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Abstract

We argue that culture undergoes an evolutionary process,
analogous to biological evolution. As evidence, we analyze
the bibliographic information of all utility patents issued in
the United States from 1976 through 2007, which comprise
over three million patents. The set of issued patents is re-
garded as an evolving population. A patent is considered to
“reproduce” when it is cited by a new patent, and variability
is introduced into the population by the innovations in new
patents. We analyze patent records with statistics that quan-
tify the degree to which the population of patents is shaped
by natural selection, and we find convincing evidence of Dar-
winian evolution. Further, weighting our statistics by the
classification distance between parent and child shows that
the most fecund patents are “door-opening” technologies that
enable an especially broad range of further innovations.

Introduction
We study the evolution of technology as reflected in US
patent records. Everyone agrees that technology evolves,
but there is controversy about what this means, and espe-
cially whether the evolution of technology is “Darwinian”
in some interesting sense (Jablonka (2002); Benzon (1996)).
By Darwinian evolution, here, we mean that the process of
natural selection in a population is a significant factor in ex-
plaining how the traits in the population change over time.
Natural selection, in turn, is defined as the process by which
heritable traits that make members of a population more
likely to survive and reproduce tend to be increasingly rep-
resented in the population over time.It should be noted that
our conception of Darwinian evolution is consistent with
cultural evolution being simultaneously significantly shaped
by many non-Darwinian mechanisms, like random genetic
drift, pleiotropy, and epigenesis (Jablonka and Lamb (2005);
Sperber (1996)).

In this paper, we develop methods to address the follow-
ing two questions:

1. Does natural selection shape the evolution of technology?

2. If so, what kinds of technological innovations especially
drive its evolution?

Our aim is both to show the value of the methods, even when
applied in new settings and adapted to new contexts, and also
to investigate and learn from the first fruits of applying the
methods to patent data. In the end, our conclusions will be
two: (1) Natural selection significantly shapes the evolution
of patented technology, and (2) the statistical evidence cor-
roborates the hypothesis that so-called “door-opening” tech-
nologies have been especially important drivers of the evo-
lution of technology.

Our project applies earlier work on evolutionary activity
statistics (Bedau and Packard (1992); Bedau et al. (1997,
1998); Bedau and Brown (1999); Rechtsteiner and Bedau
(1999); Raven and Bedau (2003)) and significantly expands
and develops an earlier similar pilot project (Skusa and Be-
dau (2002); Bedau (2003)).

Patent data
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Figure 1: Number of patents issued each quarter, over the
thirty years in our database.

The patent data we mine in this experiment consists of
records of US patents issued over thirty years from 1976
through 2007. Figure 1 shows that the rate at which patents
have been issued has doubled over the past thirty years.
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Figure 2: Average number of citations made per quarter; up-
per curve includes all citations made, lower curve includes
only citations made to patents within our dataset.

In this study we focus only on a few key pieces of infor-
mation in the patent record: patent number, title, issue date,
IPC code, and references. The patent number serves by de-
sign as a unique identifier for each patent and we use it as
such.

Each US patent is assigned a handful of IPC codes by the
inventor and patent examiners at the USPTO, designed to
classify the invention. In this paper we use IPC codes to
measure the degree of similarity and dissimilarity between
two inventions. The IPC codes are also used to control for
differences in citation practices in diverse technical fields.

Each patent record is required by the USPTO to cite all of
the previous inventions on which it depends. These citations
establish an intention’s “prior art” and are compiled by both
patent examiners at the USPTO in and the inventor. Figure 2
shows a three-fold rise in the average number of citations
each patent makes over the past thirty years. Citations play
a pivotal role in our evolutionary analysis of the patent data.
We develop a precise formalism for key statistics about ci-
tations, and visualize the evolution of technology by high-
lighting the most heavily cited inventions.

Evolutionary activity
We regard the evolutionary activity of a patent as the cumu-
lative number of times other patents cite it. For patent p,
ct(p) is defined as the set of patents issued at time t that cite
p, and Ct

p as the cumulative citations to patent p up to t:

Ct
p =

t′=t∑
t′=0

∑
p′∈ct′ (p)

f t(p, p′), (1)

where f t(p, p′) is a counting function, constructed to count
contributions of citations to the cumulative sum. The sim-
plest version of a counting function is f t(p, p′) ≡ 1, in
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4723129 Bubble jet recording method and apparatus in which a heating element generates bubbles in a liquid flow path to project droplets
4683202 Process for amplifying nucleic acid sequences
4463359 Droplet generating method and apparatus thereof
4683195 Process for amplifying detecting and/or−cloning nucleic acid sequences
4740796 Bubble jet recording method and apparatus in which a heating element generates bubbles in multiple liquid flow paths to project droplets
4558333 Liquid jet recording head
4345262 Ink jet recording method
4313124 Liquid jet recording process and liquid jet recording head
4459600 Liquid jet recording device
4733665 Expandable intraluminal graft, and method and apparatus for implanting an expandable intraluminal graft
5103459 System and method for generating signal waveforms in a CDMA cellular telephone system
5572643 Web browser with dynamic display of information objects during linking
4901307 Spread spectrum multiple access communication system using satellite or terrestrial repeaters
5143854 Large scale photolithographic solid phase synthesis of polypeptides and receptor binding screening thereof
4655771 Prosthesis comprising an expansible or contractile tubular body
4340563 Method for forming nonwoven webs
4776337 Expandable intraluminal graft, and method and apparatus for implanting an expandable intraluminal graft
5643826 Method for manufacturing a semiconductor device
4608577 Ink−belt bubble propulsion printer
5742905 Personal communications internetworking

Figure 3: The cumulative number of citations as a function
of time. Each curve represents citations accumulated by a
particular patent. Only the top 100 patents are shown. Patent
numbers and titles are printed in the same color as the cor-
responding citation curve.

which case each citation in ct(p) is counted with equal
weight. For this case, Ct

p is illustrated in Figure 3. The
counting function f t(p, p′) may be crafted to emphasize or
de-emphasize different aspects of the population, as dis-
cussed below.

In Figure 3, we overlay the patent number and title for the
twenty most heavily cited patents in our dataset. In this and
all subsequent plots, we color the citation waves as follows:
Top inkjet printing patents are blue, top polymerase chain
reaction (PCR) patents are red, and the top stents patent is
green. All other patents are colored various shades of gray.
We focus on inkjet printing, PCR, and stents because all
of the ten most heavily cited patents in Figure 3, by a sig-
nificant margin, are innovations in one of those three areas
of technology. Later in this paper we consider what makes
those three technologies so fecund.

The average behavior of Ct
p, obtained by averaging over

all patents issued at each new time t is illustrated in Figure 4
(the time resolution is quarterly). Notice that the curves are
roughly straight lines, indicating that patents continue to re-
ceive citations at roughly the same rate over their life in the
database. Notice also that the slopes of the lines increase
through the first two decades of in our data and then level
off.

Shadow models
In order to determine which aspects of the patent data might
be shaped by natural selection, we construct a “shadow
patent” system. Shadow patents and real patents exhibit
many of the same statistics, by construction. If a real patent
is issued, then so is a shadow patent, and if a real patent
makes a citation, then so does a shadow patent. Thus,
by construction, Figures 1 and 2 are identical for real and
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Figure 4: Average number of citations per quarter. Each
curve represents the cumulative sum of the citations received
of all patents issued in a given quarter.

shadow patents.
However, the same does not necessarily hold for Figure 3.

When shadow patents choose which patents to cite, they
do so randomly and with equal probability from the pool
of earlier patents. To test the hypothesis that heavily cited
real patents are heavily cited just by chance (given the num-
ber of patents being issued and the number of citations be-
ing made), we simulate shadow patents and observe typi-
cal maximal citation levels. If the most cited real patents
have significantly more citations that the most cited shadow
patent, then the real citation levels are not statistical fluctua-
tions.

Figure 5 shows the cumulative citations of the most heav-
ily cited shadow patents issued each quarter. Comparison
of the y-axis in Figures 3 and 5 shows that heavily cited
real patents get orders of magnitude more citations than any
shadow patent. We conclude that the striking fecundity of
heavily cited patents is no accident. It is not mere noise.
Rather, there must be something special about the meaning
or content of heavily cited patents that makes them so fe-
cund.

Super star patents
The significant rise of evolutionary activity, measured by
raw cumulative citation counts Ct

p, over shadow model ac-
tivity is itself evidence of the process of Darwinian evolu-
tion, driven by selection of the fittest.

Further insight may be gained by examining particular
high-fitness patents, to create narratives that may contribute
to our intuition about the evolutionary process. Studying
the patents in Figure 3 reveals that the most heavily cited
patents typically involve one of the following three innova-
tions: inkjet printing, PCR, and stents.

Inkjet printing: The Japanese company, Canon, holds a
spate of patents on inkjet printing that have been very heav-
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Figure 5: The cumulative number of citations of the most
heavily cited patents issued each quarter in a shadow patent
model (see text).

ily cited. Although originally developed for putting ink on
paper, the fundamental innovation behind inkjet printing ac-
tually involves the ability to extremely precisely position ex-
tremely small bits of matter (“ink”). Beside traditional inks,
for the original printing applications, the printed materials
now also include skin cells (so skin grafts can be printed),
DNA or RNA primers (on microarray chips), and metals.
Depositing successive layers of materials means that we can
print certain arbitrary three dimensional structures. One now
reads about inkjet printing technology being used to print
batteries, clocks and flexible video screens, among other
things.

PCR: Polymerase chain reaction is one of the corner-
stones of contemporary biotechnology. Patented (number
4683202) in 1987 by Kary Mullis of Cetus Corporation (one
of the first biotech firms), PCR makes it possible to rapidly
make millions of copies of an arbitrary DNA sequence. This
method has been extensively modified to achieve many dif-
ferent kinds of genetic manipulations. It is now a funda-
mental tool in a wide range of biotech applications. In 1993
Mullis received the Nobel Prize in Chemistry for his work
on PCR.

Stents: Stents are man-made tubes that are used to hold
open conduits in the body, such as coronary arteries partially
occluded with plaque. In 1986 Julio Palmaz patented a stent
that could be expanded within a blood vessel by an inserted
angioplasty balloon. This procedure allows some blocked
coronary arteries to be repaired without open-heart surgery,
allowing much simpler and safer treatment. Citations to this
patent indicate that it opened the door to a wide range of
minimally invasive blood vessel therapies. Stents have been
in the news recently because of patent litigation between
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Boston Scientific and Johnson and Johnson, and because of
controversy about the merits of drug-coated stents.

Eliminating data biases and artifacts
The definition of evolutionary activity in terms of the raw
cumulative citation counts Ct

p as described above may suf-
fer from artifacts in the data that are not related to evolu-
tionary selection of the fittest, which effect evolutionary ac-
tivity aims to capture. This leads to variations in the defini-
tion of activity, obtained by modifying Ct

p to counter these
effects through a process of normalization. The canonical
way in which Ct

p will be modified is through the definition
of the counting function f t(p, p′). We will see how modi-
fied counting functions will enable biases and artifacts to be
compensated for explicitly. Generally, these modifications
may contain a parameter that must be chosen for a certain
level of compensation; for this reason these modified count-
ing functions may be regarded as heuristic, rather than fun-
damental.

A simple example of such an artifact is evident from Fig-
ure 2, in which the number of citations grows with time.
This leads us to expect that patents issued later would ac-
cumulate citations more rapidly than patents issued earlier.
Patents are more likely to cite (relatively) recent patents, and
over time the number of citations made increases, thus favor-
ing later patents.

A normalization to adjust for this effect uses the counting
function

f t
rate =

Rt′/N t′

Rt/N t
, (2)

where N t is the total number of patents issued at time t,
and Rt is the total number of citations made by patents is-
sued at t, and t′ is the (arbitrary) baseline time point in the
dataset. The total number of citations made must be equal to
the total received so

∑
t

∑
pR

t
p =

∑
t

∑
p C

t
p. The effect

of this normalization is to value all citations in terms of the
baseline citation rate, similar to adjusting historical prices
for inflation. Because patents at the beginning of the dataset
make one third as many citations as those at the end, their
citations are given three times as much weight. Then, the
adjusted cumulative citation sum, Ct

rate p, is computed from
equation (1) using f t(p, p′) ≡ f t

rate.
The dynamics of Ct

rate p is illustrated in Figure 6. No-
tice that this normalization significantly boosts the citation
counts for earlier patents, as expected. Notice also that the
same ten patents involving inkjet printing, PCR, and stents
still occupy the top ten positions in the graph. Thus, al-
though normalizing by prior expected probability of being
cited does significantly change which patents are judged to
be technology super stars, the narrative of technology evolu-
tion being most strongly driven by innovation in inkjet print-
ing, PCR, and stents.

Different IPC classifications are known to have average
citation rates that vary by orders of magnitude. These
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4723129 Bubble jet recording method and apparatus in which a heating element generates bubbles in a liquid flow path to project droplets
4463359 Droplet generating method and apparatus thereof
4683202 Process for amplifying nucleic acid sequences
4740796 Bubble jet recording method and apparatus in which a heating element generates bubbles in multiple liquid flow paths to project droplets
4558333 Liquid jet recording head
4345262 Ink jet recording method
4683195 Process for amplifying detecting and/or−cloning nucleic acid sequences
4313124 Liquid jet recording process and liquid jet recording head
4459600 Liquid jet recording device
4733665 Expandable intraluminal graft, and method and apparatus for implanting an expandable intraluminal graft
5103459 System and method for generating signal waveforms in a CDMA cellular telephone system
3953566 Process for producing porous products
4901307 Spread spectrum multiple access communication system using satellite or terrestrial repeaters
4655771 Prosthesis comprising an expansible or contractile tubular body
5572643 Web browser with dynamic display of information objects during linking
4340563 Method for forming nonwoven webs
5143854 Large scale photolithographic solid phase synthesis of polypeptides and receptor binding screening thereof
4776337 Expandable intraluminal graft, and method and apparatus for implanting an expandable intraluminal graft
4100324 Nonwoven fabric and method of producing same
4608577 Ink−belt bubble propulsion printer

Figure 6: Normalization by relative rate of citation due to
changes in the number of citations that are being given over
time. Activity is valued in terms of most recent citation
rates.

skewed IPC citation distributions might be thought to create
further artifacts in our cumulative citation statistics. We can
test that hypothesis by introducing a new counting function,
fIPC, to normalize by the mean number of citations made by
patents in a given category.

The IPC classification of a patent has five levels, I(p) =
(c1, ..., c5), where each ci may be thought of as an integer
labeling different categories. So, to define the new counting
function, we first define the categories of interest to be all
possible values of the first two category coordinates, c =
(c1, c2). The total number of citations made by patents in
the category at time t is

Rt
c =

∑
p′∈p

r(p′)δ(c1 − I(p′)1)δ(c2 − I(p′)2),

where δ(x) = 1 if x = 0 and 0 otherwise and r(p′) is the
number of citations made by p′. So we can define fIPC to be
a function that depends only on the citing patent:

f t
IPC(p′) =

∑
c

Rt′

c /N
t′

c

Rt
c/N

t
c

δ(c1− I(p′)1)δ(c2− I(p′)2). (3)

E.g., a patent in category A01 issued in 1976 has its outgoing
citations doubled in weight because A01 patents issued in
1976 made half as many citations on average as B02 patents
from 2007 (chosen as the arbitrary baseline rate). In this
way the contributions to evolutionary activity of different
categories and different times are equalized.

Figure 7 shows a plot of Ct
IPC p, defined by equation

(1), with f t(p, p′) ≡ f t
IPC(p′). This figure shows that the

skewed IPC citation distribution strongly affects the cumu-
lative citation values. Comparison with Figure 6 shows that
the cumulative citations for PCR (red) patents have been sig-
nificantly raised, while those for inkjet printing (blue) have
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been significantly lowered, as have stent patents (green).
Nevertheless, those same three narratives still play a dom-
inant role in driving technological innovations.
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4683202 Process for amplifying nucleic acid sequences
4683195 Process for amplifying detecting and/or−cloning nucleic acid sequences
4723129 Bubble jet recording method and apparatus in which a heating element generates bubbles in a liquid flow path to project droplets
4463359 Droplet generating method and apparatus thereof
4740796 Bubble jet recording method and apparatus in which a heating element generates bubbles in multiple liquid flow paths to project droplets
4558333 Liquid jet recording head
4345262 Ink jet recording method
4313124 Liquid jet recording process and liquid jet recording head
4459600 Liquid jet recording device
4965188 Process for amplifying, detecting, and/or cloning nucleic acid sequences using a thermostable enzyme
5103459 System and method for generating signal waveforms in a CDMA cellular telephone system
5143854 Large scale photolithographic solid phase synthesis of polypeptides and receptor binding screening thereof
4358535 Specific DNA probes in diagnostic microbiology
3953566 Process for producing porous products
4901307 Spread spectrum multiple access communication system using satellite or terrestrial repeaters
4816567 Recombinant immunoglobin preparations
4733665 Expandable intraluminal graft, and method and apparatus for implanting an expandable intraluminal graft
4800159 Process for amplifying, detecting, and/or cloning nucleic acid sequences
4376110 Immunometric assays using monoclonal antibodies
5572643 Web browser with dynamic display of information objects during linking

Figure 7: Normalization by mean outgoing citation rate for
individual IPC categories (first two levels). This rate varies
over time. Contribution to activity is weighted based on the
mean number of citations made by patents in that (level 2)
category at that time.

Another important effect present in the data is that some
patents are cited by subsequent patents that are closely re-
lated, and that often have the same assignee. We refer to this
as “self-citation” because of the effective redundancy. It is
not surprising that citation counts can become inflated due to
self-citations; if a company makes an innovation, it is mo-
tivated to build on that innovation and to patent further de-
velopments. However, this might create an artificially large
citation count for some patents that all derive from the same
source. A simple normalization to adjust for this effect uses
a counting function that discounts self-citations, as follows:

fself(p, p′) =
{
α if p and p′ have the same assignee
1 otherwise

with α < 1. Then, the adjusted cumulative citation sum,
Ct

self(p,p′), is computed from equation (1) using f t(p, p′) ≡
frate(p, p′)fself(p, p′), where we include normalization with
respect to changing mean citation rates, as described above
for f t

rate.
Figure 8 shows a plot of Ct

self(p, p
′) for α = 0.33 (other

values of α produce similar results). This normalization
reshuffles the relative impact of the top patents. One ef-
fect is the dramatic drop in inkjet printing patents (blue).
Those patents cover inventions developed at Canon, and nu-
merous subsequent Canon patents cite their earlier inven-
tions as prior art. However, relatively few other groups cite
Canon’s inkjet printing patents. By contrast, the PCR and
stent patents virtually unaffected in both relative and abso-
lute terms.
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4683202 Process for amplifying nucleic acid sequences
4683195 Process for amplifying detecting and/or−cloning nucleic acid sequences
4733665 Expandable intraluminal graft, and method and apparatus for implanting an expandable intraluminal graft
5103459 System and method for generating signal waveforms in a CDMA cellular telephone system
4655771 Prosthesis comprising an expansible or contractile tubular body
4901307 Spread spectrum multiple access communication system using satellite or terrestrial repeaters
5572643 Web browser with dynamic display of information objects during linking
4723129 Bubble jet recording method and apparatus in which a heating element generates bubbles in a liquid flow path to project droplets
4463359 Droplet generating method and apparatus thereof
5143854 Large scale photolithographic solid phase synthesis of polypeptides and receptor binding screening thereof
4776337 Expandable intraluminal graft, and method and apparatus for implanting an expandable intraluminal graft
3953566 Process for producing porous products
4608577 Ink−belt bubble propulsion printer
4367924 Chiral smectic C or H liquid crystal electro−optical device
4503569 Transluminally placed expandable graft prosthesis
4340563 Method for forming nonwoven webs
4580568 Percutaneous endovascular stent and method for insertion thereof
4558333 Liquid jet recording head
5056109 Method and apparatus for controlling transmission power in a CDMA cellular mobile telephone system
4965188 Process for amplifying, detecting, and/or cloning nucleic acid sequences using a thermostable enzyme

Figure 8: Discounting for self-citations. Notice that the
ranking of superstar patents significantly changes, but PCR
(red), inkjet printing (blue), and stents (green) remain super-
stars.

We may combine any or all these normalizations, aiming
to obtain the cleanest possible picture of which technologies
most strongly drive innovation in the evolution of technol-
ogy. When we do so, we see that the three top stories (PCR,
inkjet printing, and stents) remain dominant among the most
fecund technologies. It is striking that, while our efforts to
reduce artifacts in cumulative citation counts does signifi-
cantly change the relative ranking of our stories, the same
stories consistently remain significant.

Door-opening innovations
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4683202 Process for amplifying nucleic acid sequences
4340563 Method for forming nonwoven webs
4723129 Bubble jet recording method and apparatus in which a heating element generates bubbles in a liquid flow path to project droplets
4100324 Nonwoven fabric and method of producing same
3953566 Process for producing porous products
4683195 Process for amplifying detecting and/or−cloning nucleic acid sequences
5143854 Large scale photolithographic solid phase synthesis of polypeptides and receptor binding screening thereof
5272236 Elastic substantially linear olefin polymers
4740796 Bubble jet recording method and apparatus in which a heating element generates bubbles in multiple liquid flow paths to project droplets
5608786 Unifi messag system and method
4413725 Potted plant package
4733521 Cover forming apparatus
4663220 Polyolefin−contain extrud composit and method for their format into elastomer product includ microfib
4463359 Droplet generating method and apparatus thereof
4333267 Protect sleev for plant
4916441 Portabl handheld termin
4558333 Liquid jet recording head
4706121 TV schedul system and process
4345262 Ink jet recording method
4313124 Liquid jet recording process and liquid jet recording head

Figure 9: Weighting citation counts by the exponential of
IPC distance, so that citations by patents in distant IPC cat-
egories count much more. This rewards door-opening inno-
vations and penalizes innovations that merely spur further
innovations of the same type.

A crucial aspect of biological evolution seems to be the
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ability of biological innovations to “open doors” to entire
new universes of innovation, e.g., through the creation of
new modes of interaction and new ecological niches, on all
scales from molecular to macro-population. Door-opening
innovations contrast with inventions that represent “incre-
mental progress,” in which new innovations have similar
IPC classifications to their ancestors. We may ask if door-
opening innovations are important players in the evolution
of the patent population.

Our cumulative citation statistics may be modified to ad-
dress the question of how and whether door-opening patents
are present in the dataset, and in particular, whether they are
present in the stars that emerge. The modification to address
this question takes substantially the same form as the modi-
fications discussed above for eliminating biases and artifacts
in the data: define a new counting function that emphasizes,
or accentuates the property being investigated. Such use of a
counting function is heuristic, in the sense that there is typ-
ically not a fundamental formulation, but rather a range of
possibilities, corresponding to the testing of a range of dif-
ferent hypotheses.

To formulate the question quantitatively, we use IPC cat-
egories to quantify the evolutionary impact of a patent in
terms of the breadth of different kinds of patents that cite
it. The intuition is that if a patent is cited by patents from
very similar IPC categories, then it has relatively narrow im-
pact. By contrast, if a patent is cited by patents in radically
different IPC categories, then is has a much broader impact
and is opening doors to more kinds of innovations. This
intuition may be quantified by weighting the citation count
more heavily for more distant IPC categories.

Specifically, if I(p) is the IPC vector (c1, ..., c5), with c1
being the coarsest grain IPC resolution, and c5 being the
finest grain resolution, we define the IPC distance between
two patents as

dIPC = 5− nIPC,

where nIPC is the maximum integer such that I(p)i = I(p′)i

for all i ≤ nIPC. Then we may create a counting function
that weights by this distance, exponentiating it to emphasize
the effect:

f t′

IPCd(p, p′) = 2dIPC . (4)

Now, we can compute Ct
IPCd p from equation (1), using

f t(p, p′) ≡ f t
IPCd(p, p′).

A plot ofCt
IPCd p is shown in Figure 9. Note that PCR and

inkjet printing remain significant innovations, indicating that
they are all likely to be door-opening innovations. The argu-
ment is this: If those inventions were not door-opening but
instead represented incremental progress, then weighting by
IPC distance would drastically lower their relative citation
levels. But instead those patents remain superstars. So, they
must be door-opening.

Stents do not appear among the top hundred patents with
this weighting. This suggests that while significant, stents

are not door-opening to the extent that inkjet printing and
PCR are. Intuitively this makes sense, stents are a more spe-
cialized type of invention. The difference between stents and
the other superstars is also apparent in other normalizations
where it trails the other superstars.

Conclusion

Our results show that technology undergoes a Darwinian
evolutionary process, analogous to biological evolution. The
set of issued patents can be viewed as an evolving popula-
tion of “organisms” that reproduce when they are cited by
later inventions. In the end, we can treat an invention’s fe-
cundity (evolutionary activity) as its fitness, for its fecundity
directly measures the patent’s impact on the composition of
future populations.

We interpret cumulative citation count as evolutionary ac-
tivity, that is, as direct evidence of the dynamics being pro-
duced by a Darwinian evolutionary process driven by dif-
ferential selection. The dramatically high citation counts for
the most cited patents show that high fecundity cannot be ex-
plained merely as a statistical fluctuation. This comparison
with a no-selection null hypothesis embodied in the shadow
patents is convincing evidence for Darwinian evolution of
technology.

In addition to the population-level conclusion based on
cumulative citation rates across the entire population of
patents, the conclusion is reinforced by examining individ-
ual patents that are “stars,” in the sense that they have ex-
ceptionally high numbers of citations. The narratives for the
star patents are intuitively consistent with the interpretation
of the patent population as undergoing Darwinian evolution.

The cumulative citation count on which this conclusion
is based can be adjusted, to account for biases inherent in
the data. We have discussed various such adjustments, and
we find that the evidence for Darwinian evolution is consis-
tently and strongly present over all versions of adjustments
we have examined. The decisions for making the adjust-
ments are delicate, and can have a substantial effect on the
particular patents that emerge as stars, and on the narratives
that accompany them. Some of the difficulties are inherent
in the data, e.g., its finiteness, and consequently the absence
of citations to the latest patents in the dataset.

Further, heuristic adjustments to our cumulative citation
count statistics may be made to emphasize or uncover cer-
tain structure in the data. We have used one such adjustment,
exponential boost of citations that cross IPC boundaries,
to discover which patents appear to be issued for “door-
opening” technologies, i.e., those that enable a broad range
of further kinds innovations in areas different from the orig-
inal area the patent was issued in. Applying these statistics
largely corroborates the hypothesis that the patent superstars
are door-opening technologies.
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