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overview and context
In this chapter, I argue that the study of cultural evolution would benefit from 
model systems that are analogous to the model organisms studied in biol-
ogy and that patented technology would make an excellent model system. 
My argument has three main steps. First, I note an important epistemic bene-
fit provided by model organisms in biology: knowledge about a model or-
ganism illuminates nonmodel organisms both by providing a baseline for 
comparison with nonmodels and by allowing us to extrapolate knowledge 
about the model to similar nonmodel organisms. Model organisms are of-
ten relatively easy to learn about and understand, so information about the 
model organisms accumulates from many perspectives, and this informa-
tion becomes increasingly integrated over time. Second, I argue that the ana-
log of model organisms, which we can refer to as model cultural systems, 
provides analogous epistemic benefits for the study of cultural evolution. Or, 
at least, a model cultural system would provide those epistemic benefits if it 
existed. Third, I argue that patented technology has all the hallmarks of an 
excellent model system for at least three important aspects of cultural evolu-
tion: the way traits flow in the hyperparental genealogies that are character-
istic of cultural evolution, the open- ended innovation characteristic of many 
cultural systems, and the new automated methods and tools for mining huge 
digital data sets to visualize and quantify the evolution of cultural traits. 
Patented technology nicely illustrates these three aspects of cultural evolu-
tion and provides a relatively easy way to learn more about all three.

Although the standard methodologies for investigating cultural evolution 
do not include things like model organisms in biology, this is an unfortunate 
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missed opportunity. There have been other proposals for “model organ-
isms” for the study of cultural evolution, such as Weismann diagrams 
(Griesemer and Wimsatt 1989) and Punnett squares (Wimsatt 2012). When 
we see why model organisms are so useful in biology, we can see why the 
study of cultural evolution would enjoy similar epistemic benefits if it too 
studied appropriate model systems. The use of model systems would mark a 
constructive milestone in the study of cultural evolution, especially the evo-
lution of technology.

The central aim of this chapter is to show why patented technology is an 
excellent candidate model system for cultural evolution. Just as biology has 
a number and variety of model organisms, presumably, the study of cultural 
evolution would benefit from a number and variety of model systems; I pro-
pose patented technology as one excellent example. Many proposed model 
organisms never end up being adopted by biologists as model organisms. 
Lords of the Fly (Kohler 1994) and similar studies document many unfore-
seen and unintended contingencies that have influenced which organisms 
have become successful model organisms. Analogous unforeseeable and un-
intended future contingencies will presumably influence which systems 
become successful models for cultural evolution and whether patented 
technology is among them.

I will use the term cultural evolution to refer to the change over time of 
any population of cultural items. Many different kinds of cultural items can 
exist in populations, so there can be many kinds of cultural evolution. One 
consists of the evolving mental states (concepts, beliefs, behaviors, fashions, 
designs, etc.) found in some group of humans (e.g., Cavalli- Sforza and Feld-
man 1981; Boyd and Richerson 1985). Another kind consists of the physical 
artifacts and tools that humans invent and use or the commercial products 
that humans buy and sell (e.g., Basalla 1988; Rogers 2003; Arthur 2009). The 
focus in this chapter is a third specific kind of cultural population— the new 
inventions that humans have created over time— for which patented tech-
nology can serve as an easily ascertainable proxy.

Many things humans invent are not patented, and many never could be. 
But patented technology still is a precisely delimited subset of inventions that 
is especially easy to study and understand. To be sure, the evolution of pat-
ented technology is not representative of all other kinds of cultural evolu-
tion; technology is one unique subset of culture, and only a small fraction of 
human inventions is ever patented. Of course, neither is any model biologi-
cal organism representative of every aspect of the natural organisms it rep-
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resents. This chapter makes the case that patented technology is a good model 
for at least three important characteristic phenomena in cultural evolution: 
the microlevel, hyperparental flow of cultural (technological) traits; macro-
level, open- ended innovation in new cultural entities (inventions); and au-
tomated data- mining methods for extracting and representing the content, 
or meaning, of cultural entities (inventions).

Many organisms are the subjects of biological experiments, but as 
Ankeny and Leonelli (2011) have noted, only a few are singled out as model 
organisms; these include the bacterium Escherichia coli, the fruit fly Drosoph-
ila, and vertebrates like the zebra fish and mouse (a mammal). Sometimes the 
term model system is used for populations of organisms (microbial model 
systems). Just like model organisms and systems in biology, model cultural 
systems would be complex natural systems that exist in the real world, 
evolve over time, and are studied empirically. Conditions are ripe for stu-
dents of cultural evolution to make a standard component of their method-
ology the focus on a few model cultural systems, such as patented technology.

Focusing on a few model systems does not ignore or deny the value of 
other methods for studying cultural evolution. Rather, it augments them with 
a powerful new method. Case studies are one traditional method in the study 
of actual cultural systems (e.g., Ankeny 2012). Case studies share some im-
portant features with model systems. Both empirically investigate actual cul-
tural systems, and both focus on just one system. A narrow focus makes it 
easier when studying something very complex and diverse. But case studies 
and model systems also have an important difference. Each case study is typ-
ically unique and individual, and different scholars study different cases. 
Pattern and process in cultural evolution (Shennon 2009), for example, is full 
of case studies and phylogenies of material culture, and no two chapters fo-
cus on the same case. Information from different cases is collected and 
sometimes compared, but it is very rare for many studies to focus on the same 
case. For this reason case studies typically cannot support broad generaliza-
tions about other cultural systems. By contrast, model systems are used to 
support broad generalization about other systems; that is their central epi-
stemic function. And they can perform that function because a scientific com-
munity has collectively learned a lot about a single system. Pooling the 
results of a great many independent studies of the same model system is one 
of the defining hallmarks of model systems, and it helps explain why they 
support generalizations about similar nonmodel systems. So, a collective fo-
cus on a few model systems would complement traditional case studies. 
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Amassing many unique and different case studies is valuable for the study 
of cultural evolution, but so is learning a lot about a few model systems if 
what is learned can be extrapolated to other similar cultural systems.

Most of the things that are called models in the study of culture are not 
the sort of model cultural systems I am proposing. For example, the small- 
scale physical model of the San Francisco Bay discussed by Weisberg (2013) 
was built by humans to represent a larger target system: the actual San Fran-
cisco Bay. But model cultural systems and model organisms exist naturally 
and independently whether anyone studies them, or not, at least initially. (It 
turns out that many model organisms eventually become significantly altered 
and reshaped by scientists, usually in order to make them easier to study in 
the laboratory.)

The study of model cultural systems also differs from and complements 
the tradition of studying cultural evolution with theoretical, mathematical, 
and (more recently) computational models— which I will lump together and 
call formal models. Formal models include the pioneering mathematical work 
of Cavalli- Sforza and Feldman (1981) and Boyd and Richerson (1985), as well 
as the agent- based computer model of Arthur and Polak (2006). The behav-
ior produced by formal models can be compared with empirical observations 
of actual cultural systems. But though both are called “models,” formal mod-
els and model cultural systems are quite different. Formal models are purely 
mathematical objects and not real cultural systems. By contrast, a model cul-
tural system is a real cultural system, which is what we compare with formal 
models. This shows one way that model cultural systems would complement 
existing methods of studying cultural evolution.

Focus on a single model cultural system also complements the diverse 
range of work on cultural and technological evolution that concentrates on 
the similarities and differences between cultural and biological evolution. 
This includes not only verbal theories that use “memes” to describe and ex-
plain cultural evolution (Dawkins 1976) but also empirical studies of indi-
vidual cases and comparison of their behavior with formal models and verbal 
theories (see Ziman 2000). Like the authors in Pattern and Process in Cultural 
Evolution (Shennon 2009), those in Technological Evolution as an Evolution-
ary Process (Ziman 2000) each discuss a different distinctive case.

The reasons why model organisms benefit biology suggest that model sys-
tems would also benefit the study of cultural evolution. One key reason is 
the vast complexity of the natural systems under investigation. Part of what 
makes biological organisms so hard to understand is their complexity and 
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great variety of forms. One way in which biology copes with this complexity 
and variety is to identify certain organisms as “model” organisms, to learn 
a great detail about the model organisms, and then to leverage that knowl-
edge to draw conclusions about nonmodel organisms. In this way model or-
ganisms help biologists “to deconstruct the complexity of nature into its 
constituent parts and to explore the role of each part in creating patterns in 
nature, first in isolation, then in combination” (Jessup et al. 2004).

Like biological evolution, cultural evolution is extraordinarily complex, 
“a complex beast . . . [with] multiple evolving and interdependent lineages 
acting on different time and size scales” (Wimsatt 2013, 564; see also An-
dersson, Törnberg, and Törnberg 2014). Wimsatt notes that one way to cope 
with this complexity is to “seek the right organism for the job” and be “op-
portunistic in seeking cases that are tractable and can generate relatively 
crisp and unambiguous data” (Wimsatt 2013, 565). If we could amass knowl-
edge about a single model cultural system, we could then compare it with 
what we learn about other cultural systems and extrapolate it to other cul-
tural systems that are similar to the model in the relevant respects. One con-
crete constructive way to follow Wimsatt’s advice would be to adopt 
patented technology as a model system for cultural evolution.

The rest of this chapter elaborates the case for adopting patented tech-
nology as a model system for cultural evolution, especially for the trait flow 
over time in hyperparental (highly reticulate) genealogies, for the open- ended 
way in which cultural populations evolve, and for new methods and tools 
for the automated mining of big digital data sets of actual cultural popula-
tion. It first reviews the epistemic hallmarks that make model organisms so 
useful in biology and explains why model systems would have similar ben-
efits for the study of cultural evolution. Then it shows why patented technol-
ogy excels at all the hallmarks of a model system for cultural evolution. The 
chapter concludes with a summary of the main argument and a glance at its 
larger implications.

model biological organisms and model systems 
for cultural evolution
There is a wealth of recent literature about model organisms (Kohler 1994; 
Endersby 2007; Jessup et al. 2004; Ankeny and Leonelli 2011; Ankeny 2012; 
Love and Travisano 2013; Levy and Currie 2014). The literature covers many 
issues, but this chapter focuses mainly on the hallmarks that explain the 
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important epistemic benefits of model organisms for biologists. There is 
general agreement in the literature about these hallmarks, and they are 
listed in Figure 6.1.

The central epistemic benefit provided by model organisms (Figure 6.1, 
row 1) is that what is known about a model organism illuminates many non-
model organisms. There are at least two kinds of illumination that a model 
organism can provide, and they can be distinguished using the distinction 
between the phenomena (behavior) exhibited by a model or a nonmodel or-
ganism and the mechanisms that explain those phenomena (Love 2015). 
First, model organisms tend to be much better understood than nonmodel 
organisms, and this enables our knowledge of the characteristic phenomena 
involving model organisms to serve as a common baseline for comparison 
with the phenomena exhibited by nonmodel organisms (row 1a). Compari-
son with a standard and well- understood baseline is informative whether or 
not similar mechanisms produce the phenomena in both model and non-
model. What matters is that the behavior of model and nonmodel organisms 
can be compared; what matters is the similarity of their phenomena.

[A] model 
organisms 
in biology

1. The model illuminates many non model systems in one or  
both ways:

(1a) it is a baseline to compare with non models ✓

(1b) information about it can be extrapolated to similar non models ✓

2. Information about the model is amassed ✓

3. It is relatively easy to understand the model  because of its 
excellence in:

(3a) information quality and access ✓

(3b) scientific analy sis tools ✓

(3c) empirical observability ✓

(3d) experimental manipulability ✓

Figure 6.1. The main epistemic benefits of model organisms for biology (row 1) and some hallmarks 
(rows 2 and 3) that explain those epistemic benefits.
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A second, deeper kind of illumination comes when model and nonmodel 
are so similar that our knowledge about the model can be extrapolated to 
the nonmodel organisms (Figure 6.1, row 1b). In practice, many model and 
nonmodel organisms are similar in ways that justify using the models as 
proxies or representatives for the nonmodels, standing in for them and sanc-
tioning inferences about them. Ankeny and Leonelli (2011) refer to both the 
relatively wide “representational scope” of models organisms (nonmodels 
illuminated) as well as their especially wide “representational target” 
(questions and theories addressed).

One of the reasons we can usefully compare the phenomena and mech-
anisms in models and nonmodels is that information about a model organ-
ism is amassed from many perspectives (Figure 6.1, row 2). This information 
is incrementally integrated when this is thought to be relevant. A broad range 
of questions and theories can be addressed with a model organism because so 
much knowledge about one organism has been collected and annotated. Fo-
cusing on a single organism enables scientists to amass all of the gory details 
needed to understand the phenomena and underlying mechanisms found in 
even one very complex organism. The detailed knowledge accumulated about 
a model organism can drive the development of new scientific technologies 
and techniques, and it can foster productive careers for a community of pro-
fessional scientists. Amassing and integrating information about model 
organisms are good examples of characteristic activities in what Kuhn calls 
“normal” science and what Lakatos calls a “progressive” research program

Row 3 of Figure 6.1 identifies another typical hallmark of model organ-
isms: it is relatively easy to learn about the behavior of a model organism 
(Jessup et al. 2004). Since a model organism is easier to study, it is easier to 
observe and describe its behavior and therefore easier (eventually) to figure out 
the underlying causal mechanisms and explain its behavior. A model organ-
ism might be especially easy to understand because of the availability of abun-
dant reliable data (row 3a). For example, the quick reproductive cycle of the 
bacterium E. coli and the ability to stop, store, and restart the evolution of 
bacterial populations help make E. coli a useful model organism for experi-
mental studies of evolution (Love and Travisano 2013). Other important 
practical considerations include low experimental costs and the commercial 
availability of standardized lines of experimental organisms (Ankeny and Leo-
nelli 2011). In general, a key epistemic hallmark of model organisms is the 
availability of abundant, detailed, accurate, and inexpensive information.
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The applicability of powerful scientific tools and techniques can be an-
other reason why model organisms are easy to understand (Figure 6.1, 
row 3b). These can include laboratory practices and know- how, as well 
as  training and mentoring practices. Shared scientific tools and tech-
niques in a scientific community are other hallmarks of model organisms 
 (Ankeny and Leonelli 2011) and another source of their epistemic benefits 
for biology.

Another hallmark of model organisms is the possibility of recording pre-
cise empirical observations about the model’s behavior (row 3c). Detailed 
and precisely controlled observations about a model’s behavior in a variety 
of circumstances enable useful information about the model to be amassed. 
Similarly, practical methods for the precise experimental manipulation of 
model organisms (row 3d), especially with microscopic and molecular tech-
niques, are another hallmark of model organisms.

Using the hallmarks of model organisms as a guide, we can construct a 
table of analogous epistemic hallmarks for cultural evolution (Figure 6.2). 
Though the epistemic hallmarks of model cultural systems and model or-
ganisms turn out to be very similar, we will see that they are not identical.

As with model organisms, central to the epistemic benefits of a model 
cultural system would be the model’s ability to illuminate many nonmodel 
systems (Figure 6.2, row 1). And as with model organisms, a model cultural 
system would illuminate nonmodels, either by serving as a common base-
line for comparison (1a) or by knowledge about the model being extrapo-
lated to similar nonmodels (1b). The epistemic benefits of a model cultural 
system would also typically stem from a second hallmark shared with model 
organisms: amassing information about a single model from a wide variety 
of perspectives and sources (Figure 6.2, row 2). A third shared hallmark 
would be the relative ease with which a model cultural system can be stud-
ied and understood (Figure 6.2, row 3). Abundant clean data about the model 
would obviously help (3a), as would excellent scientific tools and techniques 
(3b). Both make it much easier to understand the model system and to share 
that information with a community of cooperating scientists. A third obvi-
ous epistemic benefit that model cultural systems would share with model 
organisms would be extensive, precise, detailed, and accurate observations 
of a model system in a controlled variety of circumstances (3c).

Although the hallmarks of model cultural systems generally parallel 
those for model biological organisms, there is one important difference (3d). 
Unlike with biological organisms, experimental manipulability of real cul-
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tural populations is typically not possible with a model cultural system be-
cause it is either impractical or unethical or both. For example, the study of 
the patent record would benefit enormously if we could observe what would 
happen in counterfactual situations without certain actual technological in-
ventions, or with certain possible inventions. But it is impossible to rewrite 
history, and it is very difficult to evaluate the relevant counterfactual situa-
tions with any confidence. Furthermore, even if we could experimentally mani-
pulate the actual evolution of technology, to do so might be irresponsible 
or unfair or inappropriate. Because of this, a model cultural system typically 
lacks the experimental manipulability that is among the hallmarks of model 
organisms. With this one understandable exception, Figure 6.1 shows that 
model systems for the study of cultural evolution share most of the impor-
tant epistemic benefits of model organisms. Even if actual cultural popula-
tions are not manipulated in experiments, a sufficient number of precisely 

[A]  
model 

organisms 
in biology

[B]  
model systems 

for cultural 
evolution

1. The model illuminates many nonmodel  
systems in one or both ways:

(1a) it is a baseline to compare with nonmodels ✓ ✓

(1b) information about it can be extrapolated to 
similar nonmodels

✓ ✓

2. Information about the model is amassed ✓ ✓

3. It is relatively easy to understand the model 
 because of its excellence in:

(3a) information quality and access ✓ ✓

(3b) scientific analy sis tools ✓ ✓

(3c) empirical observability ✓ ✓

(3d) experimental manipulability ✓ ×

Figure 6.2. Comparison of model organisms (column 2) and model cultural systems (column 3) with 
respect to their main epistemic benefits and the hallmarks that explain them. Note that the 
epistemic benefits are almost exactly the same. The one difference is row (3d). The check in this 
row indicates that excellent experimental manipulation is a hallmark of model organisms, while 
the × indicates that experimental difficulty or ethical constraints typically block experimental 
manipulation of the humans in model cultural systems.
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controlled observations can teach us a lot about a model system, and we 
might be able to extrapolate what we have learned to other cultural systems.

background on the evolution  
of Patented technology
Technology is only a small part of human culture, and only a small fraction 
of technologies are ever patented. Nevertheless, patents are an ideal context 
for investigating cultural evolution for a variety of reasons. Basalla (1988) 
stressed the great context for observing and describing the evolution of cul-
tural variation provided by patented technology. More recently, Mesoudi 
(2011) emphasized that patent technology enables us to precisely identify in-
dividual cultural entities and to document the details of cultural phyloge-
nies and cultural diversity. This chapter’s argument for patented technology 
as a model cultural system follows in the same general spirit as Basalla and 
Mesoudi.

Part of the reason why patented technology would make a good model 
cultural system is the wealth of empirical analysis of patent citations collected 
in Jaffee and Trajtenberg (2002). Jaffee and Trajtenberg have documented the 
economic value of patent citations, and they have used patent citations to 
compare the flow of knowledge among different technology sectors, differ-
ent social institutions, and different political states. The patent record in-
cludes a great deal of information about each patented invention, and 
human experts vet and collate the information. For example, patent exam-
iners at the United States Patent and Trademark Office (USPTO) label each 
invention with a string of numerical codes that describe its important tech-
nological capacities, and these patent technology codes can be used to bet-
ter understand “the nature and rate of technological change” (Strumsky, 
Lobo, and van der Leeuw 2012).

Dates, citations, and technology codes are just a small fraction of the in-
formation in the patent record. The information includes the unique identi-
fication number assigned to each patent, along with standardized information 
about when the invention was filed with the USPTO, when it was granted a 
patent, and the inventors of the patent. The record also contains text describ-
ing the invention’s important technological features, including a title, an 
abstract, and a list of “claims” that describe the invention’s novel technologi-
cal features. Current text- analysis tools include automated methods for 
mining the text in the patent record and identifying the key technological 
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features of each invention. The record also lists the USPTO technology codes 
that correspond to the main technological capacities contained in an inven-
tion. One can view a new invention as coming into existence (being “born”) 
when it is granted by the USPTO and as “reproducing” whenever another 
patent cites it as so- called prior art” (earlier patented inventions that are rel-
evant to a new patent’s claims of originality). Then one can reconstruct the 
complete genealogy of every patented invention. This is one reason why pat-
ented technology is an exceptionally rich and feasible context for studying 
the evolution of cultural traits.

Cultural and biological evolution are often compared, so it is worth 
stressing that the population of patents has some properties never found in 
biological populations. One simple example is that existing patents never die 
and go out of existence. A more important example is the hyperparental ge-
nealogies that they form. On average a patent’s prior art consists of roughly 
a dozen earlier inventions; the magnitude of this number demonstrates the 
hyperparental nature of patented technology. Formal tools for describing hy-
perparental inheritance networks have only recently been developed (Kerr 
and Godfrey- Smith 2009; see chapter 5 of this volume), so how well traits 
flow through hyperparental genealogies is an open but answerable empiri-
cal question. Hyperparentality makes a new invention’s technological fea-
tures a mix and combination of many earlier sources, and those features are 
often intentionally modified and blended by individual rational agents, so 
parent– offspring connections might be too degraded to enable certain kinds 
of natural selection to occur (Godfrey- Smith 2009, 2012).

Many complex causal webs affect cultural evolution. Patented technol-
ogy is affected by things like technology inventors and designers, technol-
ogy users and consumers, and economic markets and social institutions 
(Jaffe and Trajtenberg 2002; Arthur 2009; Caporael, Griesemer, and Wim-
satt 2014). The evolution of technology involves evolution in many different 
populations, four of which are depicted in Figure 6.3. Each population is 
evolving over time, and as the arrows suggest, the populations are causally 
connected; entities in each interact with entities in the others, so the figure 
depicts only part of the story. A more exhaustive list of factors affecting cul-
tural evolution has been compiled by Wimsatt (2013).

Population I in Figure 6.3 consists of people who design technological 
products to be sold in economic markets. Members of this population borrow 
ideas from each other, and ideas spread and diffuse through the population 
as people interact. Population II consists of the patented technologies 
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themselves; this population consists of each actual individual technological 
innovation, or at least those that are patented. The canonical description of a 
patent is simply the text in its title and abstract, as shown in the patent record. 
Unlike population I, the members of population II are not people but designs 
of specific kinds of technologies. Population III consists of commercial prod-
ucts in actual economic markets. These products are usually material objects, 
which are part of what is called material culture. Products compete with 
one another for market share and diffuse when first introduced to niches. 
Markets for products are affected by many kinds of factors, both endoge-
nous and exogenous. Population IV consists of people who adopt and use 
technological products in their daily lives. Consumers select which technol-
ogy products to buy and adopt, and preferences and fads diffuse through 
the population as consumers interact. Studies of cultural evolution often 
focus on the cultural traits of some population of humans, such as popula-
tions I and IV. I focus on evolution in exemplars of population II: patented 
inventions. The evolution of each of these populations and their interactions 
is worthy of study.

Figure 6.3. Four of the populations involved in the evolution of technology; the arrows suggest 
some of their interactions.
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Each patented invention corresponds to a specific invention. A patented 
invention is not just an idea in someone’s mind (e.g., those who invent or use 
it), for those ideas change over time and come in and out of existence. A pat-
ented invention persists even if nobody thinks of it. Patented inventions are 
abstract because they are kinds of technology with an open- ended range of 
instances. If a material or physical device is patented, the patent covers not 
some specific instance of the device but that kind of device.

Each patent cites some number of earlier patents. It is common to use a 
patent’s citations of earlier patents as a proxy for a genealogical link between 
an invention and its technological “parents” (Jaffee and Trajtenberg 2002; 
Chalmers et al. 2010; Buchanan, Packard, and Bedau 2011; Bedau 2013). All 
of these nodes and links together comprise a genealogy that continually 
grows and evolves in new and unpredictable directions. We can identify the 
most heavily cited patents as the main drivers of the subsequent evolution 
of technology. Future patents build on and cite some patents more than oth-
ers, and the main drivers emerge over time from this selection process. It 
turns out that the main drivers of technological innovation over the past 
forty years include bubble jet printers, polymerase chain reaction (PCR), and 
stents (Buchanan, Packard, and Bedau 2011).

Figure 6.4 shows part of the genealogy of U.S. utility patent number 
3938459, for a certain type of minesweeper used by the U.S. Navy. Time flows 
from top to bottom in this genealogy, and the original minesweeper patent 
is the large star at the top right. All of the other patents shown in this figure 
are direct descendants of patent 3938459. Citations of parents by children 
are indicated by arrows. One can distinguish at least four large lineages, and 
some of them have complex internal interconnections.

Note that Figure 6.4 shows only the direct descendants of the mine-
sweeper patent— only a small fraction of patents in the genealogy. In 
 particular, the hyperparental structure in the genealogy is artificially 
downplayed. To better indicate the hyperparental structure of patent gene-
alogies, Figure 6.5 shows all of the parents of each of the large circular nodes 
in Figure 6.4. While Figure 6.4 contains 36 large nodes, including the par-
ents of those nodes reveals an order of magnitude more parents in the gene-
alogy (Figure 6.5 contains 558 nodes). Hyperparental, indeed! Furthermore, 
including all of the parents of the first thirty- six descendants highlights the 
separate lineages in the genealogy; the four main lineages visible in Figure 
6.4 are very clearly delineated in Figure 6.5, and so is the complex sublin-
eage structure on the far left and far right. In general, Figure 6.5 shows a lot 
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of cross- citation within each of the four main lineages and very little cross- 
citation between the main lineages.

Hyperparental network structures like those in Figure 6.5 are common 
in cultural populations but relatively rare in biological populations; biologi-
cal genealogies are typically hypoparental rather than hyperparental. Mi-
crobes are known to experience a significant amount of horizontal gene 
transfer, and their resulting reticulated genealogies have some similarity to 
the hyperparental network structure in cultural populations. But most pat-
ents cite dozens of prior patents, so the degree and rate of hyperparental qual-
ity in the patent population is on a vastly larger scale than the horizontal 
gene transfer in microbial populations.

Some biological innovations are said to “open the door” to quite new and 
different kinds of subsequent biological innovations (Kauffman 2000; Bedau 
2009); in an analogous fashion, some inventions seem to open the door to 

Figure 6.4. The genealogy of patent number 3938459 (the large star at the top right): The invention 
of a kind of minesweeper used by the U.S. Navy. Up to nine generations of descendant nodes are 
shown. Time flows from top to bottom. Nodes are individual inventions, and links indicate parents 
cited by their children. Only descendants that receive at least one citation are shown. Nodes and 
the links below them are colored six different shades of gray to reflect the patent’s technological 
category (either Chemical, Computers and Communication, Drugs and Medical, Electrical and 
Electronic, Mechanical, or Other). The first three generations of descendants are shown as large 
circles to indicate how this is connected to the genealogy in Figure 6.5.
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quite new and different kinds of innovations. Door- opening innovations in-
crease the degree of innovation in the evolution of cultural populations. If 
one measures the degree to which an invention is door opening by the di-
versity of its offspring, then patent citation data show that many of the main 
drivers of technological innovation are highly door opening (Buchanan, 
Packard, and Bedau 2011).

Various tools make it easy to extract the technological content, or mean-
ing, of a patent from the text in the patent record. One especially simple met-
ric is TF- IDF (term frequency, inverse document frequency); the TF- IDF 
value of a term in a document from a corpus is the product of both the term’s 
frequency in the document and the log of the inverse of the term’s frequency 
in the entire corpus. This metric identifies the words in a document that most 
distinguish it from the other documents in a corpus. Although TF- IDF has 
known weaknesses and blind spots, it does a good job of automatically ex-
tracting key words that describe a patent’s technological content from the 
text in a patent’s title and abstract. Chalmers et al. (2010) extracted the most 

Figure 6.5. Another view of the genealogy of patent number 3938459, showing the parents of the 
patents in the first three generations of descendants (i.e., the large nodes in Figure 6.4); 
descendants in subsequent generations (and their parents) are omitted. Nodes and the links below 
them are colored six different shades of gray to indicate a patent’s overall technological category, 
and only descendants that receive at least one citation are shown.
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important TF- IDF key words in all of the new patents issued each year and 
mapped their annual frequencies in a series of heat maps in which lighter col-
ors (higher “temperatures”) correspond to more frequent traits (Figure 6.6).

Heat maps like Figure 6.6 are a macrolevel description of the evolution 
of the content of patented inventions. By contrast, a microlevel description 
might depict the content of each separate invention in a patent’s genealogy, 
and it might show in precise and complete detail how the content of inven-
tions changes over time in each lineage. The general idea would be to color 
the nodes in the genealogies in Figures 6.4 and 6.5 to encode the overall tech-
nological content of that invention. One easy and useful way to encode the 
overall technological content of each invention is to classify each into a few 
kinds of technologies, using the technology codes assigned to each patent 

Figure 6.6. A heat map of the frequency of key words with especially high TF- IDF scores in the 
patents issued each year (lighter shades reflect higher values). Reprinted with permission 
from Chalmers et al. (2010).
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by patent examiners. Figures 6.4 and 6.5 depict a familiar sixfold classifica-
tion of technology categories proposed by Hall, Jaffee, and Trajtenberg (2002) 
and adopted by the National Bureau of Economic Research (NBER). Six gray 
colors encode the six general kinds of technology: Chemical, Computers and 
Communication, Drugs and Medical, Electrical and Electronic, Mechani-
cal, and Other.

If we observe how traits flow in patent genealogies by close examination 
of the distribution of gray colors in Figures 6.4 and 6.5, we note the follow-
ing conclusions. First, there are examples of all six categories among the 131 
nodes shown in Figure 6.4. The minesweeping patent is classified by the 
USPTO as Mechanical, and all of the immediate descendants of the mine-
sweeping patent are also classified as Mechanical. But the 36 patents in the 
first three generations of descendants already exhibit three other technol-
ogy categories (Chemical, Computer and Communications, and Other), and 
the 131 patents in Figure 6.4 include examples from the two remaining cat-
egories (Drugs and Medical; Electrical and Electronic). Furthermore, the four 
main different lineages in Figure 6.4 contain distinctive categories of patents; 
the first large lineage on the far left contains mostly Mechanical and Other 
patents, while the second large lineage on the left contains mostly Computer 
and Communications and Drugs and Medical patents. The two remaining 
large lineages on the right both have a more complex internal citation struc-
ture, with patents from at least four different NBER categories.

Examination of the colors (NBER categories) of all the parents shown in 
Figure 6.5 underscores our earlier conclusions. The four different lineages 
each have parents from different distinctive NBER categories. The parents 
in the first large lineage on the far left are virtually all either Mechanical or 
Other patents, and the parents in the second large lineage on the left are 
mostly either Computers and Communications or Drugs and Medical pat-
ents. Most of the parents in the large lineage in the middle of Figure 6.5 are 
Electrical and Electronic parents, although parents are also in many other 
categories. The lineage on the right with the complex internal structure in-
cludes parents from all different categories; many are Mechanical patents, 
and some are Electrical and Electronic, Computer and Communications, or 
Chemical patents. Furthermore, we can observe that certain sublineages have 
different and distinctive distributions of categories of parents. Genealogies 
like those in Figures 6.4 and 6.5 provide detailed, empirical microlevel de-
scriptions of what specific technological categories have flowed through the 
actual genealogy of any specific patent. Such genealogies can be colored to 
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reflect a wide variety of other kinds of traits, including those that are recon-
structed from the text in a patent’s title and abstract.

Patented technology as a model  
cultural system
Given what we now know about patented technology, it is easy to see that it 
would be an excellent model system for the study of cultural evolution, for 
it has all of the hallmarks of a model cultural system (Figure 6.2), at least for 
open- ended evolution, for trait flow in hyperparental cultural genealogies, 
and for methods and tools for studying trait flow.

Patented technology provides an interesting form of open- ended cultural 
innovation, and similar phenomena are exhibited by many other cultural sys-
tems. So, even if different mechanisms underlie innovation in different cul-
tural systems, patented technology would still provide a standard baseline 
against which other forms of open- ended cultural innovation could be com-
pared and contrasted. Recent discussions of “revolutionary” modifications 
of entrenched systems (Wimsatt and Griesemer 2007) and of “redomaining” 
and its significance (Arthur 2009) suggest that there might be some signifi-
cant similarity of the mechanisms behind the open- ended evolution in many 
cultural systems.

There certainly is at least one important similarity in the mechanisms 
that produce the trait flow that can be observed in cultural systems: their 
hyperparental structure. For this reason, patented technology would be an 
excellent model system for the flow, over time, of technological traits through 
hyperparental patent citation networks. Since similar hyperparental mech-
anisms operate in many other cultural systems, lessons about hyperparen-
tal trait flow in patent populations should be applicable to many other cultural 
populations. Patent citation networks can “represent” the hyperparental 
mechanisms in other cultural systems and thus license inferences about the 
trait flow phenomena exhibited by those systems. This is an important epis-
temic benefit that patented technology would bring to the study of cultural 
evolution.

In addition, the same tools used to describe the flow of the content or 
meaning shown in Figures 6.4 and 6.5 could be used to describe the flow over 
time of the content or meaning of many other cultural systems. For this rea-
son, patented technology would make a great laboratory for developing and 
demonstrating new methods and tools for describing trait flow phenomena 
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and for unpacking the mechanisms behind those phenomena. Those new 
methods include new ways to observe cultural systems by using machine- 
learning and language- processing algorithms to automate the mining digi-
tal data repositories, such as patent records. Even if somewhat different 
mechanisms are behind the trait flow phenomena observed in different cul-
tural systems, the mere similarity of the data produced by the different sys-
tems is enough to explain why the same methods and tools can be applied 
to both. The analogs of Figures 6.2, 6.3, and 6.4 can be made for many other 
cultural systems, given raw data over time about trait frequencies. Patented 
technology “represents” many other cultural systems in the respects that are 
relevant for applying the new scientific methods.

One reason that patented technology would make a great model system 
is the patent record. This public and widely accessible resource makes it rela-
tively easy to describe and explain the diversity of existing technologies and 
their evolutionary origin, given a precise description of every patented in-
vention, including when it was invented and all of its prior art. The growing 
mass of data about human social and cultural behavior creates confidence 
that lessons learned from studying patented technology will be adapted and 
extended to other cultural systems. In addition to citation information al-
ready available in sources like the Scientific Citation Index and LexisNexis, 
and in addition to textual data streaming from traditional mass media out-
lets like the Associated Press and the New York Times, a new wealth of in-
formation is being generated on the web (Wikipedia), including social media 
like Facebook and Twitter and mobile apps like texting and Tinder.

The patent record also makes it much easier to amass information about 
patented technology from public patent records, in no small part because of 
the patent record created by the USPTO. Various human experts (the patent 
examiners, the inventor, the inventor’s lawyers, etc.) help make the patent 
record accurate and complete. Patented technology and citation networks 
have been studied in a number of scientific fields, ranging from scientomet-
rics and bibliometrics to science and technology studies. Information about 
patented technology has already started to accumulate (Figure 6.2, row 2), 
and Venturini, Jensen, and Latour (2015) recently articulated the special 
value that these new digital repositories have for cultural studies (citations 
below in the original):

The most interesting feature of digital media is that everything that they me-
diate becomes potentially traceable and often actually traced (Rogers 2013). 
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Such traceability creates data that are as rich/thick as those collected by 
ethnographic techniques but covering much larger populations. Everyday new 
public and private archives are swallowed by computer memories, economic 
transactions migrate online, social networks root in the Web, and the more 
this happens, the more traces become available on the collective dynamics 
that used to be hidden by the quali- quantitative divide (Latour et al. 2012).

Patented technology is also relatively easy to understand (Figure 6.2, row 3). 
Excellent information, tools, and techniques for analyzing it enable extraor-
dinarily precise observations of this example of cultural evolution. The in-
formation in the patent record is publicly available and relatively accurate, 
and it is continually updated as new patents are issued. In addition, citations 
make it easy to reconstruct the entire genealogy of any patented invention, 
and powerful statistical tools and techniques make it easy to identify each 
patent’s technological content. This makes the patent record especially fruit-
ful for illuminating microlevel hyperparental genealogies and macrolevel 
open- ended evolution, as well as showing how to extract cultural content or 
meaning from big data.

If patented technology becomes a model cultural system, the study of pat-
ents would not be limited to mining the patent record. Quite the opposite! 
A system becomes like a good model for other cultural systems only after 
being studied by many people from many different perspectives. To amass 
and share detailed information about a single system takes a scientific 
community, and a special epistemic opportunity is created when a scien-
tific community accumulates, curates and vets, and incrementally integrates 
information about a single cultural system. This accomplishment requires 
the investment of time and energy by a diverse cast of characters, including 
experts on policies and practices at the USPTO; on the psychological, social, 
economic, and political influences on patenting activities; and on the con-
nections between innovation and other factors such as geography, gender, 
and governmental investment.

The idenTificaTion of good model organisms has been a great epistemic 
boon for biology, helping constrain and unpack some of the complexity of 
life. Figure 6.2 lists the epistemic benefits of model systems for the study of 
cultural evolution, and patented technology exemplifies the entire list. One 
reason is that the patent record is full of precise and detailed information 
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about the novel and useful features of each patented invention. Another is the 
existence of tools for reconstructing the genealogy of an invention and each 
invention’s technological content (illustrated in Figures 6.2– 6.4).

Patented technology could illuminate many important questions about 
cultural evolution. One is the impact of culture’s characteristic hyperparen-
tal genealogies. Cultural evolution’s hyperparental quality is one important 
way it differs from biological evolution. This makes cultural evolution harder 
to study and understand. Citations in the patent record provide a precise pic-
ture of the parent– offspring connections between patents. Patented tech-
nology also exhibits interesting macrolevel open- ended evolution that is 
relatively easy to describe and compare with other cultural or biological pop-
ulations. Patented technology also illustrates powerful new scientific meth-
ods for extracting semantic content from textual data. Those methods could 
be adapted and extrapolated to describe and eventually explain the flow of 
semantic content in various kinds of cultural genealogies reconstructed from 
citations in scientific or other professional publications, in social media on 
the web like Facebook and Twitter, or in other digital repositories generated 
by texting and email.

Today, patented technology excels in all the hallmarks of model systems, 
and it could bring the epistemic benefits of model organisms to the study of 
cultural evolution. Adopting a model cultural system like patented technol-
ogy could also foster a new form of interdisciplinary cooperation and col-
laboration in a new kind of interdisciplinary research community. It remains 
to be seen whether the study of cultural evolution will take advantage of this 
new opportunity.

notes
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and Sergi Valverde. Thanks also to Alan Love, Robert Meunier, Emily Parke, 
and Bill Wimsatt for their comments on the manuscript and to Alec Kosik 
for Figures 6.4 and 6.5.



258 Mark A.  Bedau

references
Andersson, C., A. Törnberg, and P. Törnberg. 2014. “Societal Systems— Complex 

or Worse?” Futures, http:// dx.doi.org/10.1016/j.futures.2014.07.003.
Ankeny, R. A. 2012. “Detecting Themes and Variations: The Use of Cases in De-

velopmental Biology.” Philosophy of Science 79 (5): 644– 54.
Ankeny, R. A., and S. Leonelli. 2011. “What’s So Special about Model Organisms?” 

Studies in History and Philosophy of Science Part A 42 (2): 313– 23.
Arthur, W. B. 2009. The Nature of Technology: What It Is and How It Evolves. New 

York: Simon and Schuster.
Arthur, W. Brian, and Wolfgang Polak. 2006. “The Evolution of Technology 

within a Simple Computer Model.” Complexity 11 (5): 23– 31.
Basalla, George. 1988. The Evolution of Technology. Cambridge: Cambridge Uni-

versity Press.
Bedau, M. A. 2009. “The Evolution of Complexity.” In Mapping the Future of 

Biology: Evolving Concepts and Theories, edited by A. Barberousse, M. Mor-
ange, and T. Pradeu, 111– 30. Berlin: Springer.

Bedau, M. A. 2013. “Minimal Memetics and the Evolution of Patented Technol-
ogy.” Foundations of Science 18:791– 807.

Boyd, R., and P. Richerson. 1985. Culture and the Evolutionary Process. Chicago: 
University of Chicago Press.

Buchanan, Andrew, Norman H. Packard, and Mark A. Bedau. 2011. “Measuring 
the Drivers of Technological Innovation in the Patent Record.” Artificial Life 
17:109– 22.

Caporael, Linnda R., James R. Griesemer, and William C. Wimsatt. 2014. Devel-
oping Scaffolds in Evolution, Culture, and Cognition. Cambridge, Mass.: MIT 
Press.

Cavalli- Sforza, L. L., and M. W. Feldman. 1981. Cultural Transmission and Evo-
lution: A Quantitative Approach. Princeton, N.J.: Princeton University Press.

Chalmers, D., C. C. Francis, P. Pepper, and M. A. Bedau. 2010. “High- Content 
Words in Patent Records Reflect Key Innovations in the Evolution of Tech-
nology.” In Proceedings of Artificial Life XII, edited by H. Fellermann et al., 
838– 45. Cambridge, Mass.: MIT Press.

Dawkins, R. 1976. The Selfish Gene. New York: Oxford University Press.
Endersby, Jim. 2007. A Guinea Pig’s History of Biology. Cambridge, Mass.: Har-

vard University Press.
Godfrey- Smith, P. 2009. Darwinian Populations and Natural Selection. New York: 

Oxford University Press.



 Paten ted Tech nology as a Model System 259

Godfrey- Smith, P. 2012. “Darwinism and Cultural Change.” Proceedings of the 
Royal Society B 367: 2160– 70.

Griesemer, J. R., and W. C. Wimsatt. 1989. “Picturing Weismannism: A Case Study 
in Conceptual Evolution.” In What Philosophy of Biology Is, edited by M. Ruse, 
75– 137. Essays for David Hull. Dordrecht, The Netherlands: Martinus- Nijhoff.

Hall, B. H., A. B. Jaffee, and M. Trajtenberg. 2002. “The NBER Patent- Citations 
Data File: Lessons, Insights, and Methodological Tools.” Chapter 13 in Jaffe 
and Trajtenberg 2002, 403– 54.

Jaffe, A. B., and M. Trajtenberg. 2002. Patents, Citations, and Innovations: A Win-
dow on the Knowledge Economy. Cambridge, Mass.: MIT Press.

Jessup, C. M., R. Kassen, S. E. Forde, B. Kerr, A. Buckling, P. B. Rainey, and B. J. M. 
Bohannan. 2004. “Big Questions, Small Worlds: Microbial Model Systems in 
Ecology.” Trends in Ecology and Evolution 19:189– 97.

Kauffman, S. 2000. Investigations. New York: Oxford University Press.
Kerr, B., and P. Godfrey- Smith. 2009 “Generalization of the Price Equation for 

Evolutionary Change.” Evolution 63:531– 36.
Kohler, Robert E. 1994. Lords of the Fly: Drosophila Genetics and the Experimen-

tal Life. Chicago: University of Chicago Press.
Levy, A., and A. Curry. 2014. “Model Organisms Aren’t (Theoretical) Models.” 

British Journal for the Philosophy of Science 66 (2): 327– 48.
Love, Alan C. 2015. “Developmental Biology.” In The Stanford Encyclopedia of Phi-

losophy, edited by Edward N. Zalta. Fall ed. http://plato.stanford.edu/archives 
/fall2015/entries/biology-developmental/.

Love, Alan C., and M. Travisano. 2013. “Microbes Modeling Ontogeny.” Biology 
and Philosophy 28 (2): 161– 88.

Mesoudi, Alex. 2011. Cultural Evolution: How Darwinian Theory Can Explain 
 Human Culture and Synthesize the Social Sciences. Chicago: University of 
Chicago Press.

Rogers, Everett M. 2003. Diffusion of Innovation. 5th ed. New York: Free Press.
Shennon, Stephen, ed. 2009. Pattern and Process in Cultural Evolution. Berkeley: 

University of California Press.
Skusa, A., and M. A. Bedau. 2002. “Towards a Comparison of Evolutionary Cre-

ativity in Biological and Cultural Evolution.” In Artificial Life VIII, edited by 
R. Standish, M. A. Bedau, and H. A. Abbass, 233– 42. Cambridge, Mass.: MIT 
Press.

Strumsky, D., J. Lobo, and S. van der Leeuw. 2012. “Using Patent Technology 
Codes to Study Technological Change.” Economics of Innovation and New 
Technology 12:267– 86.



260 Mark A.  Bedau

Valverde, S., R. V. Solé, M. A. Bedau, and N. Packard. 2007. “Topology and Evo-
lution of Technology Innovation Networks.” Physical Review E 76:056118.1– 
056118.7.

Venturini, Tommaso, Pablo Jensen, and Bruno Latour. 2015. “Fill in the Gap: A 
New Alliance for Social and Natural Sciences.” Journal of Artificial Societies 
and Social Simulation 18 (2): 11.

Weisberg, Michael. 2013. Simulation and Similarity: Using Models to Understand 
the World. Oxford: Oxford University Press.

Wimsatt, W. C. 1987. “False Model as Means to Truer Theories.” In Neutral Mod-
els in Biology, edited by M. Nitecki and A. Hoffman, 23– 55. London: Oxford 
University Press. Reprinted in Wimsatt 2007.

Wimsatt, W. C. 2007. Re- engineering Philosophy for Limited Beings: Piecewise Ap-
proximations to Reality. Cambridge, Mass.: Harvard University Press.

Wimsatt, W. C. 2012. “The Analytic Geometry of Genetics: The Structure, Func-
tion, and Early Evolution of Punnett Squares.” Inaugural Biology Issue. Ar-
chive for the History of the Exact Sciences 37. doi:10.1007/s00407– 012– 0096– 7.

Wimsatt, W. C. 2013. “Articulating Babel: An Approach to Cultural Evolution.” 
Studies in History and Philosophy of Biological and Biomedical Sciences 
44:563– 71.

Wimsatt, W. C., and J. R. Griesemer. 2007. “Reproducing Entrenchments to 
Scaffold Culture: The Central Role of Development in Cultural Evolution.” 
In Integrating Evolution and Development: From Theory to Practice, edited 
by R. Sansom and R. N. Brandon, 227– 323. Cambridge, Mass.: MIT Press.

Ziman, John, ed. Technological Innovation as an Evolutionary Process. Cam-
bridge: Cambridge University Press, 2000.


