontal, cultural tranamission); 3) by individudly discovering it via tria-and-error.
The simulation showed tha cultural transmission, jug like individud learning, can
enhance gendic evolution, accelerating its convegence to the optima solution.
Moreover, cultura transmission appeared supeior to individud learning in tha it
producd conveagence more quickly.

Best (1999) also examined the situaion in which cultura and genetic evolution
pursue opposte gods, and foundtha in this case genetic evolution nomally wins the
competition. However, Bull, Holland & Blackmore (2001) furthe investigaed this
situaion by alowing cultural evolutionto be much more rapid than genetic evolution, as
isnomally the case. They foundtha unde these conditionsmemetic effects are stronge
than gendic effects, and the only way genes can gill keep some control over the process
is by evolving mechanisms to filter out particularly harmful memes.

These smulationsof cultural evolution are still rather smplistic, in the sense that
agents literally copy any knowledgeexhibited by afitter agent. In practice, individuds do
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not a priori know which individud is fitter, and when they receive a message this
information will interact with the knowledge they aready had. Van Overwalle &
Heylighen (2006) have proposd a more redlistic simulation modd in which agents do
not jus copy a message, but actively QeinterpretOit, based on their previousexperience.
Agents are modded as simple neural neworks tha learn from experience. A message
corresponds to a patern of activation over the nodes in such a nework, and
communication to the spread of that activation from agent to agent via variable inter-
agent connections The strength of the connection between two agents represents the
degree of trug of the onein theinformation received from the other. Thistrug is learned
on the basis of the degree to which information received previoudy from tha agent is
confirmed by own knowledge Unlike mog multi-agent smulations the Van Overwalle
& Heylighen (2006)modd is suppoted by solid empirical evidence, in that it managesto
accurately reproduce the results of several classic communication experiments, induding
theLyons& Kashima (2001,2003)study of meme tranamission tha we will discussin a
later section.

Selection Criteria for Memes

Since mathematical modds and computer simulations of meme spread necessarily have
to make plenty of simplifying assumptions and cannotincorporate al the specific soda,
psychological, linguistic and cultural factors tha influence the propagaion of a meme,
they are not very useful in predicting which conaete memes will be successful and which
will not Yet, such predictions are necessary if we want to arrive at an empiricaly
testable theory, which can be applied to practical problems. One way to arrive at a more
practical, predictive modd is to formulate genera selection criteria tha distinguish fitter
memes from less fit ones. All other thingsbeing equd, a meme that scores better on one
of these criteria is predicted to become more numerous than a meme tha scores worse.
This is afasdfiable hypohesis tha can betested throughexperiments or observations It
suffices to opeaationdize the criteria so that satisfaction of a criterion can be objectively
measured.

Many authors have proposd criteria for memetic success, and a few (e.g.
Heylighen, 1993, 1997 1998; Hale-Evans 1995 Castelfranchi, 2001) have compiled
lists of such criteria. Since these proposls, while related, are al different, we need to
examine more clearly what is needed for agoodlist of criteria. First, such criteria should
be formulated to be as much as possible indgpendent or non-overlapping, so tha a piece
of information can vary along one dimenson of evaluaion without varying along the
others. Second, without becoming too restrictive, they should be defined as precisely,
conaetely and unambiguousy as possible, so that different observers usng these criteria
can come to the same condusons

To illugrate theimportance of these methodobgical consderations let usreview
some proposd criteria, and point to ther shortcomings For example, onemight naively
propo® tha fit memes shoud be attractive to thar receivers. While this is true in a
genegd sense, it hdps us very little in opaationdizing meme fitness, as we cannot say
wha makes a meme attractive withoutbecoming much more explicit aboutits propeties.
A somewha more sophisticated hypohesis may propo® tha good memes should be
communicable (Schdler, Conway & Tanchuk,20®). Again, thisis obvioudy correct, but
communicability has so many different aspects, depending on the meme itsdlf, its
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audience, the used medium, etc., tha we might as well say that it smply should be a
good meme. A more specific criterion, used e.g. by (Heath, Bell & Sternbeg, 200J), is
plausibility. The problem here is tha people may use very different procedures to
estimate plaugbility, e.g. by looking at the source of the information, the available
evidence for it, or their own previousexperience.

We will here summarize the criteria proposd by Heylighen (1993,1997 1998,
which are based on an extensve review of relevant cognitive, soda and communicative
mechanisms. At themog abstract level, there are three classes of entities tha information
dependson: the object tha it refers to, the subject who assimilates and remembersiit, and
the communication process tha is used to tranamit it between subjects. These deermine
three categories of selection criteria, objective, subjective and intersubjective:

Objective criteria
* Distinctiveness. information tha refers to something precise, distinct or detailed,
can be confirmed more easily by observation
* [Invariance. information tha remains valid over a wide range of contexts or
situdions is more stable and broadly applicable
* Evidence: information that is suppoted by indgendent observations is more
reliable

Subijective criteria

* Utility: information that is vauable or useful to its carrier is more likely to be
remembered and passed on

* Affectivity: information tha provokes strong emotions is more likely to be
remembered and passed on: this typically stimulates indinctive reactions such as
fear, desire or disgug (Heath, Bell & Stenbeg, 2001).

* Coherence: the better information fits in with the knowledge tha individuds
already have, themore easily they will undestand and accept it (Thagard, 1998)

*  Simplicity: shott, Smple messages are easier to assmilate, remember and tranamit

* Novelty: information tha is unexpected will attract more attention

* Repetition: repeated exposure to the same message hdpsit to be assmilated and
retained

Intersubjective criteria

* Publicity: the more effort an individud puts into spreading a message, the more
people will receive it

*  Formality: messages formulated explicitly and unambiguousy are less likely to
be misinterpreted

* Expressivity: information mug be easy to expressin a given language or medium

* Authority: an authoritative, trugworthy source of the information makes it more
likely to beaccepted

* Conformity. information confirmed by many people is more easily accepted
(Boyd & Richerson, 1985

* Collective utility: information, if adoped by a group, may hdp the group to
fundion better, and therefore to grow or fundion as a modd for others. Examples
are standads linguigtic conventions and traffic rules.
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Parasitic memes

Memes being communicated undego naural selection. Some memes are tranamitted
easily, thusreaching a large nunmber of people, while others are rgjected, misundestood,
forgotten or othewise eiminaed from circulation. This means tha the memes best
adapted to the undelying cognitive and communicative processes will spread farthest.
We may assume tha our brain, genega culture, and soda structures have evolved so as
to maximize thefitness of sodety and its members. This meanstha they should be good
at assmilating useful memes, and at rejecting bad ones (e.g. Blackmore, 2000) For
example, we know tha we should not accept things without evidence, and tha some
sources are more reliable than other. Insofar that these sodo-cognitive guiddines, as
exemplified by the above list of selection criteria, efficiently filter out poorqudity
information, successful memes will also increase thefitness of ther carriers.

However, since no system is foolproof, these mechanisms will not always be
reliable. This leaves a niche for memes to evolve tha propagae well, appaently
satisfying the criteria tha people intuitively use, but without ddivering any ben€fit to
ther carriers. We may call such memes selfish (Heylighen, 1992)or parasitic (cf. Cullen,
1999) as they free ride on the effort invested by individuds to gaher and communicate
useful information. Such information parasites succeed by faking the criteria tha we use
to recognize high-qudity information. This is similar to the way many biological
organisms mimic other phenomena, such as viruses tha mimic the cell's own DNA, so
tha they are reproduced for free by the cellular machinery. Memes have therefore been
described as Onind virusesO(Dawkins, 1993; Brodie, 1996) since they similarly exploit
our cognitive machinery to get themselves replicated.

There are plenty of examples of such parasitic memes. Perhgos the mog studied
from a memetic point of view are chain letters, whos only pumpos isto have themselves
replicated and sent to as many people as possible (Goodenough & Dawking 2002;
Bennd, Li & Ma, 2003. A more moden variant are virus hoaxes (Chielens 2003;
Chielens & Heylighen, 2005) i.e. email messages tha warn the receivers for a non
existent type of computer virus, and urge them to pass on this warning to as many people
as possible. Probably the most dangearousinformation parasites are certain religious cults
(Cullen, 1999) which indodrinate thear followers to make as many convets as possible,
while isolating them from aternative sources of information, so tha they tend to develop
aview of reality that is so distorted that it may end fatally, as in the mass suicides of the
Heaven's Gate cult. Pseudosciences t00 can be dangaous paading as solid scientific
theories, but asserting statements that at best are not suppoted by the facts, like in
astrology, at worst fatally wrong, like in certain quack cures for cancer. Somewha more
benign are urban legends and various rumors and fads, which tend to spread in waves,
being passed on from peson to peson but without any authoritative source or rea
evidence. Bangater & Heath (2004) have tracked the evolution of onesuch legend, the
Mozart effect (i.e. the unfoundel bdief tha babies listening to classica musc become
more intelligent), starting from its source: a scientific experiment tha merely fourd that
after listening to musc adults temporarily scored better on certain testsN perhgps simply
because they were more relaxed.
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Severa memeticists (e.g. Dawking 1993; Brodie, 1996; Lynch, 1998) have
investigated the many tricks tha memes use to appear more acceptable than they deserve
to be induding the following. Self-justification means tha the components of a
memeplex mutudly judify each other, but withoutindependent suppot. An exampleis:
GGod exists because the Bible says soQ and Or ou should bdieve the Bible because it is
the word of GodO Self-reinforcement means tha a meme stimulates its hog to rehearse
itself, e.g. by repeated study, meditation, prayer, etc. Intolerance means tha a meme
indodrinates its hog to a priori rgect any potentially compeing memes. Proselytism
occurs when a meme urges its hog to maximally spread the meme to other hods, like in
the case of chan letters. Baiting occurs when a meme promises its carriers a reward if
they only accept and spread the meme. All these tactics are common in religious cults,
which promise thar adheents that they will go to Heaven if they bdieve the teachings
pray, and spread the word, while they will bum in Hell if they dare to doubt(Dawkins,
1993)

Parasitic memes have been the subject and ingpiration of mos empirical
approaches to memetics, since thar spread is relatively easy to track, and since they are
prime illugrationsof theway in which cultural evolution is fundamentally different from
gendic evolution.

Empirical Tests

Memetics has often been chdlenged and has known some very virulent critics. One of the
main criticisms is tha there are no empirical daa to back up the theories tha were put
forth, and in tha sense memetics is merely a way of thinking rather than a scientific
discipline (Edmonds 2002;Gil-White, 2005;Greenberg, 2005) This criticism isto some
degree judifiable. Thelack of a universally accepted meme definition and the vagueness
of meme boundaies (cf. Atran, 2001) indeed make empirical studies less evident. Yet,
there have aready been a few empirica studies of meme propagaion in different
condition, both in thelaboratory (e.g. Lyons& Kashima, 2001,2003 andinred life (e.g.
Goodenough & Dawking 2002; Bennd, Li & Ma, 2003; Chielens 2003) More
genegdly, we mug note that memetics is an approach tha illuminaes important aspects
of culture, sodety and communication tha more traditiond approaches, such as
sodology, psychology or history, tend to neglect. Empirical tests cannot confirm or
falsify this perspective as a whole, but merely specific implementations of it. This is
andogousto the obsrvation tha expeiments in psychology or sociology can test
paticular theories within thar field, butnotthefield as such.

Within the memetics field, one simple way to test specific theories is by
congdering the memetic selection criteria they imply (Chielens & Heylighen, 2005) We
can then measure the appaent success rate of different memes, and examine its
correlation with the degree to which the memes fulfill the proposd selection criteria
Heath, Bell & Sternbeg (2001) applied this approach to investigae the criteria of
affectivity (which they call emotional selection) and plausibility. From the affects, they
focused on disgud because this is a relatively simple emotion whose strength is easy to
measure. When comparing different urban legends tha contained an element of disgust
(e.g. the story of a man who discovers a dead rat in the cola bottle he has jug been
drinking from), they foundthat the more disguding variationstypically had spread more
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widdy than the less disguging ones. The same applied to more plausble variations
Chielens (2003) used a similar method to examine the spread of virus hoaxes. He used
both expet and nonexpet surveys to score different hoaxes on different criteria,
induding novdty, simplicity, utility, authority and proselytism. In this case, the spread of
the hoax correlated most strongly with its novelty. Schdler, Conway & Tanchuk (2002)
examined the correlation between the communicability of traits, i.e. the probability with
which subjects would speak about a particular trait, and the frequency of these traits.
They found tha for traits used to describe different ethnic groups the mog
communicable traits are also the ones tha are mog widdy spread and pesistent in
sodety. Pocklington & Best (1997; Best 1997; 1998) used automatic text andysis to
measure how often a certain discussion subject was mentioned in a particular discussion
group on the net. They found evidence for memetic compsetition between mutudly
incoherent subjects, meaning tha an increase in the onecorrelated with a decrease in the
other.

While these studies merely observed existing paterns of spread, Lyons &
Kashima (2001, 2003) peformed a laboratory experiment in which they ddiberately
produed a memetic trangmission chan. They created a fictiond story and asked the
paticipants in the experiment to subsquently tell the story from person 1 to person 2,
from 2 to 3, and so one, like in the game of Qelephon&or GChinese WhispersO The
story involved a fictitioustribe the Jamayans, about which all participants had received
some background information. After several expeiments, a statistical andysis of the
story elements that remained at the end of the trangmission chan (i.e. as reported by the
last person to hear the story) founda numbe of systematic selection effects. These seem
to confirm four of the previoudy mentioned criteria:

1) coherence:. elements inconsistent with the background information were more
likely to beleft out;

2) novelty. elements tha the speakers assumed were already known by the listeners
were more likely to beleft out,

3) simplicity: déails or embdlishments tha did not affect the story linetended to be
left out;

4) conformity. when the participants were told tha the majority of them bdieved tha
the Jamayans were, e.g., peaceful, they were more likely to leave out elements
incongstent with this fact than if they thoughtthat this was only a minority
opinion.

Expeiments on memes On the wildO are more difficult to control than in such a
laboratory situation. Because of ethical concernsit is hardly possible to release a well-
dodored meme uponthe world to observe how it evolves. Another problem is that it is
hard to track memes once they are released. Even when feedback is asked or if
mechanical trackers are induded in the meme (for example, images induded in an email
message tha are automatically downloaded from a controlled server each time the
message is opendd), it is hard to see whether the meme has already been changead by the
time these devices are triggered.

In conduson, empirical memetics research remains in its infancy. However,
expeiments have aready shown that it is possible to quantitatively confirm or falsify a
number of nontrivial memetic predictions It isto be hopel that many more studies along
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these lines will be carried out. Aslongas memetics has not been thoroughly investigated
empirically, it islikely to remain a theoretical niche framework used only for description
rather than prediction.

Future Directions

The theory of memetics and cultural evolution holds out great promises for a better
undestanding, anticipaion and control of fundanental soda problems tha depend on
the propagaion of ideas and behaviors. This will require more extensve empirical
observationsand tests, more detailed computer modds of theinteraction between memes
and ther hods, and a better conceptudization of wha a meme precisely is. A first basic
result tha should come out of such research is a conaete and reliable list of criteria that
characterize successful memes, i.e. ideas or cultural traits tha propagae widdy and
easily across large popuktions. This would allow us not only to recognize such memes,
but to some degree to design or improve them.

The ability to create successful memes is the Holy Grail of marketing research
(Godin, 2002) which is congantly on the look-out for techniques to create a huzzOand
have thar publicity message or brand name (Marsden, 2002; Marsden & Kirby, 200b)
become as widdy known as possible. Another application of these prindples lies in
public education. For example, if the govenment makes a campagn to convince people
to stop smoking, it would be very useful to have the campagn designed according to
sound memetic prindples. This should take into account both the characteristics of the
messageitself (e.g. being sufficiently simple and unambiguous, of theintended audience
(e.g. beng consstent with what the audience already bdieves, while baeng sufficiently
novd to attract ther attention), and of the way it is trangmitted (e.g. having the meme
expressed in acommon medium by people consdered trugworthy).

Memetic selection criteria can be applied not only postively, to hdp spread a
bendficial idea, but negdively, to prevent or suppress hamful memes. Examples are the
idea tha it is cool to smoke false rumours and scares that may promote panic or
accentuae social prejudice, fundamentalist ideologies tha indte hared or terrorism, and
dangaoussupastitions such as the bdief tha you can cure AIDS by having sex with a
virgin. A better undestanding of memetic dynamics may hdp usto undestand how such
mind viruses arise and spread. It may moreover help usto @mmunizeOthe popuktion by
educating them about basic memetics, so as not to be misied by apparently plausbleN
but fundamentally misleadingN cults, fads and supestitions (Dawking 1993; Brodie,
1996)

Anothe basic result of future memetic research should be a complex dynamical
modd of the interactions between individuds, groups and the memes they carry. This
should allow making longe-term predictions about the interactions between different
groupsand subaultures within our globdizing sodety. A crudal issuein this regard is
whethe minority cultures will eventudly be assmilated into the mgjority, or on the
contrary become polarized, asserting thar divergent habits and bdiefs ever more
forcefully (Axelrod, 1997;Van Overwalle & Heylighen, 2006) Two conaete examples
are minority languayes, such as the Welsh ill spoken in Britain, where there is a
tendency for the subaulture to be dowly erased by the mgjority culture, and the culture of
Islamic immigrants in Europe wherethere is atendency towardspolarization in the sense

22



of increased radicalism. Neither complete assmilation nor polarization are desirable
outcomes, but at first sightthey seem like the mogt likely results of the Quinne-takes-allO
dynanics created by the pressure to conform to the group one has mog contact with. A

more deailed theory of cultural evolution may hdp us to find a midde way tha

preserves cultural diversity without exacerbating conflicts, and to pinpoint the crudal

factorstha can steer thedynamicsin onedirection rather than another.
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