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“It is naturally to be expected, therefore, that some one or other of those who are employed in each
particular branch of labour should soon find out easier and readier methods of performing their
own particular work, whenever the nature of it admits of such improvement.”

-Adam Smith (1776)

“Learning is the product of experience. Learning can only take place through the attempt to solve
a problem and therefore only takes place during activity.”

-Kenneth Arrow (1962)

The advance of medical technology underlies both the costs (Newhouse, 1992; Chan-
dra and Skinner, 2012) and benefits (Cutler and McClellan, 2001; Cutler, Rosen, and
Vijan, 2006; Murphy and Topel, 2003) of modern medicine. The economics literature
says little, however, about the processes through which these advances occur. Research
on medical equipment and devices speaks more directly to the causes of diffusion across
providers than to the sources of development.® Studies of medical innovation’s causes
have focused primarily on pharmaceuticals.?

The development of medical equipment is conceptually quite distinct from the de-
velopment of pharmaceuticals. Pharmaceuticals are associated with the labors of large

enterprises attuned to global markets. By contrast, much medical-equipment innovation

'Several recent papers address the responsiveness of technology adoption to the incentives created by
insurance arrangement (Acemoglu and Finkelstein, 2008; Clemens and Gottlieb, Forthcoming; Freedman,
Lin, and Simon, 2012). Baicker and Goldman (2011) provide an overview of equally relevant research on
the demand side effects of insurance, which includes notable papers by Manning et al. (1987), Finkelstein
et al. (2012), and Finkelstein (2007).

2In the tradition of directed technical change (Acemoglu, 1998), several interesting sources of vari-
ation in potential market size have been linked to research and development efforts in the context of
pharmaceuticals. These sources include inoculation policy (Finkelstein, 2004), shifts in population demo-
graphics (Acemoglu and Linn, 2004), variation in willingness to pay (De Mouzon, Dubois, Scott Morton,
and Seabright, 2011), the introduction of Medicare Part D (Blume-Kohout and Sood, 2008), and variation
in effective patent life driven by the difficulty of establishing a treatment’s efficacy (Budish, Roin, and
Williams, 2013). In the environmental context, several studies have linked increases in energy prices to
quickened development of energy-saving innovations (Jaffe, Trajtenberg, and Romer, 2005; Popp, 2002;
Aghion, Dechezleprétre, Hemous, Martin, and Van Reenen, 2012).



has local foundations. While patients self administer most medications, medical equip-
ment must integrate into procedures performed by practitioners. Historical case studies
tind that these practitioners are essential to the innovative process (Roberts, 1988).

In Section 2 I model the empirically relevant content of medical innovation’s dis-
tinguishing characteristics. The model first emphasizes that capitalizing on innovation
requires clearing regulatory barriers and integrating into existing styles of medical prac-
tice. These hurdles point to a role for national markets; familiarity with regulators
and physicians’ practice norms improves an innovator’s odds of successfully integrat-
ing into a market. Second, I emphasize the importance of local patient demand. In the
spirit of Arrow (1962), the productivity of innovative effort depends on physicians’ ex-
perience working with technologies at the existing frontier. This innovating-while-doing
phenomenon links innovation to local flows of comprehensively insured patients. All
factors considered, the model shows how insurance arrangements may influence inno-
vation through global, national, and relatively local channels.

I investigate medical innovation’s determinants by estimating the effect of the Great
Society health programs on patenting activity. I first find that, following Medicare and
Medicaid’s introduction, U.S.-based medical-equipment patenting increased by 40 to 50
percent more than both other U.S. patenting and foreign medical-equipment patenting
(see Section 4). The occurrence of such a large, differential increase in patenting activity
implies central roles for medical innovation’s national and local determinants. This core
result is robust to a range of methods for controlling for more general, U.S.-specific

trends towards health-sector innovation.3

3In addition to standard robustness exercises, this includes confirmation of Acemoglu, Cutler, Finkel-
stein, and Linn’s (2006) finding that Medicare and Medicaid had no effect on pharmaceutical innovation.
Medicare and Medicaid’s coverage of pharmaceuticals was limited in these programs’ early years, al-
lowing estimates of their effect on pharmaceutical patenting to function as placebo test. Ordinary least
squares regression models, count models, and a synthetic control framework (Abadie and Gardeazabal,
2003; Abadie and Hainmueller, 2010) deliver consistent results.



I assess the relevance of relatively local factors by analyzing variation in the increases
in medical innovation that occurred within the United States. The evidence points to
an important role for innovation-while-doing. I find that expansions in U.S. medical-
equipment patenting were largest where there were large baseline numbers of physi-
cians per capita and large Medicare- and Medicaid-induced insurance expansions (see
Section 5). Furthermore, these local factors most strongly predict increases in patents
for which innovation-while-doing is most plausibly relevant. This most prominently
includes patents associated with surgery, a vocation in which mastery is tightly linked
to experience (Chandra and Staiger, 2007). Local factors do not predict shifts towards
patenting in diagnostic imaging equipment, which is more closely linked to the efforts
of large-scale manufacturers.*

The paper’s remaining analysis considers the influence of U.S. insurance expansions
on long-run trends in innovation and health expenditures. By quantifying local and na-
tional mechanisms through which insurance expansions operate, the analysis can place
a lower bound on the total effect of insurance expansions on medical innovation.> The
distance between the estimated bound and the total impact depends primarily on the
extent to which foreign innovators responded to the markets created by Medicare and
Medicaid. The evolution of health-sector patenting across sub-groups of foreign coun-
tries provides suggestive evidence on the importance of foreign-innovator responses.
I find that the spread between the growth of U.S.-based medical-equipment patenting
and foreign medical-equipment patenting becomes increasingly large as I restrict the
sample of foreign countries to those more culturally removed from the United States.

Health-sector patenting in non-European, non-English speaking countries may provide

4] thank Loren Baker for suggesting this division of the data.

5Movement of physicians across countries could shift the bound in the opposite direction; if relevant,
the observed expansion in U.S.-based medical innovation would capture substitution across space in ad-
dition to any aggregate increase. This seems unlikely, however, on the horizon over which the observed
effects unfold.



the most reasonable counterfactual for estimating the total effect of U.S. insurance ex-
pansions. Extrapolating to more recent years, I estimate that U.S. insurance expansions
increased U.S.-based medical-equipment patenting by around 50 percent. This increase
accounts for 25 percent of recent global medical-equipment innovation.

Accounting decompositions of health spending typically attribute two-thirds of long
run growth to the development of new technologies (Newhouse, 1992; Chandra and
Skinner, 2012). I conclude by using my estimates to decompose technology’s contribu-
tion into an insurance-induced component and a counterfactual component. Weisbrod
(1991) emphasizes that insurance can create incentives for innovation focused primarily
on either quality enhancement (without regard for cost) or on cost reduction (at a given
level of quality). The predominance of fee-for-service reimbursements over the time pe-
riod under study makes insurance-induced innovation a potentially important driver of
rising costs. I estimate that the effect of U.S. insurance arrangements on medical innova-
tion accounts for around 15 percent of the rise in U.S. spending in hospitals, physicians’

offices and other clinical settings over the last half century.

1 U.S. Insurance Expansions and the Markets for Medical
Technologies

This section characterizes the effect of the mid-to-late 2oth century rise of U.S. health
insurance on consumer exposure to out-of-pocket costs. With the insurance of this era
primarily involving cost-plus, fee-for-service reimbursement for providers, these expan-
sions can be viewed as unambiguous increases in the ranks of comprehensively insured
patients and in the size of U.S. markets for new health care technologies. As empha-
sized in the following section, it is particularly relevant that U.S. physicians are well

reimbursed for engaging with treatments at the technological frontier.
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In parallel with the later empirical analysis, I consider consumer exposure to the
costs associated with hospitals and physicians” offices separately from their exposure to
the cost of prescription drugs. Panel A of Figure 1 shows the fraction of spending at
hospitals and physicians’ offices that consumers paid out of pocket from 1960 to 1980.6
It also reports the percentage change in this share from 1960 to each of the subsequent
years. The implementation of Medicare and Medicaid resulted in a large, nearly imme-
diate decline in this share, by 40 percent, from 1965 to 1967. By 1970 it had declined by
more than 50 percent. Declines continued over subsequent years, approaching go per-
cent by 1980, in part reflecting the expansion of Medicaid to the disabled and to those
on Supplemental Security Income in 1972.

Panel B reports series similar to those in Panel A, but for consumer exposure to the
cost of prescription drugs. The percent change in the out-of-pocket share for prescription
drugs is much smaller than it was for spending at hospitals and in physicians’ offices.
The change approaches a 25 percent reduction by 1980, with a reduction of less than
15 percent from 1960 to 1970. By as late as 1980, consumers remained exposed to an
average of 70 percent of the cost of their prescription drugs.

Panels C and D report the same series as Panels A and B, but for the period extending
from 1980 to 2005. This period saw substantial declines, in percent terms, in exposure
to the cost of health spending in both of the relevant environments. The out-of-pocket
share for spending in hospitals and physicians’ offices declined from an already low
base of 15 cents on the dollar to roughly 5 cents on the dollar. For prescription drugs,
the out-of-pocket share declined from around 7o cents on the dollar to 25 cents on the

dollar, with the most dramatic movement taking place during the early 1990s.

®This section’s figures were constructed using data on total and out-of-pocket health spending from
the National Health Expenditure accounts reported by the Centers for Medicare and Medicaid Services
(CMS).



2 Implications of Market Size and Innovation-While-Doing

for Medical Innovation

2.1 What We Know About Medical Innovation

This section presents a model of medical innovation that both motivates and is ex-
plored by the later empirical analysis. The model draws on an existing literature on the
innovative process in the medical-equipment sector. Highlighting crucial distinctions
between medical-equipment and pharmaceutical innovation, Roberts (1988) summarizes

the relevant literature as follows:

[My] personal experience, supported by the few relevant studies on inno-
vation, indicates that... innovation in medical devices is usually based on
engineering problem solving by individuals or small firms, is often incremen-
tal rather than radical, seldom depends on the results of long-term research
in the basic sciences, and generally does not reflect the recent generation of
fundamental new knowledge. It is a very different endeavor from drug inno-

vation, indeed.

The research referenced by Roberts includes several studies by Shaw (1985, 1986,
1991). In a sample of 34 medical-equipment innovations, Shaw finds that just over half
(18) stemmed from physician-produced prototypes while an additional third (11) in-
volved direct transfer of an initial idea from a physician to a manufacturer.” Shaw (1986)
further reports that two-thirds of these innovations were ultimately developed through

4

a process of “multiple and continuous user-manufacturer interaction.” The extensive-

ness of local insurance coverage, which determines physicians’ incentives to work at

7In these studies, physicians were thus at minimum responsible for idea generation in more than 8o
percent of the innovations.



the frontier of existing technologies, thus exerts significant influence over the innovative
process.

Von Hippel (1976) finds a similar phenomenon of “user dominated innovation” in
studies of innovation in scientific instruments. His analysis considered major innovations
in Gas Chromatography, Nuclear Magnetic Resonance Spectrometry, Ultraviolet Spec-
trophotometry, and Transmission Electron Microscopes. Across these areas, Von Hippel
(1976) finds that 8o percent of major innovations were due predominantly to the efforts of
practitioners rather than manufacturers.® For present purposes, innovation in scientific
instruments speaks most directly to innovation in diagnostic imaging equipment. While
the presence of patients is less central here than in the context of surgical equipment,

national market factors remain quite relevant.

2.2 A Model of Innovation by Entrepreneurial Physicians

Suppose that devotion of effort towards innovation involves a binary choice on the
part of physicians. They differ in terms of a physician-specific cost of engaging in such
effort, c;, distributed according to pdf g(c) with full support on the interval [c,¢]. The
benefit of attempting to innovate depends on the size of the markets new innovations
can reach and on their probability of successfully reaching them. Market size is driven
by the number of comprehensively insured patients, D, and by the potential revenues
associated with each patient, R.

The probability of successful innovation has two components. First, the physician
must have a potentially patentable idea. To capture the importance of “innovation while

doing,” the arrival rate for patentable ideas, 6, is an increasing, concave, differentiable

8Recent case studies of “radical innovation projects” in medical equipment technology by Lettl, Her-
statt, and Gemuenden (2006) find a similar pattern of practitioner dominance. Other recent studies in the
relevant literature include Chatterji, Fabrizio, Mitchell, and Schulman (2008) and Chatterji and Fabrizio
(2011).



function of the number of well-insured patients per physician, %z, where N is the number
of physicians and the subscript s is associated with a particular state (or other geographic
region).? Second, after an idea arrives it must be successfully brought to market. This
process faces multiple hurdles, including country-specific regulators like the FDA and
the need for the idea to successfully integrate into physicians’ practice styles. These
issues point to potential differences in the probability that innovations by U.S.-based
and foreign physicians will successfully reach U.S. markets. I describe these probabilities
as AUSUS and AFUS with AUSUS > AFUS indicating that U.S.-based innovators have a
higher probability of successfully tapping U.S. markets than do foreign innovators.
Bringing the above factors together, the expected benefit of innovation to a U.S.-based
physician in state s is 6(§)W, where W = AUSUSDUSRUS - \USFDFRF - Physician i
attempts innovation if ¢; < ¢* = 9(%)W, which is true for fraction p = | ; ) g(c)dc of

physicians. Expected innovation in state s, normalized into per capita terms, is thus:

psNst (%ﬁ)
=P (1)
OP-s
This paper is primarily concerned with the effect of U.S. insurance expansions on the
course of medical innovation. A U.S. insurance expansion can be described by a differ-

ential change in DY of which fraction ps occurs in state s. The effect of the insurance

expansion on expected innovation in state s is:

dI, dp, N D N; ., Ds, ps
— = o' (Zs\Fs
DU ~ aDGPop 0N, T Phopt (N Ny @)

J/

New Entry Into Innovation ~ Change in Incumbent Productivity

9Regarding the concavity of the innovation-while-doing curve, Arrow (1962) writes “A second gen-
eralization that can be gleaned from many of the classic learning experiments is that learning associated
with repetition of essentially the same problem is subject to sharply diminishing returns.” The relevance
of patient flows creates a conceptual link between this paper’s emphasis on innovation-while-doing and
Malani and Philipson’s (2011) analysis of the availability of participants in clinical trials.

10



where d‘i)% = g[@(%))\us'us RYS 4 ¢’ (%)%W]FO The change in innovation can be writ-

ten more completely as:

dls ususpus_Ns g0 80'ps WO | psb'ps
= gA"7 P R¥Y ——0 .
apus — & Pop., T Pop., i Pop., G)
Market g&e Effect Innovation-W}:ﬁe-Doing Effect

The first term of the above expression can be characterized as a pure market-size effect;
higher potential revenues induce more entry into innovation. The latter two terms reflect
changes associated with innovation-while-doing. The first of these captures the portion
of entry into innovation that is driven by the rise in productivity associated with the
increase in the number of well-insured patients per physician. The second piece captures
a rise in the productivity of incumbent physician innovators.

To compare changes in the United States to those abroad, note first that ps = 0 for
foreign physicians. For ease of comparison, momentarily consider a U.S. state and for-
eign country for which baseline N;, population, 9(%), and the local value of the density,
g, are the same. This simplifies the differential effect of a U.S. insurance expansion on

innovation in U.S. state s relative to the foreign country f to:

N, 0'0s W6 o’
— [A\USUS _ \FUS|,gUS _Ns g2 8Y Ps Psv ps
Aoy =1 Is Pop. * Pop., + Pop., @

S

N

Differential Market Size Effect Tnnovation-While-Doing Effect
The differential has two components. First, it includes a differential market-size effect
driven by differences in the probability of successfully reaching U.S. markets (the A
terms). Second, the differential includes the entire innovation-while-doing effect. Sec-
tion 4 presents estimates of this differential effect of U.S. insurance expansions on U.S.

medical innovation relative to foreign medical innovation.

°The analysis implicitly takes place within a short-to-medium run over which the supply of physicians,
N, is fixed.

11



The model also has implications for variation in the size of the effect of U.S. insurance
expansions on innovation across regions of the United States. Looking back to equation
(3), there are two comparative statics of interest. First, changes in medical-equipment

innovation are unambiguously increasing in the extent to which an insurance expansion

A2,

affects coverage in each state: ——yz’— s

> 0. The local impact of the insurance expansion,
ps, matters exclusively through the innovation-while-doing effect. This factor should
be particularly important for innovation associated with surgery, where experience is
tightly linked with mastery of the relevant devices and techniques (Chandra and Staiger,
2007). It should be of limited importance for the development of new diagnostic imaging

equipment, which is more closely tied to the efforts of large-scale manufacturers.

Second, shifts in innovation are likely, though not necessarily, increasing in the num-

Ns
7 Pop.g

ber of physicians per capita . Note first that physicians per capita enters directly

into the market size effect. This reflects the fact that a given increase in the fraction of

dp

physicians attempting innovation, ~5s

from equation (2), results in a larger increase in
per capita innovation when there is a larger base of physicians. The innovation-while-
doing curve creates an additional force pointing towards a positive cross-partial with
respect to the baseline number of physicians per capita. More specifically, a low baseline
number of patients per physician places the state on a steeper portion of the innovation-

while-doing curve.'* Arrow’s (1962) summary of existing evidence points to the learning

curve’s sharp concavity as one of its most notable characteristics.

""While the cross-partial is ultimately of indeterminate sign, the factors suggesting a positive cross-
partial are likely to dominate. For example, the local value of the density, g, could be smaller, larger, or
the same size in regions with high and low baseline numbers of physicians per capita. A priori, there are
no obvious reasons why this and other relevant factors would work in the direction of a negative cross
partial between baseline physicians per capita and increases in medical innovation.

12



3 A Framework for Estimating the Effects of Medicare and
Medicaid’s Origins on Medical Innovation

This section describes my empirical approach for using the origins of the Great Soci-
ety health programs to estimate the effect of U.S. health insurance expansions on medical
innovation. Exposition of the estimation framework is facilitated by first describing the

data set used in the analysis.

3.1 The NBER Patent Database

The analysis utilizes the NBER Patent Database, which contains several relevant
pieces of information on all patents granted by the U.S. Patent and Trademark Office
(USPTO) from 1963 to 1999 (Hall, Jaffe, and Trajtenberg, 2001). The first relates to the
classification of each patent to technological categories and sub-categories. The patents
are grouped into 6 broad technological categories, of which category 3 encompasses
most health-sector patents, and 36 technological sub-categories. The sub-categories are
sufficiently narrow to allow health-sector patents to be divided into those related to pre-
scription drugs and those related to the medical equipment underlying the practice of
medicine in hospitals and independent outpatient settings.

Throughout the analysis, I group sub-categories 31 and 33, which contain Drug and
Biotechnology patents respectively, to characterize patenting associated with pharma-
ceutical innovation. I group sub-categories 32, 39, and 44 to characterize patenting as-
sociated with innovation in medical equipment. Sub-category 32 contains all Surgical
Equipment patents, including historic developments associated with arterial catheter-
ization and stent technology (Fogarty, 1969; Palmaz, 1988; Wall, 1993). Sub-category
39 is a relatively small category of Miscellaneous Drugs & Medicine patents associated

with dentistry, optometry, and prosthetic devices. Although sub-category 44, Nuclear

13



& X-rays, is not included in the broader Drugs and Medical technological category, it
contains innovations involving magnetic resonance imaging (MRI) scanners, computed
tomography (CT) scanners, and a variety of advances in X-ray technology (Damadian,
1974; Ledley, 1975)."

The NBER Patent Database also reports the location of each patent’s primary filer.
When the primary filer is located in the United States, the database reports his or her
state of residence; when located abroad, it reports his or her country of residence. Table 1
presents summary statistics describing the patenting activity of U.S.- and foreign-based
patenters as I group them for subsequent regression analysis. I have aggregated rela-
tively small U.S. states on the basis of census regions, leaving a total of 32 geographic
units in the United States.’> The aggregation reduces the noise associated with proxying
for the relative intensity of innovative effort on the basis of small samples of patents.
It further allows me to construct a balanced panel of regions without losing data when
taking logarithms or expressing the intensity of medical innovation relative to other in-
novation using shares.

The years referenced in Table 1 describe the year in which each patent was granted.
The NBER Patent Database reports information on the application year for all patents
starting with those granted in 1967. This is unfortunate because the application year
clearly comes closer than the grant year to representing the time at which each innova-
tion occurred. I use the later years of the database to estimate the average lag between

tiling years and grant years. This lag averages 2.3 years for health-sector patents and is

21t also includes relatively exotic cost drivers including a series of patents related to the systems of
proton beam therapy discussed by Baicker and Chandra (2011).

3The aggregate of small Western states, for example, joins Alaska, Hawaii, Idaho, Montana, Nevada,
New Mexico, and Wyoming, while leaving California, Colorado, Oregon, and Washington as distinct
entities. In addition to four region-specific aggregates of small U.S. states, I have created two aggregates
of relatively small foreign countries. These aggregates are not included in most specifications because I
do not have reliable data for constructing a control for GDP per capita across these countries. Inclusion of
these aggregates has essentially no effect on specifications that leave out this control variable.

14



Table 1: Patent Distributions and Other Summary Statistics

(1) (2)
Foreign Countries US States
Fraction Med. Equipment 0.0245 0.0300
(0.00856) (0.0100)
Fraction Phamaceutical 0.0297 0.0137
(0.00928) (0.00926)
Fraction Chemicals 0.269 0.219
(0.0645) (0.112)
Fraction Computing And Electric 0.190 0.188
(0.0496) (0.0725)
Fraction Mechanical 0.272 0.261
(0.0324) (0.0612)
Fraction Other 0.214 0.288
(0.0524) (0.0624)
GDP Per Capita (10000s) 1.788 2.107
(0.404) (0.254)
Uninsured Elderly NA 0.746
(0.119)
Physicians Per 1000 Res. (1965) NA 1.408
(0.312)
Change in State Gov. Health Spending NA 141.2
(81.05)
Observations 6 32

Note: All patent shares were constructed by the author using the NBER Patent Database for years 1963
through 1979. Following the classification system described by Hall, Jaffe, and Trajtenberg (2001), medical
patents include technological category 3 and sub-category 44. I decompose this into pharmaceutical
patents, which include sub-categories 31 and 33 (Drugs and Biotechnology), and Medical Equipment
patents, which include sub-categories 32, 39, and 44 (Surgical Equipment, Miscellaneous Drugs & Medical,
and Nuclear & X-rays). Chemicals corresponds to technological category 1, Computing to category 2,
Electronics to all sub-categories of category 4 but sub-category 44, Mechanical to category 5, and Other
to technological category 6. GDP per capita comes from the Penn World Tables and regional accounts
of the Bureau of Economic Analysis. Uninsured Elderly comes from Finkelstein (2007). Physicians per
1,000 state residents in 1965 comes from the 1967 Statistical Abstract of the United States. The change in
state government health spending (taken from 1962 to 1972) comes from the Census of Governments. The
32 US state units include four regional aggregates, namely Small Western (MT, ID, WY, HI, AK, NV, and
NM), Small Northeastern (ME, VT, NH, RI, DC, WV, and US territories), Small Central (ND, SD, KS, NE,
UT), and Small Southern (AR, AL, MS, KY, and SC). The foreign countries are Canada, the UK, France,
Switzerland, the Netherlands, and Japan.

15



relatively stable within the years covered by the database.'# Significant impacts of Medi-
care and Medicaid on the patents appearing in the database would thus be expected no
earlier than with those granted around 1968.

In most of the analysis presented below, I aggregate groups of years to further reduce
the noise associated with observations based on small numbers of patents. Accounting
for the lag between patent filing and granting, I typically treat the period running from
1963 to 1968 as the pre-Great Society period, with 1969 to 1974 describing the short- to
medium-run post-Great Society period and 1975-1980 describing the post-Great Society

long run.

3.2 Estimation Framework

In my initial analysis, the estimating equations take the following basic form:

Health Share;; = B1Post Great Society, x US States

+ ,stStates + ,BgtPeI'iOdt + XY + &5t (5)

where US State; is an indicator equal to one for all observations associated with U.S.
states, States is a state- or country-specific fixed effect, Period; is a time effect, and X is
a vector of time varying controls, typically including a measure of each area’s per capita
income. Health Shares;, the outcome of interest, is the fraction of all patents filed in state
s during period t that are associated with a particular portion of the health sector. B is
an estimate of the differential change in this health-sector share in the U.S. states relative
to foreign countries. All standard error estimates allow for arbitrary serial correlation

across the errors associated with each geographic unit. The standard error estimates

™Popp, Juhl, and Johnson (2004) note that, more generally, the lag between patent filing and granting
can vary substantially due, among other factors, to the volume of patents submitted to the USPTO at any
given time.
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change little, declining slightly, when I allow further for arbitrary correlation across the
errors associated with each country at each point in time."> For inference purposes,
the assumption that observations associated with different U.S. states are statistically
independent thus proves to be innocuous.

It is known that, for several reasons, patent counts can be poor measures of dif-
ferences in levels of innovative activity across time, sectors, and countries (Trajtenberg,
1990a). The number of patentable ideas generated by a given amount of research ef-
fort may, for example, may vary due to the number of innovations on the horizon of
a sector’s technological frontier or to sector-specific changes in patent law. The finan-
cial motivation for patenting any given innovation can also vary with the nature of a
sector’s technical frontier.”® Such developments are accounted for by the inclusion of
time effects since they apply with equal weight to foreign and domestic innovators. Also
relevant is that there has been a secular increase in the share of total USPTO-granted
patents that are filed by foreigners (see Panel A of Appendix Figure A.1).'7 Analysis of
within-state and within-country patent shares eliminates this secular trend. Equation (5)
is motivated by the fact that, in spite of these challenges, changes in the health-sector
share of patents by U.S.-based innovators net of changes in the health-sector share of
patents by foreign innovators can nonetheless capture relative changes in the direction

of innovative activity.

'5The latter adjustment allows for correlation across the errors associated with the US states at each
point in time. I implemented two-way clustering using Stata’s “cluster2” command, which was devel-
oped for the analysis in Petersen (2009). The clusterz command could only be implemented using an
unweighted version of the baseline specification. The claim regarding the relative sizes of the standard
errors associated with two- and one-way clustering holds whether the specifications are run using annual
observations or observations aggregated in multi-year time periods.

®Moser (2011), for example, finds that patenting became relatively popular in the late 19th century
chemicals industry when the publication of the periodic table made secrecy a poor means of restricting
access to intellectual property.

7International patent filing has long been common practice, as highlighted elsewhere by Moser and
Voena (2012) and (Moser, Bilir, and Talis, 2011). Patent-granting has had some degree of standardization
across countries as far back as the signing of the Paris Convention in 1883.
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I also estimate the effect of Medicare and Medicaid on patent counts using log-linear,
poisson, and negative binomial count models. When estimating count models, the issues
discussed in the previous paragraph are controlled for using a triple-difference method-

ology. The log-linear model of patent counts appears below:

In(Patent Count), ; ; = y1Post Great Society, x US State; x Medical Equipment,
+ 72, States x Period; 4 3, Period; x Category,

+ 74, States x Category, + X 10 + € s - (6)

Patent Count, s describes the number of patents granted in technological category c, in
state s, during period t. The coefficient 7y is an estimate of the differential evolution
of U.S. medical-equipment patenting relative to other U.S.-based patenting net of any
changes in foreign medical-equipment patenting relative to other foreign patenting. I
present results aggregating the patent categories into Medical Equipment and All Other
patents. The analysis yields similar results when I aggregate more finely to the 36 tech-
nology sub-categories.

The origins of Medicare and Medicaid provide a compelling natural experiment in
part because there was little impact on incentives for the invention of new pharmaceu-
ticals. Consequently, they resulted in a substantial change in incentives for one type of
health-sector innovation and not for another. I thus estimate equations (5) and (6) sep-
arately for medical equipment and pharmaceutical patents, using the estimated effect
on pharmaceutical patenting as a falsification test. I also run specifications in which I
include the pharmaceutical share as an element of the vector of control variables. This
can be interpreted as a direct control for any state- or country-specific shifts in patenting
towards the health sector broadly construed.

An issue that affects the interpretation of the estimates is the extent to which foreign
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innovators joined U.S. innovators in responding to changes in the size of U.S. health care
markets. Some foreign response is surely expected, since innovations are marketable
on a world-wide basis. B; captures the innovation-while-doing and differential market
size effects characterized in equation (4) in section 2. It is, quite literally, an estimate
of the differential change in health-sector patenting as a share of total patenting among
residents of U.S. states relative to residents of foreign countries. I further consider the

difference between Medicare and Medicaid’s differential and total impacts in Section 7.

4 Effects of Medicare and Medicaid on Innovation in the
United States Relative to Foreign Countries

Panels A and B of Figure 2 present the patent data underlying subsequent estimates
of equation (5); the panels of Appendix Figure A.1 do the same for equation (6). The
tigure shows the evolution of medical-equipment and pharmaceutical patents as shares
of total patents, plotting separate series for U.S.-based innovators and foreign innovators.
Panel A shows that, during the early-to-mid 1960s, medical-equipment patents made up
a modestly smaller share of total patents by U.S.-based innovators than of those by
foreign innovators. While the foreign share is stable through the early 1970s, the U.S.
share rises by around 1 percentage point (from a base of just over 2 percentage points)
from 1966 to 1970, surpassing the foreign share for the first time in 1969. The U.S. share
stabilizes at between 0.6 and 1.0 percentage point higher than the foreign share from
1970 through 1980. As noted previously, there is, on average, a 2.3 year lag between
health-sector patent filing and granting during the years of the NBER patent database
for which both of these pieces data are available. The late 1960s surge in U.S.-based

medical equipment patenting thus occurs when one would expect an initial Medicare-
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and Medicaid-induced change in patenting activity to reveal itself in the data.'® Panel A
of Figure 3 shows that neither this basic pattern nor the magnitude of the relative shift
in U.S. medical-equipment patenting are affected by re-weighting the foreign countries
to more closely match the pre-Great Society level of the U.S. share. A more complete
synthetic control analysis can be found in Appendix 2.

Panel B of Figure 2 shows the evolution of pharmaceutical patenting, for which in-
centives were not directly affected by Medicare and Medicaid. The pharmaceutical share
of patents granted to U.S.-based and foreign innovators move similarly over most of the
relevant time period. The surge in U.S.-based medical equipment patenting thus does
not appear to have been associated with a more general increase in health-sector innova-
tion in the United States. If anything, it appears that foreign patenters were faster than
their U.S.-based counterparts to participate in the surge in pharmaceutical patenting that
began during the late 1970s. Panel B of Figure 3 shows that, like the medical equipment
result, this placebo result continues to hold when the synthetic control procedure is

applied.

4.1 Difference-in-Differences Estimates of the Effect of Medicare and

Medicaid on Medical-Equipment Patenting

Table 2 presents estimates of equation (5) in which observations are weighted accord-
ing to each state or country’s share of all USPTO-granted patents over the sample period.
The results indicate an increase in U.S. medical-equipment patenting relative to foreign
medical-equipment patenting (as shares of total patents) of roughly 1.1 percentage points

over the medium run and 1.5 percentage points over the longer run. The standard errors,

BThe timing is consistent with a delay of one to two years during which an initial wave of post-
Medicare innovative efforts translate into patentable ideas, with an additional two to three years between
patent filing and patent granting.
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Fraction of Total Patents Directed at the Health Sector

Panel A: Medical Equipment Panel B: Pharmaceuticals
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004

" 1960 1965 1970 1975 1980 " 1960 1965 1970 1975 1980
Year Year

Fraction of Patents by US Innovators
————— Fraction of Patents by Foreign Innovators (Re-weighted)

Figure 3: Fraction of Patents Directed at Medical Equipment (U.S. vs Foreign): Series were constructed
by the author using data from the NBER Patent Database (Hall, Jaffe, and Trajtenberg, 2001). A description
of the system for classifying Medical Equipment and Pharmaceutical patents can be found in the note to
Table 1. The years in the figure refer to the year in which each patent was granted. In later years of the
patent database, grant years lag filing years by an average of 2.3 years for health-sector patents (roughly
2.0 years for patents more generally). In Panel A, country-level aggregates of foreign patents have been
re-weighted to more closely match the levels and changes in the U.S.’s pre-Medicare medical-equipment
share of total patents using Abadie, Diamond, and Hainmueller’s (2011) “synth” package. Panel B is
similarly constructed, with pharmaceutical patent shares being the outcome of interest. Pharmaceutical
patenting can be viewed as a placebo test because, with few exceptions, pharmaceuticals were not initially
covered by Medicare.
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which allow for arbitrary autocorrelation within each state or country over time, show
these point estimates to be highly statistically distinguishable from o. In unweighted
versions of these specifications, the standard errors change little, decreasing marginally,
when I further allow for arbitrary correlation patterns across the errors associated either
with each year or with each country at a point in time." The confidence interval for the
estimate of the medium-run impact of Medicare and Medicaid on medical-equipment
patenting ranges from 0.60 to 1.5 percentage points.

The result in column 2 shows column 1 to be robust to controlling for changes in
each state or country’s GDP per capita over time. GDP per capita enters positively, and
at a level that, in this specification, is statistically distinguishable from o. This result
is consistent with a role for the forces emphasized by Hall and Jones (2007) and Jones
(2011), who argue that demand for life-extending health innovations will rise faster than
demand for innovations in other areas as income increases. Column 3 expresses the
result from column 2 in log terms. The result implies that, controlling for changes in
income per capita, the medical-equipment share of patents in the U.S. states rose by 40
to 50 percent more from the mid-1960s to the 1970s than did the medical-equipment
share of patents by innovators in foreign countries.

The remaining columns of Table 2 provide evidence that the results discussed above
are not driven by a more general shift in U.S. patenting towards the health sector. Col-
umn 4, which can be interpreted as a falsification test, shows that, relative to foreign
patenting, the share of U.S. patents directed at pharmaceuticals did not change follow-
ing Medicare’s implementation. Over the longer run it appears that, if anything, the U.S.

pharmaceutical share declined relative to the foreign pharmaceutical share, although the

9The latter adjustment involves allowing for correlation across the errors associated with the US states
at each point in time. I implemented two-way clustering using Stata’s “cluster2” command, which was
developed for the analysis in Petersen (2009). I only compare the one- and two-way clustered standard
errors for unweighted specifications because cluster2 does not allow for weights.
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relevant coefficient is estimated with low precision. Column 5 shows that controlling
directly for the pharmaceutical share has no impact on the baseline result. The pharma-
ceutical share enters positively, but its coefficient is not estimated precisely. In column 6
the dependent variable is expressed as the medical-equipment share net of the pharma-
ceutical share. The estimated effect of Medicare and Medicaid is, once again, statistically
and economically indistinguishable from the baseline result in column 2. The point esti-
mates are statistically significantly different from o, but are less precisely estimate than

the result from column 2.

4.2 Robustness within the Shares Estimation Framework

Results presented in Appendix Tables A.1 through A.4 further explore the robustness
of the baseline estimates. Table A.1 shows that the results in Table 1 are robust to
running each regression without weighting each state or country’s observations for their
contribution to the total count of patents during the sample period. Table A.2 shows
the implications for various weighted and unweighted specifications of utilizing the full
sample available when not controlling for state and country income per capita.®® The
resulting coefficients are moderately smaller than in the baseline. This is most noticeable
for estimates of Medicare and Medicaid’s relatively long run effect, which is just above
0.9 percentage point in the weighted specifications and 1.1 to 1.2 percentage points in
the unweighted specifications.

Table A.3 shows that the baseline specification from Table 2’s column 2 is not signifi-
cantly altered by shifting the year that separates the base period from the period repre-
senting the medium-run after Medicare and Medicaid’s implementation. The “medium

run” effect becomes moderately smaller as it is made to start closer to 1965. It declines

2°The additions to the sample include two aggregates of small countries for which there is, individually,
relatively little patent data, as well as Germany, for which the East-West partition resulted in incomplete
income reporting by the Penn World Tables for the 1960s.
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monotonically from 1.2 percentage points in the baseline specification, which ends the
base period in 1968, to 0.9 percentage point when the base period ends in 1965. The
results suggest that the full effect of Medicare on the distribution of patents emerges
several years after its implementation, consistent with empirically realistic lags for both
the development of patentable ideas and the granting of patents once they have been
filed.**

Table A.4 shows that the results in Table 2 are robust to estimating equation (5)
using annual observations rather than observations aggregated to the level of 5 and 6
year periods. Estimation on annual observations allows me to control directly for a
differential U.S.-specific trend towards medical-equipment patenting. Controlling for
such a trend has no appreciable impact on the baseline results. Columns 1 through 3 of
Table A.4 make use of the full sample of annual observations while columns 4 through 6
impose a balanced-panel requirement. Panel balance becomes relatively stringent when
working with annual observations rather than with observations that aggregate patent

data over several years. This restriction only modestly affects the results.

4.3 Robustness to Estimation of Count Models

Tables 3 and 4 present estimates of count models that take the form of equation
(6). In both tables, the results include a log-linear model of patent counts along with
comparable poisson and negative binomial models. Table 3 presents estimates of the
effect of Medicare and Medicaid on medical-equipment patenting while Table 4 presents
falsification tests for an effect of Medicare and Medicaid on pharmaceutical patenting.

The results in Table 3 are readily compared with that from column 3 of Table 2, which

showed that Medicare increased the log of medical-equipment’s share of total patents by

21See Roberts (1988), quoted in some detail earlier in the paper, for a discussion of the short-horizon,
non-revolutionary nature of most medical-equipment innovation.
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Table 3: Changes in Arrival Rates for Medical Equipment Patents

(1) (2) (3)
Ln(Equip) Poisson Neg. Binom.

US State x Med. Equip. x 1969 to 1974 0.4268** 0.4229** 0.4229**
(0.1375) (0.0559) (0.0559)
US State x Med. Equip. x 1975 to 1980 0.5824** 0.5485** 0.5485%*
(0.1607) (0.0560) (0.0560)
N 228 228 228
Number of Clusters 38 38 38
Period x Equipment FE Yes Yes Yes
Period x State FE Yes Yes Yes
State x Equipment FE Yes Yes Yes
Base Period 1963 to 1968 1963 to 1968 1963 to 1968

Note: **, *, and + indicate statistical significance at the 0.01, 0.05, and o.10 levels respectively. The table
reports coefficients from regressions using the models described in the column headings. Column 1 re-
ports estimates from a log-linear model of patent counts, column 2 from a poisson model, and column
3 from a negative binomial model. For the poisson model, the p-values for the Deviance Pearson tests
of goodness-of-fit are 0.0070 and 0.0052 respectively, suggesting that the data are over-dispersed. Point
estimates and standard errors are stable, however, when replacing the poisson model with the negative
binomial model. The dependent variable in all three specifications consists of patent counts. Observations
have been aggregated at the level of time periods (as in the regressions previously reported) geographic
regions (again as in previous regressions) and patent categories. The patent categories are simply Medical
Equipment and All Other, resulting in twice as many observations as in the regressions reported in pre-
vious tables. Standard errors, reported beneath each point estimate, allow for arbitrary autocorrelation in
the errors associated with the observations for each US state or foreign country. Data sources are described
in the note to Table 1.
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Table 4: Changes in Arrival Rates for Pharmaceutical Patents

(1) (2) (3)
Ln(Equip) Poisson Neg. Binom.
US State x Pharma x 1969 to 1974 0.2134 0.0831 0.0545
(0.2320) (0.1304) (0.1325)
US State x Pharma x 1975 to 1980 0.0275 0.1864 0.1413
(0-4819) (0.3683) (0.3796)
N 228 228 228
Number of Clusters 38 38 38
Period x Pharma FE Yes Yes Yes
Period x State FE Yes Yes Yes
State x Pharma FE Yes Yes Yes
Base Period 1963 to 1968 1963 to 1968 1963 to 1968

Note: **, *, and + indicate statistical significance at the 0.01, 0.05, and o.10 levels respectively. The table
reports coefficients from regressions using the models described in the column headings. Column 1
reports estimates from a log-linear model of patent counts, column 2 from a poisson model, and column
3 from a negative binomial model. For the poisson model, the p-values for the Deviance Pearson tests
of goodness-of-fit are 0.0000 and 0.0000 respectively, strongly implying that the data are over-dispersed.
Point estimates change modestly and standard errors are stable when replacing the poisson model with
the negative binomial model. The dependent variable in all three specifications consists of patent counts.
Observations have been aggregated at the level of time periods (as in the regressions previously reported)
geographic regions (again as in previous regressions) and patent categories. The patent categories are
simply Medical Equipment and All Other, resulting in twice as many observations as in the regressions
reported in previous tables. Standard errors, reported beneath each point estimate, allow for arbitrary
autocorrelation in the errors associated with the observations for each US state or foreign country. Data
sources are described in the note to Table 1.

40 to 50 percent. All three of the models presented in Table 3 yield similar results; the ev-
idence implies that Medicare and Medicaid increased the arrival of medical-equipment
innovations within this same range of 40 to 50 percent. The poisson and negative bino-
mial models are estimated with greater precision, reflecting superior fits of the data.
The results in Table 4 have implications similar to the result from Table 2’s column
4. In no case is there statistically significant evidence for an effect of Medicare and
Medicaid on U.S.-based pharmaceutical patenting. It remains the case, however, that

estimates involving pharmaceutical patenting are sufficiently imprecise that large effects
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cannot be ruled out. This is particularly true for estimates of Medicare and Medicaid’s

medium-to-long run effect.

4.4 An Investigation of the Quality of Insurance-Induced Medical-

Equipment Patents

The innovation literature highlights a need to use caution when translating observed
shifts in patenting activity into impact-adjusted levels of innovation.?? Best practice
continues to draw on work by Trajtenberg (1990a), who found in the case of patents
associated with computed tomography that there is “a close association between citation-
based patent indices and independent measures of the social value of innovations in that
tield.” Evidence on the effect of using citations to adjust for patent quality can be found
in Table 5. The dependent variables in the regressions reported in Table 5 replace the
dependent variables from Table 2 with citation-weighted patent shares. The Medical
Equipment share, for example, is calculated as the sum of all citations received by a
state’s medical-equipment patents divided by the sum of all citations received by all of
that state’s patents. The results in Table 5 are little changed from those in Table 2.

Table A.5 presents additional evidence on patent quality; its results also describe
Medicare’s impact on patent quality as measured using patent citations. The results
show a moderate, but statistically insignificant, increase in the mean number of cita-
tions associated with U.S.-based medical-equipment patents (relative to foreign medical-
equipment patents). However, there was a moderate decline (on the order of one half of

a standard deviation) in the ratio of mean citations for medical-equipment patents rela-

22For example, cross-sectional evidence reported by Moser (2011) shows that low quality (or less impor-
tant) innovations are more likely to go unpatented than high quality innovations. It is thus important to
consider the possibility that expansions in the markets for health technologies may, in part, have increased
the rate of patenting for existing innovations rather than increasing total innovation.
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tive to all patents.?3 As always, caution is warranted when translating shifts in patenting

activity into absolute, impact-adjusted levels of innovation.

5 Within-U.S. Effects of Medicare and Medicaid on Medi-
cal Innovation

I next explore predictors of variation in the size of U.S. states” increases in medical-
equipment patenting. The Great Society programs’ most substantial impact was to al-
ter incentives for health-sector innovation in the United States (as a whole) relative to
foreign markets. At the same time, Section 2 highlighted the importance of local fac-
tors as drivers of medical innovation. Positive relationships between states” increases
in medical-equipment patenting and proxies for equation (3)’s locally varying factors
can thus contribute to the case that these mechanisms are truly at work. I explore the

strength of the relevant relationships by estimating the following equation:

AHealth Shares = xg + a1Mechanism Intensity,_ + &s. (7)

I estimate equation (7) on a sample consisting exclusively of the U.S. states. The coeffi-
cient wy describes the strength of the correlation between the size of states” expansions
in health-sector patenting and proxies for the strength of the relevant mechanisms (rep-

resented by Mechanism Intensity,).?*

23This ratio, which proxies for the quality of health-sector patents relative to all patents, would be the
preferred measure if patent-citation norms change differentially across countries over time. Such changes
cannot be distinguished from across the board changes in the relative quality of patents across countries.

24] refrain from advancing a causal interpretation of the estimates of &;. However, the apparent sim-
plicity of the estimation framework should not take away from the fact that, in a condensed fashion, it
delivers estimates similar in spirit to those reported by Finkelstein (2007). I do not advance a causal inter-
pretation largely because, as should become clearer below, the mechanisms of interest include features of
the Great Society beyond the Medicare-induced changes in coverage rates for which variation is plausibly
(conditionally) uncorrelated with other relevant factors. Directly relevant, for example, is the fact that the

31



I consider several variables that capture the mechanisms emphasized in Section 2.
The first, Physicians Per 1,000, is a measure of physicians per 1,000 state residents in 1965;
it captures the presence of the potential physician innovators emphasized throughout.
The second, Uninsured Elderly, proxies for the size of the insurance expansion associated
with Medicare. I take this measure directly from Finkelstein (2007), who tabulated re-
gional survey estimates of pre-Medicare coverage rates among the elderly. The third,
AState Health Spending, describes the change in health spending (in 1000s of dollars per
capita) by state governments from 1962 to 1972, which was driven primarily by states’
integration into the Medicaid program.?>

Two additional variables involve composites in which the initial three variables have
been made comparable through standard normalization. The first of these, Demand Side
Composite, captures the total size of the Great Society programs’ demand-side impact. It
does so by summing the standard-normalized versions of Uninsured Elderly and AState
Health Spending. The final variable, Total Composite, is the sum of all three standard-
normalized variables; it is thus a relatively comprehensive measure of the Great Society
programs’ region-specific forces.

Table 6 reports estimates of a1 when Mechanism Intensity, is represented by the vari-
ables discussed above. Columns 1 through 3 show that Physicians Per 1,000, Uninsured
Elderly, and AState Health Spending are each positively correlated with the size of states’
shifts towards medical-equipment patenting. For the individual variables the strength
of these correlations is modest.

Accounting for the potential mechanisms jointly, as in columns 4 and 5, yields sta-

mechanisms are not uncorrelated with one another, making it difficult to advance a causal interpretation
for the coefficient associated with any one of them.

25The choice of years is driven in part by the relatively detailed information on sub-national government
budgets made available through the Census of Governments, which occurs in years ending with 2 and 7.
Using the change in spending through 1972 helps to fully account for the impact of Medicaid because 1972
was the first year during which states” Medicaid programs were required to cover individuals receiving
Disability or Supplemental Security Insurance payments through Social Security.
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tistically stronger results. In column 4, the composite of the demand-side changes as-
sociated with Medicare and Medicaid has a positive relationship with shifts towards
medical-equipment patenting that is statistically significant at the 0.01 level. The coeffi-
cient implies that a state at the 95th percentile of the Great Society programs” demand-
side effects experienced a shift towards medical-equipment patenting that exceeded the
shift at the sth percentile by 0.37 percentage point. This difference is roughly 1/4th of
the baseline estimate from column 2 of Table 2.

The presence of an additional physician per 1000 residents, corresponding to the
difference between the 5th and 9s5th percentiles, was associated with a shift towards
medical-equipment patenting of an additional 0.6 percentage point. This amount is
equal to nearly 1/2 of the baseline estimate from column 2 of Table 2. This coefficient is
also statistically differentiable from o at the 0.01 level.

The coefficient on Total Composite has similar implications for the magnitudes of
states” shifts towards medical-equipment patenting. This final variable predictively ex-
plains 20 percent of the variation in the size of shifts towards medical equipment patent-
ing within the United States.?® Graphical illustrations of the correlation between states’
increases in medical-equipment patenting and the mechanism variables can be found in
Figure A.2 in Appendix 1.

Table 7 provides further evidence for the relevance of the mechanisms emphasized
above. It reports estimates equivalent to those from Columns 4 and 5 of Table 6, but
separately for the sub-categories of medical-equipment patents. This is motivated by the
fact that imaging equipment is relatively closely linked to the efforts of large-scale man-

ufacturers, while innovation in surgical equipment and other medical devices is more

26Tt is worth noting that these results are robust to a variety of changes in the manner in which the
variables are constructed. Taking the measure of physicians per 1,000 residents from different years,
making reasonable alterations to the measure of changes in state government health spending, using
Finkelstein’s alternative measure of the size of Medicare’s impact on coverage, and further adjusting for
the elderly’s share of each state’s total population have negligible impacts on the presented results.
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tightly linked to practicing physicians. The latter categories of innovation are better
categorized as the result of innovation-while-doing and thus, as discussed in Section 2,
ought to be more responsive to the local features of insurance expansions. The data are
consistent with this view. Both the baseline number physicians per capita and the impact
of the Great Society health programs on local patient flows have much stronger relation-
ships with surgical equipment and miscellaneous medical devices than with imaging

equipment.

6 Late 2oth Century Developments in Medical Innovation

Panels C and D of Figure 2 show the evolution of health-sector patenting from 1980
to 1999. Recall from Panels C and D of Figure 1 that this was a period during which
consumer exposure to the cost of both pharmaceuticals and care provided in hospi-
tals and physicians” offices declined substantially. Figure 2 shows that, relative to the
health-sector’s share of foreign patents, U.S. patenting of both medical equipment and
pharmaceuticals rose over this time period. The rise of U.S. pharamceutical patenting
was particularly sharp during the 1990s, reflecting the rise of the U.S. biotechnology
industry. During this period, the U.S. medical-equipment share rose by 2 percentage
points relative to the foreign share and the U.S. pharmaceutical rose by 3.4 percentage
points.

Appendix Tables A.6 and A.7 shows these late 20th century movements in patent-
ing activity to be statistically differentiable from o. It is important to emphasize that
there was no sharp natural experiment during this period, only a gradual, continuing
decline in consumer exposure to out-of-pocket costs. Consequently, the estimates can-
not be viewed as causal estimates of the effect of any particular change in insurance

arrangements. Rather, the estimates can be characterized as descriptive summaries of
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the evolution of patenting in the United States relative to foreign countries. Appendix
Tables A.8 through A.9 provide evidence that these late 20th century increases in U.S.
health-sector patenting did not come at the expense of patent quality.

As already emphasized, it would be erroneous to describe the results in Tables A.6
and A.7 as causal estimates of the effect of an insurance expansion. Nonetheless, they
contribute additional evidence to the overall argument that U.S. insurance expansions
played an important role in shaping the course of medical innovation. To see why, recall
that the panels of Figure 1 describe 4 episodes in the evolution of cost sharing in U.S.
health-care markets. These panels are mirrored by the panels of Figure 3, which show
the equivalent episodes in the history of health-sector patenting. U.S. patenting shifted
substantially more towards the health sector than did foreign patenting during all 3 of
the episodes during which cost sharing declined substantially. During the 1 episode
during which cost sharing changed little, namely the pharmaceuticals market of the

1960s and 1970s, U.S. and foreign patenting moved nearly in parallel.

7 Cross-Country Breakdowns by Cultural Closeness to the

United States

Estimating the total size of the effect of U.S. insurance expansions on health-sector
innovation requires establishing an appropriate counterfactual. As emphasized previ-
ously, the regression estimates have described the differential evolution of U.S. health-
sector patenting relative to foreign health-sector patenting. To the extent to which foreign
patenters have joined U.S. patenters in responding to the incentives associated with U.S.
markets, these estimates constitute a lower bound on the total effect of U.S. insurance
expansions. Figure 4 provides suggestive evidence on the potential importance of the

relevant spillover effects.
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Figure 4: Fraction of Patents Directed at the Health Sector (U.S. vs Foreign Country Groups): Series
were constructed by the author using data from the NBER Patent Database (Hall, Jaffe, and Trajtenberg,
2001). Patents are classified as coming from the Anglosphere if the patenter lives in Canada, Australia,
Great Britain, or Ireland. “Other European” innovators are those from European countries that are not
included in the Anglosphere. A description of the system for classifying Medical Equipment and Phar-
maceutical patents can be found in the note to Table 1. The years in the figure refer to the year in which
each patent was granted. In later years of the patent database, grant years lag filing years by an average
of 2.3 years for health-sector patents (roughly 2.0 years for patents more generally).

Figure 4 displays the patent shares seen in Figure 2, but with a finer disaggregation of
foreign patenters. Specifically, I divide foreign patenters into 3 groups: patenters in En-
glish speaking countries (the Anglosphere), patenters in non-English speaking European
countries, and patenters elsewhere in the world (a category dominated by patents filed
by residents of Japan). The categories are meant to roughly capture degrees of cultural
closeness to the United States, which should correlate with each patenter’s inclination

towards, and ease of marketing (or dealing with regulators) in, the United States.?” If

?7In the language of the model from section 2, it is natural to expect AUSUS > A AngloUS . ) EuroUs
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foreign patenters are responding to changes in the size of U.S. markets, such responses
should be largest among the English speakers and smallest among those outside of both
Europe and the Anglosphere.

The figure shows that health-sector patenting’s share of total patents rose more dra-
matically in English-speaking countries and other countries in Europe than elsewhere in
the world. From the mid-1960s through the late-1990s, the medical-equipment share of
patents rose from roughly 3 percent of all patents to 5 percent of all patents in English-
speaking countries and other countries in Europe (relative to a rise from just above 2
percent to just over 7 percent in the United States). Elsewhere in the world, this share
rose from roughly 2.5 percent to just over 3 percent after peaking at a high of 4 percent
during the late 1980s.

Patenters in the Anglosphere exceeded U.S.-based patenters in terms of their phar-
maceutical share, which rose from 1 percent to nearly 13 percent relative to an increase
from 1 percent to nearly 9 percent in the United States. Other European patenters have
pharmaceutical shares similar to that in the United States. Innovators elsewhere in the
world had a pharmaceutical share of just over 4 percent during the late 199os.

The data are suggestive that the patenting of innovators outside of Europe and the
Anglosphere may provide a reasonable counterfactual for the path of U.S. patenting in
the absence of its insurance expansions. There is, of course, a great deal of uncertainty
associated with establishing this counterfactual. Appendix 3 presents a calibration of
the role of U.S. health insurance expansions as a driver of innovation and health expen-
ditures. The calibration draws on the existing literature and the current paper’s anal-
ysis. While the exercise requires many caveats, my best estimate is that U.S. insurance

expansions are responsible for roughly 25 percent of recent global medical equipment

AOtherUS - The potential-market-size effect is declining in cultural distance from the United States. The
differential between U.S.-based patenters and “Other” foreign patenters should thus come relatively close
to characterizing the total effect of U.S. insurance expansions on U.S.-based medical innovation.
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innovation. This innovation would have driven roughly 15 percent of the increase in U.S.
health spending in hospitals, physicians’ offices, and other clinical settings from 1960 to

2010.

8 Conclusion

This paper provides estimates of the effect of insurance on broad aggregates of med-
ical innovation. The evidence suggests that Medicare and Medicaid significantly in-
creased U.S.-based medical-equipment patenting. While extrapolation involves consid-
erable uncertainty, my best estimate is that the effects of U.S. insurance expansions on
innovation account for 25 percent of recent, worldwide medical-equipment patenting.
The forces of directed technical change (Acemoglu, 1998), and thus of government’s
influence as a maker of markets for technologies (Kremer, 2002; Acemoglu, Aghion,
Bursztyn, and Hemous, 2012), appear quite strong in this context.?®

The evidence highlights the importance of medical innovation’s local and regional
determinants. In particular, the relevance of the skills and insights of experienced prac-
titioners (Arrow, 1962) implies a central role for local flows of well-insured patients.
Consequently, medical innovation’s economic determinants extend beyond the potential
revenues associated with global market size.

The relevance of local factors may be important for predicting the Patient Protection
and Affordable Care Act’s (ACA) implications for innovation. Taxing medical device
manufacturers reduces their profitability, likely discouraging innovation. By increasing
the ranks of insured patients, however, the ACA’s coverage expansions may increase the

productivity of physicians” innovative efforts. The latter effect depends on both the size

28Gee also Glennerster, Kremer, and Williams (2006) and Berndt, Glennerster, Kremer, Lee, Levine,
Weizsadcker, and Williams (2007) for discussions of market making in the context of vaccine policy. The
welfare implications of insurance-induced pharmaceutical innovation are further assessed by Lakdawalla
and Sood (2009) and Gailey, Lakdawalla, and Sood (2010).
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of the coverage expansion and the comprehensiveness of the coverage it involves. Gen-
erous payment rates encourage health care providers to adopt and innovate upon new
technologies, while low reimbursements do not (Freedman, Lin, and Simon, 2012). Until
the composition of ACA-induced coverage changes is better known, the law’s implica-
tions for aggregate medical innovation remain highly uncertain.

In many industries, technological advance is associated with cost-reducing produc-
tivity gains. A striking feature of medical innovation has been its tendency to expand
the frontier of quality rather than reduce cost. Paying providers on a cost-plus basis
encourages innovation of precisely this form. Reforms that shift from fee-for-service
models towards bundled payments will tend to increase the rewards for innovation of
the cost-conscious variety. Medicare reforms may have particularly strong effects on
these incentives as a result of linkages between Medicare and private insurers’ payment
models (Clemens and Gottlieb, 2013). As emphasized by Weisbrod (1991), the structure
of physician payment may be as important as its generosity on this particular score. Esti-
mating the influence of bundled payments and managed care arrangements on medical
innovation’s productivity- and quality-relevant characteristics is a natural priority for

future research.

References

ABADIE, A., A. Di1AMOND, AND J. HAINMUELLER (2011): “SYNTH: Stata module to im-
plement Synthetic Control Methods for Comparative Case Studies,” Statistical Software

Components.

ABADIE, A., AND J. GARDEAZABAL (2003): “The economic costs of conflict: A case study

of the Basque Country,” American economic review, pp. 113—-132.

ABADIE, A. D1aAMOND, A., aAND J. HAINMUELLER (2010): “Synthetic control methods for

41



comparative case studies: Estimating the effect of Californias Tobacco Control Pro-

gram,” Journal of the American Statistical Association, 105(490), 493—505.

AceMOGLU, D. (1998): “Why do new technologies complement skills? Directed technical

change and wage inequality,” The Quarterly Journal of Economics, 113(4), 1055-1089.

AceMoGLU, D., P. AGHION, L. BUuRszTYN, anp D. HEMOUS (2012): “The Environment and

Directed Technical Change,” The American Economic Review, 102(1), 131-66.

AcemMoGLU, D., D. CUTLER, A. FINKELSTEIN, AND J. LINN (2006): “Did Medicare Induce

Pharmaceutical Innovation?,” American Economic Review, 96(2), 103—107.

ACEMOGLU, D., AND A. FINKELSTEIN (2008): “Input and Technology Choices in Regulated
Industries: Evidence from the Health Care Sector,” Journal of Political Economy, 116(5),

837-880.

AcemocLy, D., anp ]J. LINN (2004): “Market Size in Innovation: Theory and Evidence
from the Pharmaceutical Industry,” The Quarterly Journal of Economics, 119(3), 1049—

1090.

AcHION, P, A. DECHEZLEPRETRE, D. HEMOUS, R. MARTIN, AnD J. VAN REENEN (2012):
“Carbon taxes, path dependency and directed technical change: evidence from the

auto industry,” Discussion paper, National Bureau of Economic Research.

Arrow, K. (1962): “The economic implications of learning by doing,” The review of eco-

nomic studies, 29(3), 155—-173.

(1963): “Uncertainty and the welfare economics of medical care,” The American

economic review, 53(5), 941-973.

BAICKER, K., AND A. CHANDRA (2011): “Aspirin, angioplasty, and proton beam therapy:

42



the economics of smarter health care spending,” in Prepared for Jackson Hole Economic

Policy Symposium.

BAICkER, K., anp D. GOLDMAN (2011): “Patient Cost-Sharing and Health Care Spending

Growth,” Journal of Economic Perspectives, 25(2), 47—68.

BERNDT, E. R., R. GLENNERSTER, M. R. KREMER, J. LEE, R. LEVINE, G. WEIZSACKER, AND
H. WiLL1AMS (2007): “Advance market commitments for vaccines against neglected

diseases: estimating costs and effectiveness,” Health Economics, 16(5), 491-511.

BruMme-Konout, M., anp N. Soop (2008): “The Impact of Medicare Part D on Pharma-
ceutical R&D,” NBER Working Papers 13857, National Bureau of Economic Research,

Inc.

Bupish, E., B. N. RoiN, anp H. WiLL1AMS (2013): “Do fixed patent terms distort innova-

tion? Evidence from cancer clinical trials,” NBER Working Paper, (W19430).

CHANDRA, A., AND J. SKINNER (2012): “Technology Growth and Expenditure Growth in

Health Care,” Journal of Economic Literature.

CHANDRA, A., aND D. O. STAIGER (2007): “Productivity Spillovers in Health Care: Evi-
dence from the Treatment of Heart Attacks,” Journal of Political Economy, 115(1), 103~

140.

CHATTER]I, A., aND K. FaBRIZIO (2011): “How do product users influence corporate

invention?,” Organization Science.

CHATTER]L, A., K. FABRI1ZIO, W. MITCHELL, AND K. SCHULMAN (2008): “Physician-industry

cooperation in the medical device industry,” Health Affairs, 27(6), 1532-1543.

CLEMENS, ]., aND J. GOTTLIEB (2013): “Bargaining in the Shadow of a Giant: Medicare’s

43



Influence on Private Payment Systems,” NBER Working Papers 19503, National Bu-

reau of Economic Research, Inc.

CLEMENS, ]., anD J. GoTTLIEB (Forthcoming): “Do Physicians Financial Incentives Affect

Medical Treatment and Patient Health?,” American Economic Review.

CUTLER, D. (2004): Your money or your life: strong medicine for America’s health care system.

Oxford University Press, USA.

CUTLER, D., AND M. MCCLELLAN (2001): “Is technological change in medicine worth it?,”

Health affairs, 20(5), 11—29.

CUTLER, D., A. ROSEN, aAND S. VIJAN (2006): “The value of medical spending in the United

States, 1960—2000,” New England Journal of Medicine, 355(9), 920—-927.

CutLEr, D. M., anp D. P. Ly (2011): “The (Paper) Work of Medicine: Understanding

International Medical Costs,” Journal of Economic Perspectives, 25(2), 3—25.

DamaDIAN, R. (1974): “Apparatus and Method for Detecting Cancer in Tissue,” US

Patent 3,789,832.

DE Mouzon, O., P. Dusors, F. Scort MORTON, anD P. SEABRIGHT (2011): “Market Size

and Pharmaceutical Innovation,” CEPR Discussion Papers.

FINKELSTEIN, A. (2004): “Static and dynamic effects of health policy: Evidence from the

vaccine industry,” The Quarterly Journal of Economics, 119(2), 527-564.

FINKELSTEIN, A. (2007): “The Aggregate Effects of Health Insurance: Evidence from the

Introduction of Medicare,” The Quarterly Journal of Economics, 122(1), 1-37.

FINKELSTEIN, A., ET AL. (2012): “The Oregon Health Insurance Experiment: Evidence

from the First Year,” The Quarterly Journal of Economics, 127(3), 1057-1106.

44



FoGarty, T. J. (1969): “EMBOLECTOMY CATHETER,” US Patent 3,435,826.

FreeEDMAN, S., H. LiN, anp K. SIMON (2012): “Public Health Insurance Expansions and

Hospital Technology Adoption,” Discussion paper.

GAILEY, A., D. LAkDAWALLA, AND N. SooD (2010): “Patents, innovation, and the welfare

effects of Medicare Part D,” Advances in Health Economics and Health Services Research,

22, 317-344.

GLENNERSTER, R., M. KREMER, aAND H. WILLIAMS (2006): “Creating markets for vaccines,”

innovations, 1(1), 67-79.

Harr, B., A. JAFre, anp M. TRAJTENBERG (2001): “The NBER patent citation data file:
Lessons, insights and methodological tools,” Discussion paper, National Bureau of

Economic Research.

Harr, R. E,, anp C. . JoNEs (2007): “The Value of Life and the Rise in Health Spending,”

The Quarterly Journal of Economics, 122(1), 39—72.

Jarre, A., M. TRAJTENBERG, AND P. ROMER (2005): Patents, citations, and innovations: A

window on the knowledge economy. The MIT Press.

Jongs, C. . (2011): “Life and Growth,” NBER Working Papers 17094, National Bureau of

Economic Research, Inc.

KREMER, M. (2002): “Pharmaceuticals and the developing world,” The Journal of Economic

Perspectives, 16(4), 67—90.

LaxpAawALLA, D., anp N. SO0D (2009): “Innovation and the welfare effects of public drug

insurance,” Journal of public economics, 93(3), 541-548.

LEDLEY, R. (1975): “Diagnostic X-Ray Systems,” US Patent 3,922,552.

45



LerTL, C., C. HERSTATT, aND H. GEMUENDEN (2006): “Users’ contributions to radical
innovation: evidence from four cases in the field of medical equipment technology,”

R&D Management, 36(3), 251-272.

MaLaNi, A., anp T. PHILIPSON (2011): “Can Medical Progress be Sustained? Implications
of the Link Between Development and Output Markets,” Discussion paper, National

Bureau of Economic Research.

MANNING, W., ET AL. (1987): “Health insurance and the demand for medical care: evi-

dence from a randomized experiment,” The American Economic Review, pp. 251-277.

MosER, P. (2011): “Innovation Without Patents-Evidence from the Word Fairs,” Working

Paper.

Moser, P, K. BILIR, anD 1. TaL1s (2011): “Do Treaties Encourage Technology Transfer?

Evidence from the Paris Convention,” .

MoskRr, P, anp A. VOENA (2012): “Compulsory Licensing: Evidence from the Trading

with the Enemy Act,” American Economic Review, 102(1), 396—427.

Murrny, K. M., anp R. H. ToPeL (2003): “The economic value of medical research,”

Measuring the gains from medical research: An economic approach, 41.

NEWHOUSE, J. (1992): “Medical care costs: how much welfare loss?,” The Journal of Eco-

nomic Perspectives, 6(3), 3—21.

PaLmAz, J. (1988): “Expandable intraluminal graft, and method and apparatus for im-

planting an expandable intraluminal graft,” US Patent 4,776,337.

PETERSEN, M. A. (2009): “Estimating standard errors in finance panel data sets: Compar-

ing approaches,” Review of financial studies, 22(1), 435—480.

46



Porp, D. (2002): “Induced Innovation and Energy Prices,” American economic review, 92(1),

160-180.

Porp, D., T. JuHL, aAND D. JOHNSON (2004): “Time in purgatory: Determinants of the grant

lag for US patent applications,” Topics in Economic Analysis and Policy, 4(1), 1—43.

PozeN, A., axp D. CUTLER (2010): “Medical Spending Differences in the United States
and Canada: The Role of Prices, Procedures, and Administrative Expenses,” Inquiry: a

journal of medical care organization, provision and financing, 47(2), 124.

RoBERTS, E. (1988): “Technological innovation and medical devices,” in New Medical De-
vices: Invention, Development, and Use, ed. by K. Ekelman, pp. 35-51. National Academy
Press, Washington, DC.

SHAw, B. (1985): “The role of the interaction between the user and the manufacturer in

medical equipment innovation,” R&D Management, 15(4), 283—292.

(1986): “The role of the interaction between the manufacturer and the user in the

technological innovation process,” Unpublished Ph. D. dissertation, University of Sussex.

—— (1991): “Developing technological innovations within networks,” Entrepreneur-

ship & Regional Development, 3(2), 111-128.

SmithH, A. (1776): “An Inquiry into the Nature and Causes of the Wealth of Nations,”

Edwin Cannan’s annotated edition.

TRAJTENBERG, M. (1989): “The Welfare Analysis of Product Innovations, with an Ap-

plication to Computed Tomography Scanners,” Journal of Political Economy, 97(2), pp.

444-479-

TRAJTENBERG, M. (1990a): “A penny for your quotes: patent citations and the value of

innovations,” The Rand Journal of Economics, pp. 172-187.

47



TRAJTENBERG, M. (1990b): “Product innovations, price indices and the (mis) measure-
ment of economic performance,” Discussion paper, National Bureau of Economic Re-

search.

Von HiprrEeL, E. (1976): “The dominant role of users in the scientific instrument innova-

tion process,” Research policy, 5(3), 212—239.
WaLL, W. (1993): “Angioplasty stent,” US Patent 5,192,307.

WEIsBrROD, B. A. (1991): “The Health Care Quadrilemma: An Essay on Technological
Change, Insurance, Quality of Care, and Cost Containment,” Journal of Economic Liter-

ature, 29, 523-552.

48



Appendix 1: Supplemental Figures and Tables

49



‘(A1rerouad axowr syusred 103 s1eah o'z ATydnor) syusied 10309s-31eaY 105 S1eIA €T Jo aderoae ue Aq s1eak 3ury Jef s1ead jueld ‘aseqejep jusjed
9} JO s1edk 1d3e[ Uy -pajueid sem jusjed Uoea UdIYym UL IedA U3 03} 1991 2131y oY} Ul S1edk Y[, ‘I d[qe[, 0} 9J0U dY} Ul punoj aq ued syudjed
reonnadeuriey pue juswdmby [edsipajy Surdjissed 105 wdysAs ayy jo uonduosap vy (100t ‘Sraquajlei] pue ‘e[ ‘I[eL]) dseqere( judreJ
VAN 24} Woij eep 3utsn 1oyme ay} Aq pajonijsuod a1om saLag (uSPI04 SA §'N) SHUNO0D) jusjed I10§03S Y[edH pue [ejol, :I'y 2IN31]

sjuared ubialo4 JO UNOD - — — — —
sjusled SN 4o unod

O?T
T
(0014

0(?17
T
009

T
008
sluared [eonnaoeureyd

swared euueyd ubiaio4
0$9

© =
g E
P P
= L~
3 8
sjuared [esnnaseuweyd ;O [sued
JesA EEEIN
oﬁma m}m._” o}m._” mwkm._” owkm._” oﬁma mﬁmﬁ oﬁm._” mwkm._” oﬁma
o L& re
- <}
)
g S e =
-
IS} el
g g N ~=7 og
m.g = m -~ == «S
S F®a Fo o
oms oc o0
=4 = S8
o o A3
e 33 a®
o L2 o
23 IS 8
g @ S
1 o
5 L & LS
8 ) =]
sljualred HCQEQ_SUM_ [edIpaA g |aued sjualed ||V VY |sued

92U3pISay JO AnUNo) sJajuared Ag suno) juared

50



‘A[panoadsar 921 0 pue ‘400 ‘961°0 a1 ) pue ‘g ‘Y S[oueJ UI S9UI[ 1 199 9} Y3IM pajerdosse sonsnels parenbs-y -porrad ajdures
9} 10a0 aseqejep oy ut urreadde syusyed jo sequunu [e303 9} 03 UORNJLIFUOD S,93€)S Ded Aq Pajy3Iom aIe SUOAISSq() 'SIUIPISY 000°T 1ad
SUBIDISAU JO Ioquinu oy} SUIQLIDSIP S[ELIeA d} JO UOISIA PIZI[EULIOU-PIepUe)S B pue 9)1s0duIo)) puewa( oY) Jo wins ayy st ajisodwio)) [ejor,
QYL "PIedIpajA Jo UISLio oy} jo joedulr [9AS[-03e3s oY} 10§ sarxoxd puodas ayj d[IYm ‘aIedIpaA Jo Urdrio oy jo joeduwr [aAs[-a3ess oy 10§ sarxoird
JSIIJ U} ‘SO[RLIEA POZI[EWLIOU-PIEPUR)S OM} JO WNS 3y} SI 931sodUWIo)) pUuBUId(] Y], 'S9}eIS PoIu(] 9y} JO JoeIiisqe [ednsHe)s ay} Jo uUonIpd
£961 3} WO SOW0D SJUIPISAy 000°1 19d sueISAYJ ‘€ S[qe], 03 9}0U Y} UI PACLIISIP SB PIJONISUOD dI9M SI[qeriea (G961 UI) SJUSPISY 000‘T
1ad suenisAyJ pue ‘aysodwo) puews( ‘e3rsodwo)) [e30] Y], ‘I d[qe], O} 2J0U A} Ul PaqrIdsap se pajonijsuod urede ‘sajedardde ajeys pue
saje)s ‘g’ jussardar suoneAaIasqO I S[qeL, 0} dj0U Sy} Ul punoj aq ued syuajed yuswdmby reorpajn Surdjisse 105 waysAs a3 jo uondrosap
v (rooz ‘Sroquayler] pue ‘opye( ‘[eH) dseqeie jusied YAGN 9y woiy ejep Jursn ioyne oy} Aq pajonisuod arom 3unusjed juswdmbe
-[edTpaw spremo} syrys oy, :Sunuajeq juswdmbyg-[edIpajy Ul sasLAIDU] puUE SIIXOIJ WISIURYIIA U29MJdq SUone[drio) 'y dInJr]

SanjeA pani4
aleys 'dinb3 ‘payy ul abueynH e}

(596T) swapisay 000'T Jad sueishyd
= .

Sc ST T g

®
T
S00

T
G200

T T
SLTO 10
sjuared ‘dinb3 "pajN spremoL yIys

T
rdoy

sjualed ‘dinb3 "paj\ pue suedisAyd D [sued

ansodwo) puewaq A18190S 18I ansodwo) [e10] A18190S 1esl
14 4 0 - - S € T 1- o

O,
®
500

§¢00" S00-
T
G200

T
10

T T
SLTO0 10
sjuared ‘dinb3 "pajN spremoL yius

T
S.10°
sjusled "dinb3 "paN spiemoL Yus

S¢0’
T
rdoy

sjualed ‘dinb3 "pa|y pue ansodwo) puewaq :g |aued sjualed -dinb3 "pay pue ansodwo) [elo] 1V |aued

UOITeAOUU| [e2IP3IA SPJeMO] SYIYS pue swsiueydan

51



‘I 9[qe], 0} )0OU dY} Ul PI]LIDSIP dIk SIDINOS k(] 'S} Ul jurod e je A1junod yoes Ym pajerosse

I0 IedA Uded UM PajeIdosse SIOLI® dY} ssore suidjed uone[ariod Areniqie 10y ISypng Moffe [ uaym ‘A[reurdrewr 3urseardsp ‘oI adueyd

SIOLId prepue)s Y] ‘A1junod u3raIoj I0 9je)s G Yded JOJ SUOHLAIISO U} UM PIJRIDOSSe SIOLId S} Ul UOTJe[a1I0d0Ne AIenjIqIe I0j MO[[e

‘ayewryyss jurod ypes yreauaq pajrodar ‘s1o11e prepuelg -drdures ayj ur papnyour ur SSLIUNOd USISIO0J Y} JO IS B PUIj OS[e UED SI9PEeaT dI9UyM ‘T

9[qe]. O} 910U S} Ul paqrIsap se sajedardde Teuordar ojur padnoid are sajels g [[ews A[PATIE[dY ‘I J[qe], 0} 9}0U Y} Ul PUNOJ 3¢ Ued W)SAS

uoTedIISSe Yy} Jo uondLdssp Y 'sjusie [ednnadewtiey se pazriodajed uondely 9y} snumu syusjeJ juswdinby [edipajy se paziio8ayed are

yeu sjusjed [e10] Jo uomdeIy 9} SI d[qelrea Juapuadap ayl 9 UWN|od Ut ‘A[[eur ‘sjusje] [ednadeuLiey] pazriodajed are jey) syuajed [ejo} jo

uonoeyy Y} SI 9[qerrea juspuadep ay) ¥ uwmnod uy ‘uonoely Sny} Jo WLIe3o[ [einjeu ay} SI d[qerrea juapuadap oY) € UwN[od Uy sjusieJ

juowrdmby es1pajA se pazrio3ajed axe ey sjyusied [e10) Jo UOTIORIY 9} SI SqeLIeA JudpURdap Ay & pue ‘T ‘I suwn(od Uy ‘suorssardar sarenbs

3JSE3] ATRUIPIO WO SPUSYJI00 s310dal d[qe) 9, ‘A[9A1DadSaI S[9A] OT'0 pue ‘50°0 “I0°0 J} J& dOULdYTIUSIS [eDIISHe)S 9JeDIPUL + PUE “, /., PION

Q961 03 £961

Q961 03 £961

Q961 0} £96T

Q961 0} £961

Q961 0} £961

Q96T 03 £961

poLIRJ aseq

S9K S9K S9K. S9K S9K SaK dd ATunoD) puy 93eig
Sax S9K Sax S9K. S9K S9x dq pou_J
ON ON ON ON ON ON parySom
13 ]¢ <19 Q¢ 19 Q¢ S193SN[D) JO IqUINN]
149" 17498 149" 149" 149" 17498 N
G060 €zb60 £4g0 9260 1260 ¢16°0 2
(1911°0)
G/goo [eonnadewrIeyJ Uomoer
(1220°0) (¥600°0) (9120°0) (090¢-0) (8£00°0)
«L9¥oo «Itzoo 6tzo 0- ¥g91°0 #x0ITO0 (soooot) eytde) 1] JAD
(£Loor0) (z€000) (£Lo0r0) (Frot-0) (9z00°0) (Vz00°0)
#£C0£0°0 #xLLT0°0 +8€10°0- &Y 740) #x99T0°0 x7STI0°0 0861 03 SL61 X eI§ gN
(£z000) (8100°0) (1€00°0) (¥660°0) (6100°0) (¥zoo0)
#0TTI0°0 x«VITO°0 Y0000 «0001°0 +SIT00 £490T0°0 V261 01 g961 X 9eI§ gN
Xy 39N dinbg  areyg dmbg  areyg xy  (ereyg bg)ug oareyg dmbyg osreyg dnbg
9) () ) (©) (@) (1)

suo1ssaI3IY payySamun) uawdimby [edIpaA 1V PadaII( sjudjeJ Jo uonder] ut aduey) I'y d[qe],

52



"I 3[qBL, O3 dJ0U S} UI PaqLIISAP
dIe $90IN0S ByR(] "duwiy ur jurod e je AIjunod yoes yjIM PajeIdosse 0 I8dA Uded M PajeIdosse SIOLIS dY} ssoide surdjjed uone[pirod Arexniqre
I0J I9UHNJ MO[[e [ Uaym ‘Affeurdrewr Surseaidop ‘ORI 23ueyd SI01Id piepue)s ay} suonedynads payydomun ay} ul Anunod uSIoy 10 9je)s
G Yo®rd I0J SUOHLAIISO U} UIIM PIJRIDOSSe SIOLIS Ay} Ul UOTje[arIodone A1eniqie 10y mofe ‘ejewnss jurod yoes yjeausq poajrodar ‘s1o11a
prepueig eyep judyed a1 A[eane[R1 ‘A[[ENPIAIPUIL ‘ST 919} UITYM I0J SILHUNOD [[ews Jo saje3a138e ¢ se [[om Se “JSapy Pue Iseq OjUl UOISIATP
)1 JO s1eak awos unmp sansst 3unIodaI-awodur WO SIJNS YPIYM ‘AueuLion) sppe siy], ‘porrad yoes ur ejided 1ad swodur uo eyep s[qera1
ST 919U} DIYM JOJ SSLIFUNOD O} PIJOLISII JOU ST IT Jey} UL Ty S[qe], PUe ¢ S[qe[, Ul PIZI[HN pue ‘I d[qe], Ul paqrosap ardures ayj} Woij SIJIp
ordures ayJ, ‘I 9[qe], 03 90U Y} Ul PaqrIdsap se sajedard3e reuordar oyur padnoid are saye)s g [[ewss APARR[IY T S[]RL, 0} 9}0U A} Ul punoj
9q Uued WA)SAS UOnEdYISSE Ay} JO UondLISap V "UondeRy SIY} JO unprie3o] [eImjeu ayj St s[qeriea juapuadap sy} 9 pue € Uwnjod uj ‘SjudjeJ
juswrdmby [edtpatA se pazrro8ajed are jep syuajed (€303 Jo UOTIORIY A3 ST 9[qeriea juspuadap a3 S pue ‘b ‘c ‘T suwnjod Uy ‘suorssardar sarenbs
jsea] A1euIpIo WO SJusIdya0d sy1odoar a[qe) oY, ‘A[9A130adsal S[9AS] OT'0 pue ‘G0°0 “I0°0 A} J€ dDULDYIUSIS [Ed1ISIL)S JLIIPUIL + PUE “, “,, :DJON

Q961 0} £96T Q96T 03 £96T Q96T 03 €961 Q96T 0} £96T Q96T 03 £96T Q96T 03 £961 pOLIdJ 9seq
S9K S9K SaK Sax Sax SaK. qq A1uno)) puy 9jeig
S9K S9K S9x SaK Sax S9K. dd pou_J
ON ON ON Sax Sax Sox PaIYSIOM
1t 1t 184 1t 1t 1t sIa1sn[) JO BquinN
€er €er A €e1 €e1 €e1 N
Y160 Y060 Y060 0c¢60 Q06°0 Q060 ol
(Yrot1-0) (LEzT70)
Lovoro 0II0'0 [eonnadeurIeyJ UOnORIL{
(LotT-0) (9€00°0) (¥€000) (F9g1°0) (gt00°0) (6t00°0)
«9€1t0 #+LTI10°0 #«ETII0°0 gtbz 0 +1600°0 +1600°0 0861 03 SL61 X eI§ gN
(0160°0) (€200°0) (z200°0) (€9L00) (¥z00°0) (z200°0)
£402TE0 ++7800°0 ££9800°0 89420 £+ I800°0 #xI800°0 ¥261 03 961 x 9reIg 9N
(areyg bq)u1 areyg dmbg oreyg dmbyg (areyg bg)ug areyg dmbg areyg dmbg
) ©) () () (@) (1)

[onu0) awoduy o/m djdureg Juawdmby [edIPaIA 1V PP SjuUdjed JO uondeI] ul dAguey) Ty d[qe.

53



‘I 9[qe], 0} 30U Y}
UI PaqLIDSaP aIe S3DINOS eje(] “ANunod udro10y 10 93e)s G oL 10§ SUOHIPAIISAO AU} YIIM PIJRIOSSE SIOLId U} UI UOT}R[OII0d0INe ATRI)IqIe 10§
MOTTe “Drewmnsa Jutod yoea ypeauaq pajrodai ‘s10119 prepuelg “porrad aydures [y sy 1040 aseqeep ay ur syuajed [re jo areys aderaae s,A13unod
10 31e)S Uoed 0) 3urprodde pajydem are suoneArasqQ ‘d[dures ayy ur papnpPuI SALHUNOD USISIO0F S} JO ISI[ © PUly OS[e Ukd SISPEeal dI9YM ‘T
3[qeL, 03 2J0U dY) UI PaqLIdSap se sajedar33e reuordar ojur padnoid are sajeis g [ews A[eAne[ay ‘I S[qe], 03 SJOU 3} Ul PUNOJ 3¢ Ued Wa)SAS
uonedyIsse ay} jo uondrosap v syusre juswdinby [edtpajn se paziio3eied axe jeyy syusjed (€10} JO UOLDRI JY) SI d[qeLieA juspuadep a3
SUWIN[oD [k UJ "Sased [[e Ur FZ6T ur spus uni Wnipaw aY], "MOoJ [eulj s,9[qe} 9y} ur pajsi] porrad aseq ayy Surmorjoy A@yerpawrur surdaq porrad
STy} uwmjod yoea uy ‘porrad aredrpaj-3sod |, uny winipayy,, Y3 Jo uoredyads Iy} Jo SuLId} ur IJ1p suonedynadg ‘suorssaidar sarenbs jses]
AreurpI1o woiy s)uamNa0d syrodax afqe; Y], A[9An}dadsar S[oAS] 01°0 pue ‘S0°0 ‘I0°0 Y} Je OULIYIUSIS [LdNSTIL)S JLDIPUT + PUe *, ‘., DION

6961 0} £96T Q96T 03 £96T 96T 03 £96T Q96T 03 £96T  S96T 03 £961 poLdJ aseq
ON ON ON ON ON [oue pasueeq
S9K S9K S9K SaK S9K dd A1uno) puy 9jeig
ON ON ON ON ON EERLEDN
Sax S9x SOK S9x S9K. d pou_J
Sox. SOX Sox. SOX Sox. PaIYSIOM
6¢ 6¢ 6¢ 6¢ 6¢ SI9)SN[D) JO IaqUINN
959 959 959 959 959 N
L5820 09Z°0 1620 6£40 6cl0 ol
(6100°0) (2T00°0) (1200°0) (1200°0) (¥e200°0)
«0v00°0 TT00°0 G€oo0 ££9900°0 #xETT0°0 (soooot) eyrdeD) 1 JAD
(z200°0) (9200°0) (8200°0) (0£00°0) (0€00°0)
#x£TI0°0 #«IEI0°0 Q€100 V100 #0€10°0 uny 3uo x 9IS gN
(zz00°0) (Yz00°0) (9z00°0) (4z00°0) (8200°0)
#x0CTIO00 #xICIO0 #1100 #x80T0°0 #x0800°0 uny WnIpajN X 9jei§ N
areyg dmbyg oareyg dinbg oareyg dmbg osreyg dinbg areyg dmbg
©) () ©) (2) (1)

porrag aseq Surduey) of, ssauysnqoy :Judawdinby [es1pajn 1V paidaiI spudjeJ Jo uornpery ur a8uey) £y Sqe],

54



‘T

o[ge], 03 230U a9y} Ul PaqLIdSap a1k Sa2INnos eje( ‘oWIl} Ul MC@OQ eje \AH—CSOU yoes M pajerdosse 10 Teak yoes UM pPajerdosse SIOLI9 9] SsO.doe

suraped uone@110d Areniqre 10§ YNy MO[[e [ uaym ‘AJeurdiewr 3urseaidsp ‘oI a3ueyd SI0LId pIepue)s oy} suoredyads asauy} JO SUOISIA

parySromun u “A1unod uSre10y I0 3)e)S G Yokad I0J SUOILAIIS]O Y} YIM PIJRIDOSSe SIOLIS A} UT UOIL[aLI0d0INe ATerjiqre J0J MO[[e ‘9}ewr)sa

jurod yoes yyeauaq pajrodar ‘siorre prepuelg ‘porrad adures [[ny ay) 1040 aseqerep ay) ur syuajed [[e Jo areys aderaAe s,AIJUNod 10 3L oed

0} 3urpiodode papydom a1e suoneAIasq ‘d[dures ayj ur papnour saLuUNod U31I10§ 93 JO ISI[ B PUIf OS[E Ued SISPESI 3IoyM ‘I S[e[, O} dj0U Y}

U1 paquIdsap se saje3a133e reuordar ojur padnoid are sajeis g [[ewrs Aeane[dy ‘I S[qe], 03 90U Y} Ul PUNOJ 3q UedD WI)SAS UOIIedTISse[d a) Jo

uondrsap v ‘syuseJ juswdmby [edsipajA se paziiodajed are jeys syusied [e10} Jo uondely 9} SI d[qeriea juspuadep aY ], ‘suorssardal sarenbs

JSE9[ ATeurpIo WOy S)UsyFo0d syrodar ajqe) 9y, A[eanoadsar s[oAd] 0T°0 pue ‘S0°0 “I0°0 9} Je SDULDYTUSIS [ed1SIIL)S dJedIPUL + PUe “, “,, :DI0N

Q961 03 £961

Q961 03 £961

Q961 03 £961

Q961 03 £961

Q961 03 £961

Q961 0} £961

poLIRJ aseq

S9x S9x S9x ON ON ON [Pue pasuereq
S9x S9K S9K S9K S9x S9x dq A1unoD) puy 9jeig
S9x ON ON S9K ON ON q Teax
ON Sax S9K ON S9K Sax d por_g
Sax Sax S9K Sax S9K S9K PaIY3IOM
1c 1T Ic 6¢ 6¢ 6¢ SI9ISN]D) JO IoquINN
25¢ L5¢ L5¢ 949 949 949 N

€vgo 0180 0180 9840 090 09Z4°0 2

(¥000°0) (¥000°0)

90000 T000°0 puaiy, oywadg-gn
(€000°0) (€000°0)
€000°0 1000°0 puaiy, Ieaury

(8€00°0) (¥¥00°0) (z200°0) (££00°0) (ot00°0) (z200°0)

£0800°0 G100°0- 6000°0 £06400°0 Y1000 T2T00°0 (soooot) eytde) 13 JAD

(£900°0) (z200°0) (1200°0) (6€00°0) (9200°0) (5200°0)

06000 #4CS10°0 VG100 V1100 «IEI0°0 «IEI0°0 0861 03 SL61 X ajeI§ gN

(¥zoo'0) (9200°0) (€200°0) (9€00°0) (¥zoo0) (¥200°0)

#x£400°0 #x8010°0 #x8010°0 #xCII0°0 #x0TIO0°0 #xITI0°0 V261 03 961 X eI§ gN

areyg dmbg oreyg dinbg areyg dmbyg areyg dinbg oareyg dmbyg areyg dinbg

9)

©)

)

(©)

()

(1)

S[OIJU0D) PUII]L, /M SUOTJeAIdSqQ [enuuy :Judwidinbyg [ed1pajq 1V pajdaii( sjuadjed jo uonper ur aduey) vy o[qel

55



"I 9[qe], 0} J0U A} UT PALIDSIP dIe SIDINOS eje(] ATIUN0d U3LI0J JO 1e)S G Yded I0J SUOTIBAIISO A} YIIM PIJeI0sse
SIOIId A} UT Uone[aLIod0e ATe1jIqre J0J MOf[e ‘arewnsa jurod yoes yyeauaq pajrodar ‘sioxre prepuelg porrad sidures [ny ay) 19A0 aseqejep
ayy ur syuajed (e jo areys ageraAe s,A1UNod 10 dje)s Yoes 0} Surpiodde pajydem aIe suonesldsqQ ‘d[dwes ayj Ul papndour SALRUNOd URI0)
93 JO 1SI] © pul OS[e Ued SI9PELal 9I9UyMm ‘I d[qe], 0} dj0U dY} Ul PaquIdsap se sajedard3e Teuordas ojur padnoid are sajels g [[eWs A[PAT e[y
‘I 3[qeL, 0} 3J0U Y} Ul PUNoj 9q ued WajsAs uonesyrssepd juared ay Jo uonduossp y sueawr uoneyn jusied-[re pue juswrdmba-resrpawr ayj jo
oner st dqerrea yJuapuadap ayy € uwmnjod uy ‘sjudred [[e YIIM PIJeId0SSE SUOTIRYD JO I9qUINU UBdW Y} Y} ST dqelrea Juapuadap ay) z uwnjod
ur uajed juewdmba-Tedtpawr yoea YIm pajerdosse SUOIILIId JO ISUINU Ueaw U} ST d[qerIeA jusapuadap Y} I uwmod U 'suolssardar sarenbs
3sea] AIeUTPIO WO SJUSIdJa00 s)10dar o[qe) oY, A[oA1}0adsal S[9AS] OT'0 PuUe ‘G0°0 “I0°0 A} J© OULDYIUSIS [Ed1ISIL)S d)JLIIPUI + PUE “, “,, :DJON

Q961 0} £961 Q961 03 £961 Q961 03 £961 POLIdJ 9seq

SaK S9K S9K d AIunoD puy 93e1g

S9K S9K S9K 4 pou_J

Sax. Sax. Sax. PaIYSIOM

Q¢ Q¢ 19 S193SN[D) JO IqUINN]

149" 149" 149" N

Qclo 186°0 6260 2
(g9zt0) (£296°0) (0096°1)

Lé1to- gelgo L1vgo (soooot) eytde) 1 JAD
(1zhr0) (£6£€-0) (6€290)

+8TgT 0- 6/g8¢ 0 zovgo 0861 031 SL61 X qeI§ gN
(9660°0) (6591°0) (059¢-0)

+£g91°0- €zico 98150 Y261 03 g961 X AeIg gN

suoney) dAReRY Ssuonei)) Judled [V suonei)) jusjeJ YieoH
©) (@) (1)

s1judyeJ SN Aq SjudjeJ JO SUOHEID) UBIIAl Y} Ul sauey)) aIedIpaJAl 1s0J SV d[qeL

56



‘T 3[qe], 0 0U A} UI PI]LIDSIP AIE SIDINOS

eye(q Anunod uSaIog IO d3e3s "G Yded 10j SUOTJBAIISO U} UM PIJRId0SSe SIOLIS 9} Ul UOTje[aLIodone A1eijiqie 10§ Mo[[e ‘9yewnss jurod

oes ypeausq pajrodar ‘sior1d prepuelg ‘porad srdures [ny sy 19A0 aseqejep oy} ur syusjed J[e Jo areys adeIsAe S,AIjUNOd IO J)e)S Yoed 0}

MC:U.HOUUG —UQH—SMHQNS ol suonearasqQO .Qﬁﬁ:ﬁ@m o] Ul papnjour SoLIjunod CMJ@HO% 93] JO }SI] e pulj Os[e ued SIapeal aloym ‘T o[qe], 03 230U a9y} ur

Ppaquiosap se sajedardde reuordas ojur padnoid are sajess ‘g [[eWS A[PATIE[OY ‘I S[qe], 03 910U Y} Ul pUNOj 3¢ Ued W)SAS UOTJedIISSe]d 3} Jo

uondrsap v ‘syusred juswdmby [edstpajA se paziiodazed are jeys syusied [e10} Jo uondRIy 9} SI d[qeriea Judpuadep Sy, ‘suorssaidal sarenbs

JSE9[ ATeurpIo WoIy sjusyFa0d syrodar ajqe) 9y, AJeanoadsar s[oAd] 0T°0 pue “‘S0°0 “I0°0 Y} Je SDULDYTUSIS [ed1SIIL)S dJeDIPUL + PUk “, “,, DION

Gg6T 03 0961

Gg6T 03 0961

Gg6T 03 0961

poLIdJ aseq

ON Sox. Sox ;omdydsoSuy
Sox SOx S9x dJ AunoD) puy 93eig
Sax S9x Sax 4 pouRJ
Sax. Sax SaK PaIY3IIM
9¢ Q¢ Q¢ SI91SN]D) JO IoquNN
14748 (4% Ta1 N
Q16°0 Q160 Q16°0 ol
(€€10°0) (ze10°0)
TI00°0- 9100°0- (soooor) eytde) 13 JAD
(F9000)  (99000)  (9900°0)
#+9£T0°0 #x€TTO°0 #££TTO0 6661 0] 9661 X IqeI§ gN
(1900°0) (£500°0) (9500°0)
#xEQT0°0 #xVLIO00 #xLLT0°0 G661 01 1661 X 91€I§ §N
(€€00°0) (€€00°0) (V€o000)
+¥900°0 +1900°0 +1900°0 0661 0] 9961 X 9eI§ §N

areyg dmbg oareyg dinbg areyg dmbg

(©)

()

(1)

Amyua) Yoz e ;Juawdinby [esipajn 1V PaidaIIq spudjeJ Jo uornper] ut a8uey) :9'y dqe],

57



‘I 3[qeL, 0} 3J0U Y} Ul paqLIdSap aIe
S90IN0s ele( ANUNO0d UFIDI0J 10 3)e)S 'S’ YOEd I0J SUOTJLAIIS]O Y} YITM PIJLIDOSSE SIOLID Y} UT UOTIE[III0d0)NEe ATeI)IqIe J0J MO[[e ‘91ewnsd
jurod yoes yjeauaq pajrodal ‘s1011d prepuelg ‘porad ajdures [Ny sy I9A0 dseqerep oy} ul syudjed [Te jo areys aderaae s,A1)unod 10 3je)s Yoesd
03 3urpI0ddE PaYSom are suonealasqQ ‘d[dwes 9y} ur papnPUI SSLIIUNO0D U3IBI0) 3} JO ISI] © PUIj OS[e Ued SISPEaI dI9YM ‘I [qe] 0} dj0U 3}
Ul paqLIdsap se sajedard3e Teuordar ojur padnord are sajels "G [[ewrs A[oAne[@y ‘T d[qe], 03 dOU 3} Ul PUNOJ 9q Ued WI)SAS UOTedTISSe]d 9}
jo uondruosap v ‘sjusjed [eonnedeurIey paziro3ajed are jeiy sjusied [e10} Jo uondely ay) SI [qeriea yuspuadep JY [, ‘suorssaidal sarenbs jsea]
Areurpro woy syuayFa0d s)10dar d[qe) Y] A[9A10adsar S[PAS] 0T'0 pue “‘S0°0 ‘T0°0 A} Je DUEIPTUSIS [EDTISHE]S AJedIPUT + Pue /, /., PDION

Gg61 03 0861 Gg6T 03 0961 Gg6T 03 0961 poLIdJ aseq
ON Sox. Sox. (oraydsoduy
Sax. SaK. SaK. qJ A13uno)) puy 9jeig
Sax. Sax. Sax. dd porag
Sax Sax Sax PaIY3IOM
9¢ Q¢ Q¢ SI91SN]D) JO IaquNN
148" Ta1 Ta1 N
otgo g0 g0 >l
(92z0°0) (€120°0)
L9000 otooo (soooor) eyrde) 13 JAO
(0£10°0) (S0z0°0) (Tozo"0)
#:L9V0°0 +64¢00 +£4€00 6661 01 9661 X IqNeI§ gN
(9600°0) (£600°0) (£L0o0r0)
+9TTO0 +IQI0°0 «YL10°0 G661 01 1661 X 93815 §N
(¥€000) (¥€00°0) (€€00°0)
#x€S10°0 «IVI00 «0V10°0 0661 0} 96T X 931§ SN
areyg ewireyJ oIeyg eurreyJ oIeyg eurreyq
() (@) (1)

AIMjua) Yjoz e :s[edynadeurreyd 3y pajddir( sjuajeJ Jo uonpoery ut aduey) L'y d[qel,

58



‘I 9[qe], 0} 9JOU dY} Ul PILIDSIP Ik SIDINOS BIe(] “AIFUnod
u31910§ IO 9)e)S G UOed I0J SUOLIBAISSO A} UM PIJRIOSSE SIOLIS 9} Ul UOIIR[ALIOd0Ne Areniqie 10y moffe ‘ajewnss jurod yoes yjesuaq
parrodas ‘s1o11 prepuelg -opdures oy} Ul papnOUI SSLIUNOD USISI0J S} JO JSI[ B PUIJ OS[E Ued SI9PEaI dI9UM ‘I d[qe] 0} )OU Y} Ul PIqLIDSIP
se sajedardde reuordar ojur padnoid axe saje)s g [Tews AJPATIE[dY T S[qe], 03 930U S} Ul PUNOj 9q Ued W)SAS uonedyIsse[d ayj jo uondrosap
v pouad awn jueasiar sy Surmp syusyed s eare ue Jo [[e Aq PIAISISI SUOHEID [[E JO Wins ay} Aq papIalp sjusyed juswdmba-esrpour s, eare
ue Aq PaAILdaI SUOTIRID [[E JJO WINS dY} Sk paje[nded mou st areys juswrdmby 1edsrpajy a ‘ojdwrexa 10, ‘6661 JO Se PaAIedal pey 1 SUOTJeId
arnny jo raqunu 3y} Aq payySem mou st juayed yoes jey ur A[uo ¥ a[qe], ur asoy} woij IoJIp sa[qertea yuapuadap oy, ‘suorssaidar sarenbs
JSE9[ ATeurpIo WOy S)UsdYFa0d syrodar ajqe) 9y, A[eandadsar s[oAd] 0T°0 pue “S0°0 “I0°0 Y} J& SDULDYIUSIS [edNSIL)S dJeDIPUL + PUk “, “,, 9IO0N

GQ6T 0] 0g6T SQO6T 0} 0961  SQ6T 03 06T pOLIdJ 9seq
ON Sox. SoK. ;o1dydsoSuy
S9x S9x. S9K q AnunoD) puy 93eig
S9K Sax S9K dq pou_J
SaK Sax SaK PaIYSIOM
9¢ 19 19 SI9)SN[D) JO IqUINN
474" [4%) 1 (4% N
8880 8880 8880 2
(90z0°0) (1610°0)
€900°0- T900°0- (soooor) eytde) 13 JAD
(Fz10°0) (r110°0) (Yr10°0)
06100 +£610°0 +4610°0 6661 01 9661 X AqeI§ gN
(Y€10°0) (oc10°0) (6110°0)
£90£0°0 66200 «0I£0°0 S661 03 1661 X IqeI§ gN
(2600°0) (2600°0) (€600°0)
£9T200 «£1200 J1coo 0661 0} 96T X 93eI§ SN
areyg dmbg oreyg dinbg areyg dmbg
(6) (@) (1)

yuawdmby [es1paA 1V PadaII( sjudjeJ paYSdap-uoneIr) jo uonder] ut dguey) 9y d[qel,

59



‘I 3[qe[, O} AOU 3} UI PIGLIISIP Ik SIDINOS Bye(]
‘A1unod uJraI0§ 10 3)e)S G YOkd J0J SUOIILAIISAO Y} YIIM PIJRIOSSE SIOLId 9} Ul UOIe[orIodone Areniqie 10§ mofe ‘erewnss jurod yoea
yreauaq pajrodal ‘s1o11 prepuelg -ojdures ayj Ur papnUl SALHUNOD U3DI0J d) JO ISI[ B PUIj OS[e Ued SISPELI dIYM ‘T d[qe], 0} 9J0U Y} UT
paqusap se sajedardde reuordar ojur padnoid axe sajess g [rewrs APATE[SY ‘I S[qe] 0} AJOU S} Ul PUNOJ 3¢ ULd WIISAS UOTJedISSe]d Y} JO
uondunsap vy "pouad awry jueasfar sy SuLmp syusjed s eare ue Jo [[e Aq PIAIIIAI SUOLILIID [[e JO wns 3y} Aq papIalp sjuajed [eonnadewreyd
s,eare ue Aq PaATedaI SUOTIE)ID [k JJO WINS Y} St Paje[no[ed MOoU SI a1eys [edrnadeurreyJ oy} ‘o[durexs 10, ‘6661 Jo se PaAIadal pey JI SUone;n
a1mniny jo raqumu a3} Aq pajySrom mou st juajed oes jey) ur A[uo S d[qe], Ul 3soy) WOy IJJIp sa[qerrea juapuadap ay], suorssardar sarenbs
3sea ATRUTPIO WOIJ SJUSIOLIA00 s)10da1 d[qe) 9], AToA10adSaI S[9AS[ OT'0 PUe “G0°0 “I0°0 A} 1€ DULDYTUSTS [Ed1ISTILIS dJLIIPUT + PUE “, “,, DION

Gg61 03 0861 Gg61 03 0861 Gg61 03 0861 poLIdJ aseq
ON Sox. Sox. (a1aydsoduy
S9K S9K S9K qd Anuno) puy ajeig
Sax Sax SaK dq pou_g
Sax Sax Sax PaIY3IOM
9¢ 19 19 S191SN[D) JO IaqUINN
144" [4%) 1 [4%) 1 N
€980 5980 5980 2
(90z0°0) (9610°0)
¢voo-o Y1000 (soooot) eyrde) 1 JAD
(LY10°0) (z910°0) (1910°0)
LEzoo 64100 64100 6661 0} 9661 X 31eI§ §N
(6010°0) (gor0°0) (ro10°0)
+50z0'0 L4100 YS$10°0 G661 03 I66T X 91eI§ §N
(ot00°0) (¥+o0-0) (et00-0)
£x9410°0 84100 84100 0661 0} 96T X 911§ SN
areyg eurreyJ aIeyg eurreyJ aIeyg eurrey]
() (@) (1)

sTesTInadeuLIeyJ 3y paiddir( sjudjeJ paySap-uoner) jo uonder] ur dguey) 6y d[qel,

60



Appendix 2: Exploration of Synthetic Control Methods

This appendix presents further results involving the synthetic control method used
for the re-weighting of control units for Figure 3. The appendix includes consideration
of inference in the synthetic control context. It is important to note that inference of the
sort considered below makes inefficient use of the context’s data. One could critique
the empirical context as being a setting in which there is effectively one treated unit,
namely the United States. The data, however, appear to reject this view. This conclusion
is driven by the results obtained when using a two-way clustering procedure to calcu-
late standard errors; allowing for arbitrary correlation across all observations within the
United States at each point in time has no material impact on the estimated standard
errors. Observations across regions of the United States thus appear to be effectively
statistically independent. Collapsing the United States into a single unit fails to make
use of valuable information. Nonetheless, it may be worth exploring practical issues
that arise in the context of synthetic control inference, as these issues may arise in more
general settings.

The inference problem can be characterized in the following terms. Inference requires
estimating the distribution of shocks to which the treated units would have been subject
had they not additionally been subject to the treatment. If the relevant shocks are small,
then one may be able to reject the hypothesis that moderately sized treatment-effect
estimates arose by chance from the underlying process. This characterization of inference
is particularly apt in settings in which a single sample unit has been subjected to the
treatment. In such settings, inference requires placing the estimated treatment effect on
a counterfactual distribution of shocks constructed using the outcomes associated with
control units.

Inference is particularly difficult in a synthetic control context like that considered

here because there are relatively few countries from which substantial numbers of patents
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were filed with the USPTO. This is important because the analysis involves using patent
filings as a proxy for innovative effort. Variation in this proxy, and by extension in its
changes over time, thus involves both true differences in innovative effort and noise as-
sociated with the conversion of innovative effort into patents. A distribution of shocks
estimated using small numbers of patents will thus exhibit greater variance than a dis-
tribution of shocks estimated using large numbers of patents. In the current setting, this
will result in overly conservative inference because far fewer patents are associated with
the control units than with the United States.

Appendix Figure A.3 displays unadjusted, country-level changes in medical equip-
ment’s share of each country’s USPTO-granted patents. Panel A shows that U.S. patent-
ing shifted towards medical equipment by 1.2 percentage points from its average from
1963-1968 to its average from 1969-1979. This exceeds the increases taking place in any
of the foreign countries, whose patent-weighted average change was just over o.1 per-
centage point. The remaining panels show that, looking across the technological sub-
categories that contribute to the medical-equipment aggregate, the U.S. had the largest
increase in surgical-equipment patenting, the second largest increase in patenting in di-
agnostic equipment, and is in a pack at the top of the distribution of changes in miscel-
laneous medical-equipment patenting. Because there are only 9 control units, however,
it is difficult to feel confident that their changes fully characterize the distribution of
shocks to which these units were exposed.

Appendix Figure A.4 shows results from synthetic-control estimation. The figure
shows the distribution of placebo treatment effects obtained when assigning treatment
status to each of the control-group countries/units individually. The true synthetic con-
trol estimate, in which the United States is appropriately declared the treatment unit,
is 1 percentage point. This far exceeds the mean of the 9 placebo estimates, which

is quite close to 0. As with the raw changes shown in Figure A.3, the true estimate
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exceeds all placebo estimates, in this case by a moderately large margin. Across the
sub-categories of medical equipment, the true synthetic control estimate is the largest
for surgical equipment, second largest for diagnostic equipment and third largest for
miscellaneous medical equipment.®?® The economic magnitude of the true estimate con-
tinues to look substantial relative to the placebo estimates. Nonetheless, it remains dif-
ficult to assess what constitutes a reasonable estimate of the underlying distribution of
idiosyncratic shocks to the medical equipment patent share.

As suggested by Abadie and Hainmueller (2010), I use the panel aspect of the data
to generate a fuller characterization of the relevant distribution of shocks. Specifically, I
construct a distribution that describes changes in the control units” medical equipment
shares relative to the contemporaneous changes experienced by the remaining sample

units. That is, I characterize the shock associated with country j in period ¢ as

1
Med. Shock;; = AMed. Share;, ;_1) — N_1 2 AMed. Shareg; (;_1), (8)
s#j

where N is the total number of countries in the sample. For the observations used
to construct this distribution to be plausibly independent, their base periods must be
non-overlapping. I thus implement this approach with periods describing changes from
1963-1968 to 1969-1979, 1969-1974 to 1975-1975, from 1975-1979 to 1980-1989, and from
1980-1985 to 1986-1995.

I report the distribution of Med. Shock;; in Figure A.5. The true US estimate of
o0.0102 is illustrated by the dashed black line. The mean of the distribution of shocks is
-0.001 while the standard deviation is 0.005. Among the 36 shocks in the distribution,

one is marginally larger than the true US estimate. Using the “permutation test” style

*»9Note that the estimates associated with the sub-categories do not add to one because the synthetic
control procedure is re-run in each case, generating new sets of weights across the potential “donor” units
in the control group.
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Figure A.5: Distribution of Relative Changes in the Medical Equipment Share: The figure shows the
distribution of shocks defined by Medical Equipment Shock;, = AMedical Equipment Share;, ,_;) —

ﬁ Lszj AMedical Equipment Share,, (,_;. The time periods describe changes from 1963-1968 to 1969-
1979, 1969-1974 to 1975-1975, from 1975-1979 to 1980-1989, and from 1980-1985 to 1986-1995. The true
point estimate of 0.0102, associated with the change in United States from 1963-1968 to 1969-1979, is
illustrated by the vertical, dashed black line.

of inference, the true estimate would be distinguishable from o at the conventional 0.05
level. As emphasized above, the shocks in the figure’s distribution are constructed with
far less patent data than the US point estimate. Consequently, the dispersion of the
resulting distribution is overstated relative to the distribution of interest and inference

will tend to be overly conservative.
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Appendix 3: Calibrating the Effect of U.S. Insurance Expan-
sions on Health Spending Growth

This appendix works through a calibration of the effect of insurance-induced tech-
nological development on the growth of U.S. health expenditures. Its first subsection
presents a straightforward accounting framework for decomposing increases in health
expenditures across several contributing forces. Its second subsection presents a calibra-
tion of the role of each force. The calibration draws on the existing literature in addition

to the current paper’s empirical results.

An Accounting Framework for Characterizing the Drivers of Health

Spending Growth

Real per capita health spending, H, can be described as the product of a per-unit
cost of care, P, and an average quantity of care consumed per person, Q. The average
quantity per person can, in turn, be described illustratively as the product of the fraction
of individuals, f, who can benefit from existing health-care treatments and technologies
and the quantity of care, g, consumed by each of these individuals.

Our current interest is in the long-run effect of health insurance expansions on health
care spending. This includes both its static impact on desired levels of consumption at
a given state of technology and its dynamic impact on the treatments available at each
point in time. I summarize insurance by the average coinsurance rate, ¢, faced by health
care consumers. Demand at a point in time is q; = g(c;). I write the state of the technical
frontier as fi = f(t) + fz(¢t), where ¢; = Yi_, Ajc; is a weighted average of the current
and past coinsurance rates. The term f(f) describes a counterfactual, secular advance of
health-technologies in the absence of changes in insurance arrangements. Establishing

such a counterfactual was a principal aim of this paper’s empirical work. That the re-
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mainder, insurance’s dynamic effect, depends on the history of coinsurance rates reflects
both that innovation does not occur instantaneously and that past innovations may re-
main relevant to the current technical frontier for some period of time.3° At a point in

time, health spending per capita can thus be expressed as:3*

H; = Prq(ce)[f(t) + fe(cr)]- (9)

Differentiating per capita health expenditures with respect to time yields the follow-

Ing expression:

dH t 1 dé

A s prg g ) ) (10)
In this accounting framework, changes in health expenditures per capita can be decom-
posed into 4 pieces. The first, ‘;—1: fq, reflects changes in input costs and productivity,

including administrative loads. The second, Pf q;%, is the static effect of insurance ex-

39Expectations of future arrangements are relevant as well, and are implicitly assumed here to be driven
by the past (Weisbrod, 1991).

311 have assumed away any effects of insurance arrangements on the per unit cost of care. I rule out one
source of such effects to focus attention the long run. Large, short-run declines in coinsurance rates could
drive up the per unit cost of care by increasing demand on a horizon over which the supply of physicians
and nurses does not have time to adjust. I purposefully focus attention on a long run over which the labor
market is in equilibrium. Insurance arrangements could also affect per unit costs by inducing cost-saving
productivity advances. While such advances are clearly important, I follow Weisbrod in emphasizing that
20th century insurance expansions were largely associated with cost-plus financing arrangements, which
do not provide incentives for cost-reducing changes in technology. Developments of this sort have not
been in short supply, but are appropriately considered to be part of the counterfactual evolution of the
per unit cost of care. A striking health-sector example involves the productivity revolution in diagnostic
imaging with CT scanners as analyzed by Trajtenberg (1989, 1990b).

Given the limited role of consumers in medical decision making (Arrow, 1963) this accounting frame-
work may appear to place an excessive emphasis on the role of demand. The quantity per patient, g(c;),
need not be viewed solely as a reflection of consumer-driven demand, however; it could also be written as
being a function of the system of provider reimbursements. Reflecting the prevailing reimbursement sys-
tems of the mid-to-late 20th century, I implicitly assume cost-plus reimbursement as a constant feature of
the environment. Importantly, within a stable reimbursement environment, quantities will increase as cost
sharing falls even if one models patients as passively accepting the recommendations their physicians. So
long as physicians act, at least partially, as agents of their patients, their supply curves will have negative
slopes with respect to their patients” out-of-pocket price.
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pansions on demand for care. The remainder of any increases in spending are captured
by the pieces of equation (4) that involve technical advances. This paper’s empirical
work informs a division of this remainder between the secular, counterfactual advance

of technology in a stable insurance environment, Pq%, and the dynamic effect of in-

. I dé,
surance expansions, Pg ff%.

Estimating the Dynamic Effect of Insurance Expansions on U.S. Health

Expenditures

This section uses the above accounting framework to estimate the contribution of
insurance’s dynamic effects to the growth of U.S. health expenditures. Panel A of Ta-
ble A.10 presents the inputs used for my calibration of the effect of non-technological
factors. The total increase in real per capita spending in hospitals, physicians’ offices,
and other clinical settings over the last half century was roughly $4,200 (from a base of
roughly $700 in 1960 to $4900 in 2010). Estimates from Cutler and Ly (2011) and Pozen
and Cutler (2010) suggest that $616 of this increase, or 15 percent, may be attributable to
changes in administrative costs.3> Newhouse (1992) highlights difficulties in attributing
changes in spending to other aspects of per-unit cost like physician salaries. In short, it
is difficult to disentangle prices and quantities since relatively high physician incomes
(both historically and across countries) are also associated with the performance of rela-
tively skill-intensive medical procedures. I follow Newhouse in not attributing spending
growth to such factors.

I next calibrate the potential role of insurance’s static effect on demand for care. An

initial estimate of $335, or 8 percent, comes quite directly from calculations by Manning

32The estimate comes from a comparison of administrative costs in the United States and Canada.
Absent reliable historical information on administrative costs in the United States, I essentially take current
administrative costs in the relatively streamlined Canadian system as an estimate of U.S. administrative
costs prior to the advance of insurance complexity over the last half century.
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Table A.10: Calibration of the Dynamic Effect of Insurance on Spending in Hospitals
and Physicians’ Offices

Total Growth to Explain $4,197 National Health Expenditure Data

Panel A: Non-Technological Factors

Spending Per Unit of Care $616 Cutler and Ly (2011); Pozen and Cut-
ler (2010)
Small Static Demand Effect $335 Manning et al. (1987); Finkelstein
et al. (2012); Newhouse (1992)
Large Static Demand Effect $1,006 Above plus Finkelstein (2007)
Panel B: Technology Residual
Small Static Effect Large Static Effect
Technology Residual $3,246 $2,576

Panel C: Scenarios for Allocating Residual between Counterfactual Technological Advance and the
Dynamic Effect of Insurance

Counterfactual Scenario Due to Insurance Features of Scenario

Scenario A: 30% Counterfactual of non-European in-
novators; only recent innovations
matter.

Scenario B: 17% Counterfactual of non-European in-
novators; two decades of innovations
matter.

Scenario C: 25% Counterfactual of all foreign innova-
tors; only recent innovations matter.

Scenario D: 12% Counterfactual of all foreign innova-
tors; two decades of innovations mat-
ter.

Panel D: Estimated Contribution of Insurance’s Dynamic Effect

Counterfactual Scenario Small Static Effect Large Static Effect
Scenario A: $978 $776
Scenario B: $562 $446
Scenario C: $823 $653
Scenario D: $375 $297

Note: Author’s calculations using sources described in the table and results presented earlier in this paper.
Further details of the calibration exercise can be found in the text.
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et al. (1987). As summarized by Newhouse (1992), the Rand health insurance experi-
ment found that “the effect of moving from an average coinsurance rate of 33 percent
to a coinsurance rate of zero at a point in time is roughly a 40 to 50 percent increase in
demand.” The described reduction in coinsurance rates is quite similar to the decline
in the out-of-pocket share for spending in hospitals and physicians” offices from 1960 to
2010, which was from 36 percent to 6 percent.33 The moderate demand elasticities from
the Rand and Oregon health insurance experiments are thus consistent with a modest
role for static demand effects as drivers of increasing health expenditures. Finkelstein
(2007) notes that large-scale insurance expansions may explain a larger share of spend-
ing growth than these estimates imply. Specifically, large scale expansions may have
general equilibrium effects on the way hospitals and physicians organize their practice
of medicine. In an alternative estimate of insurance’s static effect, I allow such general
equilibrium impacts to triple its size to $1,006.34

The calibration leaves a residual per capita spending increase of either $3,200 or
$2,600 (77 or 61 percent of the total) to be explained by advances in health-care tech-
nology. Consistent with analysis by Newhouse (1992), Cutler (2004), and Chandra and
Skinner (2012), these estimates attribute the lion’s share of the rise in health expenditures
to the advance of health technologies. Panels A and B of Figure A.6 provide suggestive
evidence that such an allocation is reasonable, as they show tight relationships between
expansions in health sector patents as shares of total patents and expansions in health

spending as a share of GDP. Health spending in hospitals, physicians’ offices, and other

33Applying a demand elasticity of -0.2 to the change in price of roughly 180 log points produces a
similar, but somewhat smaller estimate.

34This is moderately smaller than Finkelstein’s (2007) preferred calculation, which suggests that the
static demand effect may account for as much as half of the increase in hospital spending. While general
equilibrium effects are undoubtedly important, Finkelstein’s estimate are sufficiently larger than all others
that use of an intermediate value may be appropriate. Additionally, and consistent with industry-studies
of medical-equipment innovation, this paper’s results imply a short lag between Medicare’s introduction
and increases in medical-equipment innovation. Finkelstein’s estimates of Medicare’s effect on health
spending through 1970 will thus incorporate, in small part, some effects of insurance-induced innovation.
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Patents and Health Spending

Panel A: Non-Pharmaceutical Panel B: Pharmaceutical
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Figure A.6: US Health Spending and Health-Sector Patenting Over Time: The patent series were
constructed by the author using data from the NBER Patent Database (Hall, Jaffe, and Trajtenberg, 2001).
A description of the system for classifying Medical Equipment and Pharmaceutical patents can be found in
the note to Table 1. The spending series were calculated using the historical National Health Expenditure
data reported by the Center for Medicare and Medicaid Services (CMS). The spending series in Panel A
describes all health spending that takes place in hospitals, physicians’ offices, and other clinical settings.
The spending series in Panel B describes health spending on pharmaceuticals only.

clinical settings moves quite tightly with medical-equipment patenting. Drug spending
escalated significantly during the biotechnology patenting boom of the 1990s.

Table A.10’s Panel C presents a range of estimates of the fraction of the residual
health-spending growth that can be explained by the dynamic effect of insurance on
incentives for innovation. The range reflects the possibilities implied by permutations
of two coarse assumptions. The assumptions are required for a) estimating the counter-
factual path of U.S. medical-equipment innovation that would have occurred in a world
without its insurance expansions and b) translating this counterfactual path of innova-

tion into current health expenditures.
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I estimate the counterfactual level of medical-equipment innovation in two ways. The
tirst takes the counterfactual to be the path of innovation among the non-English speak-
ing, non-European countries. The second, which produces more conservative estimates
of the effect of U.S. insurance expansions, takes the counterfactual to be the path of
innovation among all foreign patenters. In both cases I assume that the United States
accounts for half of global medical-equipment innovation. Worldwide patent data from
the OECD show this to have been the U.S. share of all medical-equipment patents dur-
ing the last years of the 2oth century. U.S.-based innovators account for closer to 68
percent of all medical-equipment patents (61 percent of all patents) in the NBER Patent
Database, but not all foreign health innovations are patented with the USPTO.

I also employ two assumptions for translating counterfactual paths of innovation into
current health expenditures. The first is that only the 5 most recent years of innovation
continue to affect current health expenditures. The second is that innovation from the
prior two decades affect current health expenditures.

Scenario A takes the counterfactual to be the path innovation among the non-English
speaking, non-European countries. It further assumes that only the last 5 years of in-
novation impact current health spending. In this scenario, I estimate that the dynamic
effect of U.S. insurance expansions increased global medical-equipment innovation by
30 percent. When the static effect of insurance on health-care consumption is assumed
to be relatively small, the results imply that insurance’s dynamic effects explain about
$1,000 of the $4,200 increase (nearly 25 percent) in real per capita spending at hospitals
and physicians’ offices. When the static effect of insurance is allowed to be relatively
large, the dynamic effect can account for nearly $80o0 of the increase. Replacing the
counterfactual with a counterfactual of patenting in all foreign countries reduces these
estimates by about one sixth.

Assuming that a full two decades of medical-equipment patenting influence cur-
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rent health-care spending results in relatively conservative estimates of the dynamic
effect of insurance. This assumption reduces the estimates of U.S. insurance expan-
sions’ contribution to global medical-equipment innovation by roughly 13 percentage
points. Given the tight and nearly contemporaneous tracking of the series for medical-
equipment patenting and spending in hospitals and physicians” offices (Figure A.6), this
assumption may be less realistic than the assumption that current spending is driven by
relatively recent innovations.

The estimates in Table A.10 highlight the high level of uncertainty associated with
translating documented shifts in patenting activity into changes in health care spending.
Additional considerations provide plausible arguments for either increasing or decreas-
ing one’s preferred estimate of the effect of U.S. insurance expansions on medical spend-
ing. Concern that the estimated shifts in patenting overstate shifts in impact-adjusted
innovation, for example, would be cause for a downward revision. Concern that the
counterfactuals fail to adequately account for effects of U.S. markets on foreign innova-

tion would be cause for an upward revision.
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