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ABSTRACT
This paper describes two methods for quantification of novelty, which are not well known in archaeology. These
extend the methodological toolkit available to researchers into culture and innovation. The methods are:
o [nverse frequency weighting. This involves allocating a weighting of 1/n to instances of the chosen item, so that
rarer items are given a heavier weighting than common ones, in a way which allows summing of novelty

*  Minimum edit distance. This involves calculating the minimum number of changes which need to be made
to change one item into another specified item (e.g., the number of changes involved in changing from one

Worked examples are given, showing how these can be used to quantify the novelty associated with specific
changes in the archaeological record, such as the change from stone to copper and bronze. The article also shows
how empirical approaches to measurement of novelty can be usefully linked to concepts from other literatures,
such as the concept of the honest indicator, from evolutionary ecology, and to the literature on empirical aesthetics.

The “Innovation and Evolution” workshop was held at the Centre for the Archaeology of Human Origins, Uni-
versity of Southampton, United Kingdom; workshop papers guest edited by Hannah Fluck (University of South-
hampton; and, Landscape, Planning and Heritage, Hampshire County Council), Katharine MacDonald (Faculty
of Archaeology, University of Leiden), and Natalie Uomini (School of Archaeology, Classics and Egyptology,

INTRODUCTION

his article consists of two main parts. The first is about

things we can measure, and discusses ways of measur-
ing novelty, with worked examples of two methods. These
examples demonstrate that “novelty” is not a single unitary
measure —instead, it is context-sensitive, and can be mea-
sured in different ways for different purposes. This gives
more flexibility and power than trying to use a single uni-
tary measure, even if that were possible.

The second part of this article discusses whether the
perceived attractiveness of an innovation in material cul-
ture influences how likely it is to be adopted. This is another
field in which empirical approaches have been developed
in other disciplines which may be relevant to archaeologi-
cal research. This part of the article describes the concept of
empirical aesthetics, and discusses ways in which this con-
cept can be applied to the study of innovation in archaeol-
ogy. Although this concept offers considerable promise, it
needs to be applied with caution, since there is a significant
risk that it can lead to simplistic “Just So story” interpreta-
tions. We illustrate this point with examples from the ethol-
ogy literature.
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The concept of measuring novelty empirically is well
established, often within the framework of empirical aes-
thetics or computational aesthetics (discussed in more de-
tail later in this article). Some of this work has focused on
the generic issue of measuring novelty. Other research has
focused on specific domains and specific problems. Mea-
suring novelty in images, for instance, has received consid-
erable attention, and there is a well-established community
of researchers in this field. Much of this research involves
testing and comparing different approaches to assess em-
pirically the novelty of an image or of components of an
image. This typically involves some variant on Shannon’s
information theory (Shannon 1948), which is an extremely
well established approach, generally viewed as one of the
key underlying concepts in digital technology, and widely
used in other fields. This use of information theory is often
combined with software architecture based on some form
of Artificial Neural Nets (a very well established field with
an extensive and highly technical literature). There are nu-
merous examples of this approach to measuring novelty
computationally, for instance, Saunders and Gero (2001);
Matas et al. (2006).
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Empirical approaches have been used to assess per-
ceived attractiveness of a range of artifact types, such as
Web pages (e.g., Lavie and Tractinsky 2004). Research in
this tradition has not only investigated the attributes of the
object being aesthetically evaluated, but has also investigat-
ed the cognitive processing performed by the evaluator, to
see whether there are correlates between perceived attrac-
tiveness of an artifact and the cognitive processing routes
involved in processing it (e.g., Reberet al. 2004; Jacobsen et
al. 2006).

This article describes two methods which fit within this
broad tradition, but which appear not to have been widely
used in archaeological research into innovation, namely in-
verse frequency weighting and minimal edit distance.

THINGS WE CAN MEASURE, EXAMPLE 1:
INVERSE FREQUENCY WEIGHTING
Inverse frequency weighting is a concept widely used in in-
formation retrieval, where it is particularly useful for rank-
ing the results in an online search. Online searches often
produce very large numbers of hits and there has been a
considerable amount of work in the online search research
community into ways of automatically ranking the results
so that the ones most likely to be relevant to the user are
shown first in the list. Inverse frequency weighting is a
widely used way of doing this. It works on the assump-
tion that the more common a term is, the less likely it is
to contain much useful information, for instance, the word
“system” is ubiquitous, whereas “stochastic” is compara-

tively rare.

An online search is normally performed on a system
where the records can be treated as a closed corpus and
whose contents are routinely indexed automatically by
software. This means that the search software can easily
check how many instances there are of each search term
in the corpus being searched, just by looking up the rel-
evant entries in the online database. It might find, for ex-
ample, that there are 9,260,000 instances of “stochastic” and
1,350,000,000 instances of “system” in the case of a Google
search.

The usual approach in online search systems is to
give highest ranking to any records which contain all
of the terms in the search; for instance, both “stochastic”
and “system.” After that, the search system shows records
which only contain a subset of the search terms—e.g., re-
cords containing only “stochastic” without “system” —in
inverse frequency order. The usual way of calculating fre-
quency order is to convert the frequency of each term into
a fraction, whose value is 1/(number of occurrences of the
term in the corpus). So, for instance, the value for “stochas-
tic” would be 1/9,260,000 and the value for “system” would
be 1/1,350,000,000. These values are instances of inverse fre-
quency weighting.

This approach is particularly useful because it allows
values for given combinations of terms to be calculated. For
instance, if the user enters four search terms, and there are
records containing various permutations of three but not
all four search terms, then the system can calculate the rela-

tive weightings of each permutation of three, and present
them to the user in the appropriate order.

The same underlying concept can be applied to entities
other than search terms, for instance, physical artifacts in a
corpus such as a set of finds from an archaeological site or
a set of tools in use in a present-day village. Suppose, for
instance, that a Neolithic community gathering at a ritual
site happens to own 25 fully polished flint axe heads and
75 partially polished flint axe heads. The inverse frequency
weightings would be 1/25 and 1/75 respectively. If one of
the community turns up with a bronze headed axe, then
that axe head would have an inverse frequency weighting
of 1/1.

As with online search, the inverse frequency weight-
ing starts to produce more interesting results when dealing
with multiple items. Suppose, for instance, that we com-
pare two axes in terms of the inverse frequency weightings
of the individual components from which they are made.
The first axe in our hypothetical example consists of an axe
head and a handle, whereas the second axe consists of an
axe head, an antler socket, and a handle. We can now sum
the inverse frequency weightings for each component to
give values for each axe as a whole. For instance, the first
axe might consist of a partially polished flint head (1/75)
plus a handle (1/100), whereas the second consists of a
fully polished flint head (1/25) plus the innovation of an
antler socket (1/1), and a wooden handle (1/100). Translat-
ing these fractions into decimals for ease of calculation, the
first would therefore have an inverse frequency weighting
of (0.0133 + 0.01 = 0.0233) and the second would have the
much higher value of (0.04 +1.00 + 0.01 = 1.05).

If one of the axes is an innovation, whether a new in-
vention or a new trade import, then the inverse frequency
value for that axe can be treated as a proxy for the degree of
innovation. In the example just given, for instance, the axe
with the antler socket would have a novelty value of 1.05,
compared to the much lower novelty value of 0.0233 for the
other axe.

There are various ways in which this approach can be
made more sophisticated, and more suited to the issues in-
volved in archaeology as opposed to information retrieval.
One example is the level of granularity used in the analysis.
Continuing the previous hypothetical example, we might
compare the two axes at the level of “having a wooden
handle” and decide that they both had a wooden handle
and therefore should both have the same inverse frequency
weighting for that component. We might instead, however,
go down a level of granularity, and distinguish between
different types of wooden handle. At this level of granular-
ity, one of the axes might use a much rarer type of handle
than the other—for instance, in terms of the type of wood
involved (e.g., oak versus ash or yew) or in terms of using a
knot in the wood as the point to receive the axe head as op-
posed to using a straight grained piece of wood. Similarly,
a polished stone axe head might use a rare type of stone as
opposed to a common one.

This can be handled by listing the novelty values for
each level of analysis separately, which is simpler and
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clearer to the reader than trying to combine them into a sin-
gle “boiled down” value, which is likely to be hard to un-
derstand, and of questionable usefulness. So, for instance,
we might describe an axe as having a novelty value of 0.025
at the level of which components it contains and as having
anovelty value of 0.85 at the level of the composition of the
axe head.

This raises obvious questions about the choice of levels
of analysis and about choice of features within each level
of analysis. These choices are ones for the individual re-
searcher to make, in light of the research questions which
they are asking. For one researcher, for instance, the levels
of analysis might involve the processes and sub-processes
used in making the axe; for another, the levels might in-
volve the materials used and the sources or varieties for
each of those materials.

Inverse frequency weighting can give some useful
measures of novelty and degree of innovation; however, it
does not give much insight into the process of innovative
change. If a culture decides to adopt an innovation, how
many changes, and what sort of changes, will be involved?
One way of measuring this is minimum edit distance, de-
scribed in the next sub-section.

THINGS WE CAN MEASURE, EXAMPLE 2:

MINIMUM EDIT DISTANCE
Minimum edit distance involves comparing two items and
working out how many changes (i.e., edits) are required
to change one item into another. There are various well
established formalisms for doing this, such as Hamming
distance. The core concept for these formalisms is much the
same, and is usually illustrated via the example of chang-
ing one word into another, one operation at a time, where
the set of permitted operations is specified in advance (e.g.,
adding a new letter, deleting a letter, and changing one
letter into another). So, for instance, we could transform
“CHAT” to “BEDS” as follows.

CHAT becomes CAT (deletion)

CAT becomes BAT (substitution)

BAT becomes BET (substitution)

BET becomes BED (substitution)

BED becomes BEDS (addition)

This example involves five operations to edit one word into
the other. (Incidentally, there is no requirement for all the
intermediate steps to involve acceptable English words
rather than nonsense words, but we have chosen to do this
for clarity.)

As in the previous example, i.e., of quantifying nov-
elty via inverse frequency weighting, these changes can be
at various levels of granularity, so the figure for minimum
edit distance will depend on the level of granularity chosen
for the analysis. This is a significant difference from tradi-
tional uses of minimum edit distances, which tend to oper-
ate with one-dimensional strings of text, rather than with
hierarchically organized structures.

As a simple initial example, we can compare two axes,
one of which has a bronze head and the other of which has
a polished stone head, but which are otherwise identical

in terms of handle and socket. Each axe consists of three
components (head, socket, and handle); to change the
stone-headed axe into a bronze-headed axe would involve
changing only that one component, so the minimum edit
distance would be 1 at this level of the hierarchy. One way
of handling minimum edit distances in hierarchies is to
show the minimum edit distance for each level of the hier-
archy. An obvious refinement is to show the edit distance
as a fraction of the total number of editable points—in this
case, 1/3, since only one of the three points is being edited.

Describing the change from stone to bronze as “only”
an edit distance of 1 top-level change has obvious limi-
tations; the number of lower-level edits entailed by this
change will clearly be substantial. Each of the lower lev-
els can be assessed in turn, using the same approach. What
may happen in some cases is that all of the lower-level ma-
terials and tools turn out to be ones already in use within
that culture, so the changes involve only novelty in the
uses of the materials and tools. In other cases, as with the
transition from stone to bronze, the change will require the
introduction of new materials and tools—copper ore, tin
ore, tuyeres, moulds, etc. This can be modeled using graph
theory (Euler 1741) to represent the production chain in
graph theory format (Rugg this volume).

Figure 1 shows this schematically. This figure shows a
graph theoretic representation demonstrating how an ar-
tifact (at level 0) is composed of two main components (at
level 1), each of which is composed of two sub-components
(at level 2); one of the level 2 sub-components is itself com-
posed of three sub-sub-components (at level 3).

The graph in Figure 1 shows how an artifact can be log-
ically decomposed into layers of lower-level components
and/or materials. This approach is not limited to material
composition. An obvious refinement is to take into account
the number of processes affected by the change, as opposed
to the components, materials, and tools. This can be done
using approaches such as process models (e.g., Haidle &
Bréuer this volume) to represent systematically the various
processes, sub-processes, etc, involved in producing an ar-
tifact. The underlying concepts involved are very similar to
those described for material components, and for brevity
will not be further described here.

OTHER WAYS OF LOOKING AT NOVELTY
The previous sections suggested some ways of quantifying
the concept of “novelty” in an innovation. The following
sections of this article suggest some other empirical ap-
proaches to innovation which have been comparatively lit-
tle addressed within archaeology and paleoanthropology.
The underlying theme is the subjective attractiveness of an
innovation—does this affect the likelihood that a particu-
lar physical innovation will be accepted and are there any
ways of predicting the subjective perceived attractiveness
of an innovation from objectively measurable features of
that innovation?

There is an extensive literature on the diffusion of in-
novations, where a classic text is the book of that name
(Rogers 2003). There is also a significant literature on this
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Fiqure 1. Graph theoretic representation of the layers of components in a hypothetical artifact.

topic with specific reference to archaeology (e.g., Renfrew
1978). Rogers identifies five key attributes of an innovation
which affect the rate of adoption. Of these, two are func-
tional: compatibility, i.e., the degree to which the innovation
is compatible with other products currently in use; and, the
perceived advantage conferred by adopting the innovation.
Two relate to processes: complexity, i.e., the perceived ease
of use of the innovation; and, the rate of innovation, i.e., the
rate at which it spreads through the community. The fifth is
observability, i.e., how conspicuously visible an innovation
is to others in the community.

The factor of observability has obvious implications
for fashion and for personal adornment. Non-functional
personal adornments such as beads are well attested in
the archaeological record for tens of thousands of years.
Archaeologists and anthropologists are well aware of the
significance of status displays, and of the role of rare and
high-cost items in those displays. Status is singled out as an
important variable by Rogers, not only for non-functional
items but also for heavily functional ones; he cites, for in-
stance, an example of farmers buying expensive storage
silos as highly visible status symbols, instead of equally
functional silos which would be significantly cheaper.

This raises the question of whether there may be con-
sistent features in successful displays, beyond their novelty
and their cost. Is it the case, for a given pair of innovations
which are equal in visibility, novelty, and cost, that some
other factor will consistently affect the likelihood of one be-
ing selected in preference to the other? If so, this has im-
plications for interpreting the archaeological and paleon-
tological record.

There is an extensive set of empirical literatures which
deal with individuals’ responses to observable displays.
Much of this work is from ethology and deals with displays
in the broader animal kingdom; some of it is from other
fields, including neuropsychology. Taken together, these
bodies of research imply that it is possible to predict to at
least some extent what people’s responses will be to a given
observable innovation, across times and across cultures. In
this part of the article, we briefly describe these literatures,
and discuss how this approach can be applied to the ar-
chaeological record. We also highlight some areas for cau-
tion when using this general approach.

EMPIRICAL APPROACHES TO STUDYING
DISPLAYS AND PHYSICAL INNOVATIONS
Although the distinction between functional and non-func-
tional innovations might appear an obvious one, the reality
is more complex. Some factors are clearly and uncontrover-
sially functional, and many of these are easy to measure. In
the case of an innovation involving an axe, for instance, one
obvious objective factor is how long it takes to cut down a
tree with the new type of axe as opposed to the old type of

axe.

Another obvious objective factor is the production
cost which has gone into an artifact. It is tempting to as-
sume that an innovation which is lower-cost is more likely
to be successful. The full story, though, is more complex
(Rogers 2003). A high-cost item is typically associated with
higher social status than a low-cost item. One reason for this
is that the high-cost item signals that its owner has access to
more resources than others in the community. A very simi-
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lar concept has been extensively studied in ethology, where
it is known as an honest indicator. In ethology and related
fields, an honest indicator is an observable attribute which
accurately reflects the reproductive fitness of its bearer, for
instance, plumage quality in birds is generally an honest in-
dicator. There is a well established body of research investi-
gating the role of biological honest indicators in human so-
ciety, such as whether or not human facial attractiveness is
an honest indicator of health (e.g., Kalick et al. 1998; Rhodes
et al. 2001). This concept has been applied in archaeology
by, e.g., Mithen (2003), writing about handaxes, which he
describes as “reliable indicators for four specific dimen-
sions of fitness: resource location abilities, planning abil-
ity, good health, and capacity to monitor other individuals
within the group.” Similar cases have been made by other
researchers (e.g., Kohn and Mithen 1999). Chamberlain ap-
plies a similar approach to a range of archaeological top-
ics, including handaxe design and landscape preferences
(Chamberlain 2000). There has, though, been debate about
the applicability of such approaches within the archaeolog-
ical literature (e.g., Machin 2008; Hodgson 2009a; Hodgson
2009b; Nowell and Chang 2009; Mellars 2010).

Ryan (1990) summed up the honest indicator approach
succinctly: “It can suggest how females might evolve pref-
erences in adaptive mate choice, how sensory biases could
determine the direction of the runaway process, and how
males might evolve traits that exploit pre-existing sensory
biases of the female (sensory exploitation).” For brevity, we
will ignore the considerable debate in evolutionary ecology
about the respective importance of male and female choice
in sexual selection (e.g., Buss 2006). Two key phrases for
our purposes are “pre-existing sensory biases” and “the
runaway process.” The first of these implies that animal
sensory systems are predisposed to have biases in particu-
lar directions. This is well supported by a considerable lit-
erature, and is discussed in more detail below. The second
phrase refers to a particular form of sensory bias, known in
ethology as “superstimulation” or “supernormal stimuli”
(e.g., Ryan 1990). In brief, a superstimulus involves a sen-
sory bias encountering something outside the usual range
and being super-stimulated as a result. A textbook example
is parent birds responding to the stimulus of the yellow
skin around a nestling’s mouth, by feeding the nestling.
Cuckoo chicks have much bigger expanses of yellow skin
than the parent birds” own chicks; this stimulates the par-
ents to feed the cuckoo more than the other chicks. Super-
stimuli are a widespread feature in mating displays across
the animal kingdom (e.g., Ryan 1990). Obvious potential
cases in human culture include facial cosmetics, high heels,
and shoulder pads in clothing. The issue of superstimuli in
human culture is discussed in some detail in relation to art,
under the name “peak shift effect” by Ramachandran and
Hirstein (1999).

There are some robust findings in the literatures on hu-
man sensory biases and aesthetics, such as the tendency for
people to rate symmetrical images as more attractive than
asymmetric ones (e.g., Cardenas and Harris 2006). Other
well-established findings include the following:

e Some preferences appear to be hard-wired, for in-
stance, even very young babies prefer symmetrical
faces to asymmetric ones.

e Prototypical faces, such as those produced in com-
posite photos, tend to be viewed as more attractive
than most of the individual photos which contrib-
uted to the composite (e.g., Rhodes et al. 2001).

e Novel things tend to be viewed as more attractive
than familiar things, as long as they are not too
novel (e.g., Forsythe, Mulhern and Sawey 2008).

At least some of these findings appear to apply across
cultures; for example, consistent results have been found
across cultures with regard to perceived attractiveness of
human faces (e.g., Fink and Neaves 2005; Rhodes et al.
2001), and the innovation literature suggests that similar
effects are found in regard to novelty across cultures (e.g.,
Rogers 2003).

We might therefore infer, extrapolating from biologi-
cal to technological signals, that an innovation which sends
out a clearly visible high-cost signal is more likely to be suc-
cessful than one which does not, other things being equal.
The first metal artifacts were honest indicators, being rare,
and not easily counterfeited, so on this count they were
likely to be successful innovations, even if they were not
functionally more effective than their stone equivalents.

This extrapolation raises a broad set of research ques-
tions. Is it the case that some of the objective features in-
volved in honest biological signalling carry across into sub-
jective preferences for features of artifacts? For instance, do
humans extend the underlying principle of preferring sym-
metry, not just to preferences for symmetrical faces, but
also to preferences for objects in general, such as houses
and handaxes? If so, this would be a source of systematic
preferences affecting which physical innovations were per-
ceived as desirable and which were not. There is suggestive
evidence that this is the case, as discussed below. However,
this approach needs to be treated with caution, since the full
story is more complex than it might appear at first glance.

Another literature which has taken an empirical ap-
proach to the study of visual displays is computational aes-
thetics. In computational aesthetics, the usual approach is
to produce computer-generated images and then to ask
respondents to rate the images for subjective aesthetic at-
tractiveness. This approach has the advantage of enabling
the researcher to have full control of the objective features
of the image. Another approach within computational aes-
thetics is to take existing objects or images, and to ask re-
spondents to rate these for subjective aesthetic attractive-
ness, after which the researcher measures objective features
in the object or image (e.g., an application of this approach
to Web pages by Lavie and Tractinsky (2004); c.f. also Moss-
hagen and Thielsch [2010] for a typology of visual aesthet-
ics intended for Web designs). This has the advantage of
focusing on real objects and images. One subject which has
been frequently studied within computational aesthetics is
perceived attractiveness of fractals (e.g., Spehar et al. 2003);
because the mathematical features of fractals can be speci-
fied in some detail, this subject has obvious attractions to
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researchers. Similarly, the information content of an image
can be readily manipulated and correlated with aesthetic
ratings (e.g., Avital and Cupchik 1998).

A third empirical approach is to start from the neurolo-
gy literature, so as to identify attributes of objects and imag-
es which are likely to be significant. A prominent example
of this approach is a widely-cited article by Ramachandran
and Hirstein which outlines a neurological approach to ex-
plaining aesthetic experience (Ramachandran and Hirstein
1999). This literature includes use of brain scans to identify
the underlying neurological processes involved in aesthetic
judgments (e.g., Vartanian and Goel 2004; Jacobsen et al.
2006). A closely related approach involves the information
processing literature. Information processing issues, such
as reduction of cognitive load, have been proposed as a fac-
tor in aesthetics by various authors (e.g., Enquist et al. 2002;
Forsytheet al. 2008; Reber et al. 2004; Jacobsen et al. 2006;
Winkielman et al. 2006).

Although these literatures come from very different
origins, they are generally in agreement about the key fea-
tures which they are trying to explain. They would all sug-
gest, for instance, that if other things are equal, an inno-
vative object which is symmetrical and moderately novel,
and which is honestly signalling high cost, is more likely
to be perceived as attractive than one which is not. So, for
instance, if two axe heads are equally efficient and equally
costly, then the one most likely to be preferred by members
of a community is the one which is the more symmetrical,
moderately novel, and honestly signalling that it is high
cost. From this point of view, the first copper axeheads had
a lot going for them in non-functional terms. The same fac-
tors provide a plausible argument for why the degree of
polish on polished stone axe heads often goes far beyond
what is functionally necessary.

GROUNDS FOR CAUTION

There are, however, grounds for caution when attempting
to apply these literatures to prediction of the success of ap-
parently non-functional innovations. One obvious poten-
tial criticism is the role of culture in human behavior—to
what extent are regularities in human aesthetic preferences,
for instance, a reflection of ephemeral cultural preferences
rather than biological biases hard-wired into the human
brain? Ramachandran and Hirstein’s 1999 article re-stoked
the flames of this debate; tellingly, an editorial about this
article in the Journal of Consciousness Studies (Anonymous
2001) was entitled “Another Front in the Science wars?”
Meta-analyses, such as that by Langlois et al. (2000), who
surveyed 1,800 articles on the topic, have concluded that
there is solid evidence for cross-culture regularities in aes-
thetic preferences with regard to perceptions of human at-
tractiveness. However, that is not the same as demonstrat-
ing that every aesthetic preference comes straight from
biology rather than from culture, or that every claimed link
between an objective feature and an underlying biological
explanation is true.

Some of the standard findings described above, such as
the preference for symmetry, appear to be solidly ground-

ed in biology rather than culture. Symmetry preference is
ubiquitous in the animal kingdom, and even insects exhibit
a preference for symmetry (Rodriguez et al. 2004). The un-
derlying neurophysiology is fairly simple, and there are
plausible reasons for this preference arising, in terms of
evolutionary biology, since symmetry is usually an honest
indicator of genetic fitness. Given its ubiquity throughout
the animal kingdom, we would therefore expect there to
be a preference for symmetry among hominins as a bio-
logical “default setting.” One archaeological implication is
that innovative products which are symmetrical are more
likely to be accepted than ones which are not; by the same
reasoning, we would expect to find this preference from the
earliest hominins onward.

There are, however, other issues which make the full
story more complex. If we take handaxes as an example,
it is tempting to argue that the symmetry in most handaxe
designs could be caused by their makers having an inbuilt
aesthetic preference for symmetrical shapes. However, it
is also possible that the symmetry is present for other rea-
sons, such as reduction of cognitive load —the process for
making a symmetrical handaxe can be handled with fewer
mental steps than a deliberately asymmetrical one. Other
plausible explanations for handaxe symmetry can easily
be generated, such as practical factors relating to how the
handaxe was used. However, being plausible, and having
some supporting illustrative examples, is not the same as
being the best explanation, and researchers in this area are
well aware of the risk of producing something which is no
more than a “Just So” story—an entertaining and super-
ficially plausible story which in reality is oversimplified,
overgeneralized, or downright wrong.

A classic example is provided by the bowerbird, where
the males of many species produce courtship areas decorat-
ed with colored objects. This behavior has been the topic of
a considerable body of research, since it lends itself readily
to a wide variety of experimental approaches, as described
below, and since there are apparent similarities between
the birds’ elaborate visual displays and human art. We
have used this as an example of how a set of findings can be
taken out of context and be misinterpreted as demonstrat-
ing a simple set of hard-wired aesthetic principles common
between humans and non-human animals.

The most widely known example is the satin bower-
bird, whose males prefer to add smooth, shiny blue objects
to the courtship area, and whose males have blue plum-
age. It is easy to speculate from this that the objects in the
courship area function as superstimuli for the male’s col-
oration —if female satin bowerbirds have a sensory bias to-
wards blue coloration, as an honest indicator of the quality
of the male’s health, then the blue objects in the courtship
area might act as superstimuli for this sensory bias. An
analogous supposition for human behavior would be that
smooth, shiny objects such as female jewellery are super-
stimuli for smooth, shiny eyes and/or smooth, shiny skin,
both of which are honest indicators of physical health.

The full story, however, is more complex. Within a
single bowerbird species, there are individual differences
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between birds in preferences for colors of objects; across
species, there are differences in relation to whether or not
smooth, round shiny objects are preferred over dull ones.
Even within the classic example of the satin bowerbird, it
appears that the decorative objects fulfil a different role in
courtship displays from the plumage of the displaying bird
(Borgia 2008) and are not a simple superstimulus.

Similar issues arise in relation to set of apparently ro-
bust findings relating to perceived attractiveness in hu-
mans. Tall men, for instance, are usually perceived as be-
ing of higher status than shorter men; women with facially
neotenous features are typically perceived as more attrac-
tive than women with more mature facial features. At first
sight, this suggests that innovations which enhance the ap-
pearance of the valued attributes will be more readily ac-
cepted than innovations which do not. Obvious examples
include headwear, high heels, and raised seating, as ways
of giving an individual the appearance of more height and
therefore more status; similarly, cosmetics make the skin
appear smoother and therefore youthful.

Findings such as those described in the preceding para-
graphs give some interesting insights. There is, however,
risk of overgeneralizing those findings, and of producing
“Just So” stories which gloss over underlying complexities.

An example of more complex realities involves the dif-
ference between within-gender issues and between-gender
issues, which may pull in conflicting directions. A classic
early recognition of this occurs in Darwin’s Origin of Species
(Darwin 1859); this is still very much a live area of research
(e.g., Buss 2006). An attribute which gives an individual
an advantage in within-gender competition for status, etc,
such as height, may also put them at a disadvantage in
between-gender competition for mates—tall women are at
an advantage over short women in terms of relative status
within the community of women, but at a disadvantage in
terms of stereotypical attractiveness to heterosexual males.

A related issue is highlighted by the phrase “stereo-
typical attractiveness” —it is easy to lump data into a single
mean preferred value, rather than checking whether there
are, e.g., multimodal preferences showing clusterings for
several different preferred values. Ethological studies of
mate preferences strongly suggest that there is a wide-
spread tendency in the animal kingdom for there to be
several different robust types of “attractiveness” within a
species, rather than “one size fits all.” An example of the
temptation towards “Just So” stories involves the prefer-
ence for smooth, round shiny things. Without the data from
other species, there would be an easy Freudian just-so story
relating this preference to the shape and visual texture of
human breasts and buttocks; however, the results from
species such as bowerbirds suggest that this preference
was widespread in the animal kingdom (though not uni-
versal) long before humans evolved. Similarly, although it
is tempting to assume that rare, costly displays will invari-
ably be attractive items of sexual display, there is evidence
that this is not always the case across species; Madden and
Balmford (2004) found that spotted bowerbirds do not pre-
fer rare or costly bower decoration.

It is also important to bear in mind that evolutionary
explanations are not the only ones which can make sense of
systematic biases in subjective aesthetic preferences. Infor-
mation processing models offer a very different way of ap-
proaching the same issue, with a solidly empirical ground-
ing, but could lead to some very different conclusions.

Despite these grounds for caution, we conclude that
there is a strong case for at least some observable features
of physical artifacts being reliable predictors of human sub-
jective aesthetic responses to them in a way which is not
culture-bound. This implies that these attributes can be fac-
tored in to innovation research, where they can be used to
generate a new set of research questions.

CONCLUSION AND FURTHER WORK

For researchers wishing to use empirical measures of nov-
elty, there are various available methods which are well
established in other disciplines. Inverse frequency weight-
ing and measurement of minimal edit distances are two
approaches which can be readily integrated with other ap-
proaches, such as the use of graph theory to show levels of
complexity. These methods are simple, and do not require
complex equipment, but are powerful and rigorous; they
can also identify fruitful new research questions.

The role of subjective factors in adoption of innova-
tions is an area where approaches from other disciplines,
in particular the literature on empirical aesthetics, also of-
fer the prospect of interesting research questions which can
be empirically investigated and which can offer fresh in-
sights. For instance, is there a correlation between the costs
involved in a given set of costly signalling and the degree
of social stratification in a society? Is it the case that the de-
gree of novelty in innovations is relatively constant across
time, or does it behave in some other way? Are aesthetically
attractive innovations more likely to succeed than non-at-
tractive ones? Are innovations in the early archaeological
record more consistent with ethological models of displays
and are innovations later in the record more consistent
with cognitive load models of aesthetics? The approaches
we have described in this paper should make it possible to
tackle these, and other, questions; we hope they will be of
use to readers.
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