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18.1 Introduction

The idea that differential adoption of new technology can explain pro-
ductivity differences across regions has gained acceptance in the econom-
ics literature. Most of the variation in income per capita across countries -
appears to come from differences in total factor productivity (TFP) rather
than differences 1n inputs such as capital or labor (Klenow and Rodriguez-
Clare 1997; Casselli and Coleman 2006), and income differences have been
directly related to differences across countries in technology adoption
(Comimand Hobijn 2004). Economic models such as that proposed by Par-
ente and Prescott (1994) imply that relatively small differences across
countries in barriers to technology adoption could explain much of the
difference in income levels and growth across countries. In medicine, the
recent emphasis on accountability has documented a similarly wide varia-
tion in medical practice, with most observers agreeing that improvements
incompliance with well-established guidelines could lead to substantial im-
provements in health outcomes of lagging regions (Berwick 2003; Jencks,
Huff, and Cuerdon 2003; Skinner 2003).

The real question is why some countries or regions are successful in
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adopting efficient technological mnovations and why others lag behing
The classic research in economics goes back to the study of state-leye] hy-
brid corn diffusion during the 1930s and 1940s by Zvi Griliches (Gl‘ilichzs
1957). For Griliches, the answer was clear: the presence of differentia] eco-
nomic incentives and the profitability of innovation determined the wide
variations in the pace of diffusion.! However, this view of the diffusion of
technology was not shared universally. During the early 1960s, there wasa
long and contentious debate between Griliches and sociologists in the
pages of Rural Sociology on what caused technology to diffuse. In this ey.
change, the sociologists, including Everett Rogers, emphasized charac-
teristics of individual decision makers, the structure of networks, and in-
teractions among decision makers in regulating the speed and exten of
diffusion (Brandner and Straus 1959; Griliches 1960, 1962; Havens and
Rogers 1961; Rogers and Havens 1962; Babcock 1962). While Griliches ul-
timately acknowledged the potential importance of these sociological fac-
tors (Griliches 1962), the literature on diffusion in sociology and the par-
allel literature in economics has shown little cross-fertilization, at least
until quite recently.?

In this paper, we return to the debate between Griliches and the soci-
ologists by considering a number of technological innovations in addition
to hybrid corn, with a particular focus on the treatment of heart attacks
(acute myocardial infarction [AMI]) in the 1990s. Between 1984 and 1998,
mortality among the elderly in the year following a heart attack fell from
41 percent to 32 percent, with most of the gain representing progress in
medical technology (Cutler 2004; Cutler and McClellan 2001). Despite
these gains, there remain large and persistent differences across regions in
the survival rates of observationally identical heart attack patients, differ-
ences that cannot be explained by variations in expenditures or surgical
rates of diffusion (Skinner and Staiger 2006; Skinner, Staiger, and Fisher
2006). These patterns suggest that, like hybrid corn, the diffusion of new in-
novations in the treatment of heart attacks has been uneven, with some re-
gions lagging behind others.

In a previous study, we found that early adopter states of hybrid corn in
the 1930s and 1940s were also the early adopter states of beta-blockers for
the treatment of heart attacks in 2000 to 2001 (Skinner and Staiger 2006).
Beta-blockers are a highly effective and inexpensive off-patent drug used
among appropriate AMI patients to reduce demands on a weakened heart.
Chinical trials indicate the use of beta-blockers reduce mortality by 25
percent or more (Gottlieb, McCarter, and Vogel 1998; Yusuf, Wittes, and
Friedman 1998) and their beneficial effects have been well understood for

1. Hall (2004) provides an excellent synthesis of both the economic and sociological litera-
ture on diffusion.
2. See, for example, Calvo-Armengol and Jackson (2004) and Conley and Udry (2004).
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several decades (Yusufetal. 1985). In this paper, we expand our set of tech-
nological innovations to include not just hybrid corn and beta-blockers,
put also tractors in the first half of the twentieth century, computers in the
1980s and early 1990s, and more general measures of technological pro-
gress in health care: changes and levels in one-year mortality and one-year
expenditures for AMI patients during 1989 to 2001. Briefly, we find a
strong state-level association in the likelihood to innovate in all technol-
ogies, ranging from tractors to beta-blockers.

We next use a factor analysis approach to ask what characteristics of the
state are most strongly associated with technological innovation in general
and which are most closely associated with higher costs for treating heart
attacks. Conventional economic explanatory variables include per capita
income and population density to reflect potential geographic spillovers.
As well, we also include high school attainment in 1928 (Goldin and Katz
1998) and a measure that reflects social networks or social capital more
generally (Putnam 2001), a mechanism stressed in the early work on the dif-
fusion of medical technology (Coleman, Katz, and Menzel 1966). Nearly
all of the variables considered in the analysis line up along two latent fac-
tors. The first latent factor is highly associated with education (correlation
0.95) and the Putnam social capital index (correlation 0.97). This first fac-
tor is also closely associated with the adoption of hybrid corn, tractors,
beta-blockers, and both the level and decline in AMI mortality, with some-
what weaker correlation for computer ownership, but is not associated
with increased costs for the treatment of heart attacks. The second latent
factor is strongly associated with per capita income (correlation 0.84) and
population density (correlation 0.89) in the state. While this second factor
is largely unrelated to technological diffusion or quality of health care, it is
closely associated with higher health care costs (correlation 0.92).

In sum, there appear to be common factors or barriers within regions
governing the adoption of cost-effective technology, whether corn, trac-
tors, computers, or beta-blockers, and these are associated with the pres-
ence of education (or more effective social or informational networks) in
the region. Yet the adoption of these effective technologies was not associ-
ated with either per capita income or money spent treating heart attack pa-
tients. While Griliches (1957) developed powerful economic approaches to
predict early technology adoption, sociological or network models may
hold greater promise in explaining why some regions seem to lag so far be-
hind.

18.2  Griliches versus the Sociolegists on Technological Diffusion

Griliches (1957) hypothesized that farmers who stand to gain greater
profits from an increase in productivity (per acre) would be more likely to
adopt the use of hybrid corn, a type of corn that increased yield by about
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20 percent. Noting that the dollar value of investing in hybrid corn was
larger for agricultural land that was already more productive prior to
adoption, he estimated a strong and significant state-level (and Crop re-
porting area} association between adoption and the initial value of agri-
cultural land (see also Dixon [1980], who found similar results). Griliches
acknowledged the potential importance of sociological factors in affecting
diffusion but dismissed them as relatively unimportant; .

It is my belief that in the long run, and cross-sectionally, these [sociolog-
ical] variables tend to cancel themselves out, leaving the economic vari-
ables as the major determinants of the pattern of technological change.
This does not imply that the “sociological” variables are not important
if one wants to know which individual will be the first or last to adopt g
particular technique, only that these factors do not vary widely cross-
sectionally. (522, footnote 45)

Sociologists were not entirely pleased with this assessment of their work .
They attempted to challenge the Griliches results on statistical grounds by
focusing on time series rather than cross-sectional analysis, but this ap-
proach was not entirely successful because by appropriate correction for
inflation, Griliches (1962) reversed their result to one supporting his prof-
itability hypothesis. More successful was their study showing that hybrid
sorghum tended to be adopted not so much where adoption was more prof-
itable, but by farmers who had previously adopted hybrid corn, and was
thus supportive of the idea of “congruence,” that innovation was easier
when one has innovated in the past. The sociologists focused more on the
observation that diffusion took place too slowly to conform to a purely
economic model:

The acceptance of improved farming practices is determined largely by
economic considerations yet, if economic considerations were the only
basis of acceptance, improved practices would be adopted as rapidly as
their economic advantages were demonstrated. But, not only is there a
considerable lapse of time between initial acquaintance and adoption
of a practice, but those who would benefit most from improved prac-
tices are frequently the last to adopt them. (Wilkening [1953] quoted
in Havens and Rogers [1961, 410]).

Ultimately, Griliches grudgingly acknowledged the importance of soci-
ological factors in diffusion, observing that “If one broadens my ‘profit-
ability’ approach to allow for differences in the amount of imformation
available to different individuals, differences in risk preferences, and simi-
lar variables, one can bring it as close to the ‘sociological’ approach as one
would want to” (Griliches 1962, 330). While Griliches may have ultimately
rejected the either-or approach of the earlier debate, others, such as Schultz
([1964, 164], quoted in Dixon [1980]) viewed his work as demonstrating the
primacy of economic over sociological models in development economics.
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Economic models of diffusion since then have largely remained firmly
within the context of profitability and relative advantage as the most im-
portant factors determining the adoption of new technologies, as in the
two models developed in Jovanovic and Nyarko (1995, 1996) where the rel-
ative advantage of the individual agent, for example, his past investments
in specific technologies, determines whether a new technology is adopted.
The common feature in these models is the absence of individuals interact-
ing with others except indirectly through market forces. The literature in
health economics has generally been more sympathetic to the idea of net-
work effect on physician practice style (Fournier, Prasad, and Burke 2002),
but even these are often poised in the form of individual Bayesian learning
models (for a review, see Phelps 2000).

Exceptions are Foster and Rosenzweig (1995), where farmers learned
about their own optimal agricultural inputs by observing what other farm-
ers do (knowledge spillovers), and Berndt, Pindyck, and Azoulay (2003),
who allowed for the possibility of network effects in the prescription of an-
tiulcer drugs. More recently, Conley and Udry (2004) were able to establish
convincingly the importance of social networks in effecting these knowl-
edge spillovers. They found that in Ghana, pineapple farmers emulated in-
put choices of the more successful farmers inside their social network.

The medical quality-improvement movement has adopted a sociological
framework to understand why highly cost-effective treatments such as
screening for breast cancer, annual flu shots, and the use of beta-blockers
lag behind ideal levels (Berwick 2003). In this literature, physicians are cat-
egorized into groups such as early adopters and laggards, and the focus is
on individual “change agents” who can shift treatment norms within hos-
pitals (Berwick 2003; see Rogers 1995).

Their emphasis on sociological factors is not entirely surprising. There
are few if any economic incentives to prescribe beta-blockers or flu shots,
so standard economic models of learning by doing or Bayesian updating
could have limited predictive power in explaining diffusion (Skinner and
Staiger 2006). What makes the lag in beta-blocker adoption puzzling is
that the clinical benefits have been understood for many years. In 1985,
Yusuf et al. (1985), concluded in their abstract that: “Long term beta
blockage for perhaps a year or so following discharge after an MI is now
of proven value, and for many such patients mortality reductions of about
25% can be achieved”” In 1996, the National Committee for Quality As-
surance adopted beta-blocker use as a marker of quality (Berndt 2001),
yet median state compliance with appropriate beta-blocker use in 2000 to
2001 was still just 69 percent (Jencks, Huff, and Cuerdon 2003). For the
same reason, it would be difficult to develop an economic model explain-
ing why the use of X-rays for fractures lagged for several decades in the
first part of the twentieth century (Howell 1995) or why more than a cen-
tury passed between the discovery that lemons and limes prevented scurvy







