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 Since World War II, funding for scientific research in the United States has come 
predominantly from agencies of the federal government. A national consensus upholding 
this federal responsibility is reflected in the federal agencies responsible for advancing 
basic scientific knowledge (NSF) and furthering knowledge in the specific areas of 
human health (NIH), Space (NASA), energy, agriculture, and especially defense. This 
arrangement has been characterized as science federalism.2 The preponderant role of the 
federal government in funding science has shaped the respective roles of other 
stakeholders in American science. This is particularly true for universities, which have 
consistently performed roughly one-half of the nation’s basic research. And it also 
applies to the states, which have long played a critical role in sustaining those universities 
and their capacity to perform research.  
 

The states have been decidedly junior partners under science federalism, chiefly 
responsible for the institutional base for academic research. In recent years, however, 
states have become increasingly active formulating and implementing policies to further 
science and technology (S&T). This paper provides an overview and analysis of those 
efforts in one state—the Commonwealth of Pennsylvania (PA). The state typifies the 
problems of a large industrial state that has long wrestled with the challenge of a 
declining manufacturing base. PA is sixth in the country in population and gross state 
product (GSP). It is fifth in public expenditures on higher education, fourth in 
performance of academic research, and boasts four of the nation’s top-fifty research 
universities. Since the early 1980s, PA has sought policies that could mobilize this strong 
academic and scientific base to assist in generating new, technology-based industries.  

 
Before detailing the PA case, however, some basic features of S&T policy in the 

states need to be explored. The following sections will first trace the evolution of state 
S&T policies, the different ways in which they seek to affect academic research 
enterprise, and the pitfalls of making science policy at the state level. 

 
Evolution of the state role in S&T 

 
American states have chiefly supported science through their public universities. 

The Morrill Land-Grant Act of 1862 determined the subsequent path in two respects. It 
established an official connection between universities and the teaching of agriculture 
and engineering; and, by providing an inducement for states to establish universities, it 
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helped create a public system of higher education. These two areas of state interest 
developed quite irregularly across the several states. 

 
Some states began to support their universities with tax revenues in the late 

nineteenth century, but very few considered scientific excellence to be an objective. 
Before World War II, the flagship universities of California, Illinois, Michigan, 
Minnesota, and Wisconsin had become significant participants in academic research, and 
their counterparts in Texas, North Carolina, Ohio and Iowa were following their path. 3 
With the emergence of science federalism after 1945, states readily accepted the role of 
supplying the university vessels into which federal research dollars would flow. Still, this 
was by no means a universal process. States provided the funds to enlarge their flagship 
universities chiefly as an educational policy to cope with burgeoning student demand. 
Whether or not these resources were used to erect an effective research university 
depended on established traditions of research, campus leadership, and the level of 
financial support from state legislatures. In addition, a number of federal programs of the 
1960s were designed to increase university research capacity, but again, campus 
leadership and state resources were required to capitalize on these programs. The state 
universities best positioned to advance in the postwar environment were the ones 
mentioned above and some other mid-western and western schools. By the 1970s, 
Sunbelt states awoke to the benefits of first-class universities. Funds were committed to 
build or enhance research capacity in Texas, Arizona, North Carolina, Georgia, and 
Florida. States ultimately played the dominant role in developing research capacity 
through investments in their major universities. 

 
Since 1990, state legislators in all regions have grown increasingly parsimonious 

with state appropriations to support the educational mission of universities. The resulting 
shift in the costs of public higher education onto students has been widely remarked. In 
this context it represents a secular shift away from the historic policy of supporting 
education and research as a joint product. Instead of a stealth companion of state higher 
education policy, research has become the focus of state policies linking S&T explicitly 
with economic development. 

 
State technology policies were first prompted by the 1887 Hatch Act, which 

provided regular federal support for state agricultural experiment stations. The act 
resulted in ongoing agricultural research in every state, and, once established, agricultural 
interests prodded state governments to expand this work. Soon, enthusiasm developed for 
creating similar arrangements for engineering research. This movement foundered at the 
national level, but a few states went ahead with their own initiatives. In both these 
cases—agriculture and engineering—state support for technology development has often 
been a substitute for research performed by industry. Decentralized industries tend to lack 
a capacity to conduct research internally, yet technological innovation may significantly 
improve performance and economic impact. Following the lead of agriculture, states 
found it expedient to support university-based research on mining in Minnesota, textiles 
in North Carolina, locomotives at Purdue, small scale engineering at Georgia Tech, 
transportation at Penn State, and forest products at numerous campuses.4 Thus, state S&T 
policies are not an anomaly, but rather a characteristic political reaction to the perceived 
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special needs of local industries. Nevertheless, recent state policies have been oriented 
toward research-intensive or high tech industries, and have become far more ambitious as 
well. 

 
The environment for universities and science policy began a dramatic change 

around 1980—the beginning of the current era.5 The economic malaise that persisted 
through the 1970s (stagflation) was attributed to the declining competitiveness of U.S. 
industries. Since this corresponded with a relative decline in research performed by U.S. 
industry, a popular remedy called for greater realization of the economic potential of 
research, particularly university research. The changing zeitgeist set in motion several 
trains of events. Intellectual property laws were liberalized to encourage increased 
patenting of research findings. Universities embraced the role of technology transfer by 
seeking collaboration with industry, building research parks, and opening offices for 
patenting and licensing. Government policies to foster tech transfer were another aspect 
of this trend. Active federal programs soon followed. At the federal level the 1980s Bayh-
Dole Act was followed by a program of grants for Small Business Innovation Research 
(SBIR) in 1982; NSF Engineering Research Centers (ERCs) were launched in 1985; 
technology transfer from government laboratories was encouraged in 1986; Defense 
Department support for Sematech was pledged in 1987; and the Advanced Technology 
Program was born in 1988.6 In the meantime, a number of states had begun programs of 
their own. 

 
It is unusual for the states to seize leadership in dealing with a consensus national 

need. In this case, however, the Republican administration was strongly opposed to a 
national “industrial policy” (selectively strengthening targeted industries for global 
competition). States, in contrast, willingly accepted the idea of facilitating tech transfer 
for the special needs of local industry. The specific concern was the decline of U.S. 
manufacturing, and the typical state response consisted of programs that supported 
collaborative research between local universities and industry partners. Unlike the ERCs, 
which were open to proposals affecting any industry, state programs tended to be targeted 
at specific local technologies. They typically established research centers at state 
universities for academic and industrial investigators to work collaboratively. Industrial 
partners were generally large corporations, and they were asked to contribute part of the 
funding.  

 
Only a few states invested in building research capacity in basic science fields 

with the expectation that fundamental discoveries and highly educated specialized 
workers would enhance local industries. Texas’s Advanced Technology Program 
provided such support for areas where Texas universities were particularly strong. More 
consequential, Texas provided special financing to bring the Microelectronics and 
Computer Technology Corporation to Austin in 1983, followed by Sematech in 1988. 
New York in 1983 created centers for advanced technology at public and private 
universities, and New Jersey made similar investments in the early 1980s. These steps 
generally responded to the needs of specific corporations, aiming to bolster their 
competitiveness through provisions for enriching local sources of generic or pre-
competitive research.7  
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A somewhat different tack was taken by Pennsylvania when it created the Ben 

Franklin programs in 1982 (discussed further below).8 These programs provided a variety 
of services to small firms to help them commercialize innovations, including matching 
grants and networking assistance to contract for university research. The first state 
program of its kind, the Ben Franklin programs were widely admired and imitated. The 
appeal of short-term economic stimulation through aid for commercialization carried an 
obvious political attraction. 

 
By 1990, some 144 university-industry research centers had been established in 

22 states. However, in the new decade the enthusiasm and funding for proactive state 
science policies waned.9 State leaders, interested above all in job creation, became 
disillusioned with universities, which they felt used these programs largely to enhance 
their own research. The national mood became less supportive as well. Many 
Republicans remained adamant against ‘industrial policy’ and ‘corporate welfare.’ When 
the GOP gained control of Congress in the 1994 midterm election, there was serious talk 
of reducing the federal science budget by one-third. American science, it seems, was no 
longer key to industrial competitiveness.10 This depreciation of science also registered in 
the states. The growth of state contributions to academic research stagnated. In the mid-
nineties, state policies toward science still reflected their traditional roles of supporting 
universities and substitutes for industrial research.11 

 
The economic environment changed in the second half of the 1990s. Steady 

economic expansion accelerated into the ‘dot.com bubble’ at the end of the century. 
Technology once again was hailed as the savior of U.S. industries and the best hope for 
the economy. State interest in promoting technology-based economic development 
quickened, especially after 2000. The National Governor’s Association boosted the cause 
with published reports on “Building State Economies by Promoting University-Industry 
Technology Transfer” and “Using Research and Development to Grow State 
Economies.”12 The twenty-first century spawned a new generation of state policies for 
technology-based economic development, or TBED (pronounced tee-bed in economic 
development circles). Many of these policies, particularly in the larger states, emphasized 
investments in building capacity for basic research.13 They also tended to emphasize the 
creation and commercialization of intellectual property. Most important, university 
research in strategic fields became yoked to the cause of economic development. 

 
State S&T policies for the 21st century 

 
State S&T programs—the constituent elements of policies—run the gamut from 

technical assistance for local shops to support for the most blue-sky basic research.14 In 
general, “downstream programs” are intended to provide assistance directly to small 
companies or entrepreneurs trying to launch them. “Upstream programs” aim to assist the 
creation of knowledge underpinning innovation through basic or generic research, and 
they are more often found in the larger states having major research universities. 
However, the recent trend has been toward omnibus S&T legislation that promises multi-
year funding for a set of programs with targets up and down the streambed. Such 
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legislation usually comprises a mixture of new and old (often renamed) commitments. 
Rather than trying to describe or classify these multidimensional efforts, the discussion 
that follows identifies the principal themes that characterize state S&T policies of the 
twenty-first century.  

 
From endogenous growth to cluster building.  The dominant strategy of state policies like 
the Ben Franklin programs has been endogenous growth—the aim to achieve economic 
development internally by assisting local industries to develop and expand. The focus 
here falls on smaller firms, and assistance is typically offered in the form of technology 
development through access to research or loans for developing new products. Recently, 
policies of this genre have been given a new twist. States now profess to be eager above 
all to develop “clusters.” Writings by Michael Porter and others have popularized the 
notion that the most robust and enduring form of economic advancement occurs through 
the concentration of firms in the same high-tech industry.  
 
 The logic of building clusters encourages two distinct approaches to TBED—the 
creation and nurture of new firms and the intensification of knowledge assets. Clusters by 
definition require both numbers and density, but beyond this consideration start-up and 
early-stage firms are presumed to be the natural vehicles for innovation and job 
creation.15 Endogenous growth strategies of the new century have been consciously 
targeted on such neophyte firms through the creation of ‘innovation zones,’ the 
establishment of business incubators or ‘entrepreneurial development centers,’ and 
arrangements for the provision of venture or seed capital. Universities are expected to 
play a key role in forming or anchoring clusters, at least those formed around technology-
based industries. New York, New Jersey, and Pennsylvania, for example, created their 
respective innovation zones around universities. Universities are an important source of 
the innovations underlying the genesis of new firms. They also enrich the labor pool, 
which is a vital factor for endogenous growth.16 Finally, through their research base, they 
provide a continual source of the new knowledge and expertise needed to sustain 
competitiveness. This last consideration, however, requires a different kind of S&T 
policy. 
 
Centers of excellence.  Since 2000 states have become increasingly willing to make major 
investments in the scientific prowess of universities in areas strategic to science-based 
technologies. Such policies have been motivated by recognition of the competitive nature 
of these fields and the crucial role of cutting-edge research as the basis for innovation, 
intellectual property, and industrial advantage. Individual programs typically support the 
hiring of ‘star’ professors and the creation of vital research infrastructure. The rubric, 
‘centers of excellence,’ covers a variety of arrangements, many antedating 2000. 
However, states like New York and Georgia have intensified these investments since that 
date. The most audacious commitment was made by California in 2000 in launching the 
four California Institutes for Science and Innovation. The California Institutes, like most 
of these arrangements, required matching funds from industry participants, thus ensuring 
the relevance of the prospective research.17 
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 The policy of building scientific quality in selected areas has been a boon to 
universities, particularly financially strapped state institutions. It promises to pay for 
itself in part through enhanced federal research grants, regardless of economic impact. 
This strategy is particularly appropriate for biomedical fields that can tap NIH support. 

 
Tobacco Road.  In 1998, states negotiated the Master Tobacco Settlement Agreement 
with the principal cigarette manufacturers, an arrangement that amounted to a large, 
judicially imposed tax on smokers.18 The settlement produced an enormous annual 
windfall of c. $6 billion. Many states chose to invest some portion of these funds in 
biological and medical research. States largely followed the usual approaches. Tobacco 
funds were used extensively to expand research capacity in the biosciences, a move that 
was particularly timely given the rapid advances in genomics and biotechnology as well 
as the 1997 federal commitment to double the budget of the National Institutes of Health. 
In some cases funds for research were given directly to university institutes. In addition, 
these investments were typically linked with commercialization of medical therapeutics 
as part of a TBED strategy. Thus, the overriding aim of these investments was economic 
development rather than alleviating the evils of smoking or its alleged costs to the states 
(the pretext for the lawsuit). 
 
 Tobacco settlement funds served as an opening wedge for state support for 
bioscience programs. By 200, thirty states were providing over $400 million in annual 
research funds for the life sciences, mostly through tax revenues. Additional programs 
invested in infrastructure for biomedical research and the hiring of star faculty. These 
upstream investments were accompanied by just as vigorous expansion of downstream 
commitments to commercialization funds, seed or venture capital, and business 
incubators for biotech firms.19 Thus, states invested in both the quantity and quality of 
their bioscience capacity with explicit expectations for economic returns.  
 

Upstream and downstream policies are not mutually exclusive, but 
complementary. Both approaches are also consistent with science federalism. However, 
in one area state policies broke new ground by rushing to fill a lacuna in the federal 
system of science support. 
 
Stem cells.  In a dubious effort to reach a compromise acceptable to Christian 
fundamentalists and the scientific community, President George W. Bush limited 
federally funded research on stem cells to a small number of pre-existing cell lines. As 
scientific interest in stem cell research grew, along with popular expectations for 
miraculous regenerative therapies, these approved cell lines proved entirely inadequate 
for research needs. The resulting gap created an opportunity for the states to fill a critical 
void in human health research, but also to gain advantage in the subsequent 
commercialization of a potentially lucrative medical technology. 
 
 California was the first to act in 2004, when voters approved Proposition 71 to 
sell $3 billion in bonds to support stem cell research for ten years ($300,000,000/yr.).  
This initiative established the California Institute for Regenerative Medicine to 
coordinate and lead this huge effort. Other states feared California dominance and reacted 
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with projects of their own. New Jersey, with a pharmaceutical industry as large as 
California’s, established a research grants program in 2005 and became the first state to 
actually award funding for research projects. By 2008 New Jersey and California had 
been joined by seven more states.20 
 
 By establishing research grants programs, the states have unwittingly usurped one 
of the critical roles of federal science agencies—judging the relative merits of competing 
proposals and supporting the ‘best science.’ These federal practices were developed in 
the 1940s and 1950s with considerable difficulty and have never been without 
controversy.21 But as long as states could rely on federal agencies to recognize best 
science, their own policies could focus on strengthening universities--assembling the star 
professors and centers of excellence that could win such support. With the federal 
abdication of responsibility for stem cell research, state programs had to assume the 
burden of evaluating research proposals. If they flubbed this task, of course, the research 
they supported would be worthless. 
 
 New Jersey confronted this problem by establishing an independent panel of 
experts to score applications according, it claimed, to science, not politics. However, 
these good intentions do not obviate factors like who chooses the experts, what 
specialties are represented, or what are the rules of engagement (scientific vs. non-
scientific criteria)? In California, stem cell research was stalled until 2007 over just such 
issues. Opponents challenged Proposition 71 precisely over the issue of who will decide 
on the allocation of research grants, arguing that the scientific experts who review grant 
applications represent the likely recipient institutions.22 The stem cell situation is the 
most tangible manifestation to date of the cracks in the system of science federalism. 
However, there is good reason to question the ability of states to step into this role. 
 

States as agents of science policy 
 
 For more than half a century the National Science Foundation, despite occasional 
criticism, has been a highly effective agent for disbursing funds for scientific research 
and for shaping science policy. Three indispensable qualities have made this possible. 
First, rigorous adherence to peer review has enabled it to support the best science. 
Second, relative insulation from the political process has allowed the foundation to avoid 
compromising the best-science standard, even if bending to political pressures when 
necessary. And third, internal subject-matter expertise has allowed foundation officers to 
shape and advance the development of scientific fields. Of course, states have not felt the 
need to build large and costly science bureaucracies precisely because the NSF and other 
federal agencies accomplish scientific choice for them. But for that same reason, they 
have difficulty implementing coherent and effective S&T policies that depend on these 
same qualities—identification of best science, insulation from politics, and internal 
expertise. 
 
 The new state S&T policies have imposed this responsibility on the states. In 
addition to stem cell research, Arizona has established its own Science Foundation and 
Florida created the Florida Technology Research and Scholarship Board to vet proposals 
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for centers of excellence grants. For more routine forms of research support states 
typically rely on the judgments of their universities. For singular special projects, they 
sometimes appoint independent panels of outside experts.23 But there are nevertheless 
persistent pitfalls for S&T decisions.  
 

States have no constituency supporting the advancement of knowledge. 
Traditionally, they have furthered it indirectly, at best, by supporting their flagship 
universities. When they formulated separate S&T policies, motives became mixed. As 
Irwin Feller noted, “these programs are economic development programs, not science and 
technology programs per se.”24 This fact introduces a bias at all levels of policy 
formation. For policymakers, these programs must be sold with promises of economic 
impact which, if not necessarily dishonest, are difficult to estimate. At the campus level, 
the existence of such programs encourages policy entrepreneurs to shape their agendas 
around state economic goals. The results, in the case of upstream policies, may produce 
good science, but perhaps with less than optimal effectiveness and efficiency. As for 
economic results, these are generally portrayed to match the original promises that 
motivated the programs. Feller in fact has identified evaluation as the principal weakness 
of state S&T programs. Usually carried out by pliant consultants rather than independent 
scientific panels, evaluations typically invoke anecdotes, successful exemplars, and 
disembodied metrics to justify the original programs (as will be seen for PA). 
 
 Lacking insulation from politics, state S&T policies are subject to gubernatorial 
hubris and the legislative pork barrel. Governors generally possess the authority to 
dominate both the formulation and execution of S&T policies. They seem to crave credit 
above all, as state web sites readily attest. Legislators naturally enjoy recognition too, but 
this principally comes to them by bringing state money to their home districts. If there is 
a pattern, it would seem that governors have capitalized on the popularity of TBED to 
formulate new, comprehensive programs and to induce legislators to authorize 
appropriations for them the impact is scattered widely across the state.25 Universities may 
have benefited substantially from these TBED initiatives, but that does not necessarily 
make them good science policy. 
 
 What does constitute good science policy is support for peer-reviewed, cutting-
edge research, focus on strategic fields, emphasis on comparative advantage, and 
especially concentration of talent (clusters work for science too). As for economic 
development, articulation between academic specialties and the absorptive capacity of the 
ambient economy is a crucial factor. The nature of state policymaking renders the former 
criteria more difficult to achieve than the latter. Political influence is conducive to what is 
referred to disdainfully in the foundation world as “scatteration”—both functional and 
geographic. The aim to stimulate the gamut of activities, up and down the streambed, can 
produce impressive sounding programs with few dollars behind them. Governors like to 
consolidate these programs under catchy titles and project them over many years in order 
to announce nine- or ten-figure investments, but the available spending for a particular 
goal may be far less.  
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 Scatteration across the state occurs as political interests exert their power.  
Typically, the homes of flagship campuses are economically vibrant, while less populated 
locales of smaller institutions may badly need economic stimulation. In fact, political 
influence and special interests sometimes weigh on the side articulating S&T, or at least 
‘T’, investments with regional specialties. 
 
 Almost every state has some form of commission to oversee its S&T and TBED 
programs. The commissions are intended to bring professional legitimacy to these 
operations and typically consist of blue-ribbon appointees. They consequently provide 
little in the way of scientific expertise. In a number of states, S&T policies are handled by 
economic development commissions or boards.26 Where S&T programs are bundled into 
comprehensive initiatives, those entities tend to have their own advisory structure, as in 
Ohio’s Third Frontier Commission and Board, or NYSTAR’s Advisory Council. The 
New Jersey Commission on Science and Technology is one of the few such organizations 
with ‘science’ in its purview, but its members are mainly CEOs from high-tech firms and 
representatives of the governor. Ostensibly responsible for development and oversight of 
S&T policies, in fact it can hardly function as an operational unit. Like most states, the 
programs are run by the staff of executive agencies, which are not likely to contain 
research scientists. No matter how named or constituted, most commissions remain under 
the heavy hand of governors’ offices. Once budgets are authorized by legislatures, 
executive agencies often have considerable discretion in how these funds will be spent, 
making them particularly valuable for governors or legislatures to use for their own 
purposes. Florida provides a discouraging example. After its Board recommended centers 
of excellence based on “independent peer review of the science as well as independent 
review of the economic viability of the proposals,” the Florida Legislature in 2008 
overrode the recommendations to make its own choice of centers: “the result [was] to 
award money to several proposals which have only mediocre scientific merit and 
minimum economic value while leaving several more promising proposals unfunded.”27 
 

State S&T policies in perspective 
 
 To summarize, whereas federalism in most government programs has diminished 
by having other entities assume significant roles, it still dominates science policy. Science 
federalism has nevertheless been inadequate for state aspirations to pursue an industrial 
policy, due to lack of consensus at the national level. Lately, and most likely temporarily, 
it has also failed to adequately support an important area of medical science—stem cell 
research. For the most part, science federalism plays by a well known set of rules, 
exemplified by the NSF. (There is also a side game called ‘earmarks’ with few if any 
rules and, to the discredit of Congress, rising stakes.) States have thus devised strategies 
to enhance their competitiveness in accordance with the federal playbook. Increasingly 
since 2000, they have sought to enhance the competitiveness of technology-based 
industries by bolstering the state research base. In doing so, states have involved 
themselves more directly in the formulation of science policy. However, these science 
policies have been subordinate components to overriding goals for economic 
development (TBED). 
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 State S&T policies (science + TBED) can for the purposes of discussion be 
separated into three levels: upstream policies aimed at strengthening research; economic 
strategies that hypothesize linkages between university research and economic activity; 
and downstream policies that assist small business in commercializing innovations. 
 
 States for the most part have adopted conservative approaches to their upstream 
policies. They have invested mainly in infrastructure, physical and human, as means to 
stimulate top quality research and thus complement science federalism. The distinctive 
feature of recent policies has been the targeting of these investments on specific science-
based technologies. States have also included provisions for collaborative research with 
industry to ensure the relevance and the transmissibility of these activities. The stampede 
into stem cell research has explicitly raised the latent problem of passing scientific 
judgment on research proposals. 
 
 States have largely bought into the Schumpeter thesis that innovation is the key to 
economic growth. Never mind the current booms in hydrocarbons, agriculture, gambling, 
or fast food—the operating belief is that innovation is the key to enduring growth and a 
competitive edge in the global economy. In fact, the wellsprings of economic growth 
have been endlessly debated by economists, and such wisdom as has been shed on this 
subject may be too complex and nuanced to be translated into public policy.28 Yet, states 
must place bets on strategies that will not only stimulate economic growth, but also retain 
the benefits within state boundaries.  
 
 The current infatuation with clusters represents a best guess for an effective 
approach amid these uncertainties. The examples of existing clusters are certainly 
alluring, but how to replicate these dynamics is still elusive.29 Literature can be cited to 
corroborate the belief that university research gives rise to the formation of tech-based 
firms and increased employment.30 But it is also a fact that most innovations arise in 
industry, and such entrepreneurship is the most crucial factor in cluster growth.31 
Nevertheless, most cluster strategies emphasize the founding and nurturing of new firms 
spawned by university research. 
 
 At least two examples can be cited of university-based state policies that spawned 
significant economic clusters: investments made by Georgia in broadband technologies, 
largely at Georgia Tech; and New York’s investments in the Albany Nanotech complex 
centered on the Albany College of Nanoscale Science and Engineering.32 The former was 
almost purely an academic initiative, aimed at generating new knowledge and highly 
skilled workers for this field. The latter included old-fashioned industrial subsidies in 
order to anchor IBM and other chip makers in the Nanotech complex. What both policies 
have in common is, above all, a concentration of resources. In addition, they utilize their 
respective universities to optimal effect—expanding the knowledge base, creating human 
capital, and providing a space for the interaction of academic and industry scientists. In 
this way, knowledge from university research will serve to enrich entrepreneurship in 
industry, the key factor in cluster dynamics, rather than relying on university spin-offs 
alone. 
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 Other states have attempted to implement more or less concentrated policies in the 
life sciences. Probably Arizona’s commitment to a focused Biosciences Roadmap is the 
most ambitious. But the temptation to scatteration is strong. Michigan’s Life Sciences 
Corridor aspires to build a cluster over 200 miles. The large state investments that have 
flowed into biotechnology, broadly defined, nevertheless represent a fairly safe strategy. 
Biotechnology, when seen as encompassing humans, animals, and plants, affects 
enormous industries, and decentralized ones as well, Big Pharma notwithstanding. State 
investments are almost certain to yield some commercial spin-offs and thus demonstrate 
the success of these policies.  

 
Enhancing innovation in large corporations, especially in mature industries, is an 

alternative economic strategy.33 Essentially, policies that call for co-investment and 
research collaboration aim toward this goal. Only fairly large corporations with internal 
R&D labs can make the kind of investments required by the California Institutes or the 
initiatives at Albany and Georgia Tech. Here the uncertainty is less in the nature of the 
investment—presumably the firms recognize value—but in capturing the economic 
benefit of resulting innovations. The research may be performed locally, but payoffs for 
multinational corporations can be widely diffused. 
 
 Downstream forms of state support for commercialization of innovations 
represent an economic strategy as well. Since these programs are focused on small tech 
and start-up companies, they complement the endogenous growth strategies mentioned 
above. Many of these programs address commercial risk—the perils of bringing 
innovations successfully to the market.34 These include provisions for seed or venture 
capital (or loans), business incubators, or assistance with management and marketing. 
Other provisions are aimed at helping to overcome technical risk, usually through access 
to technical assistance or university research. These last arrangements properly belong 
with S&T policies. In some ways, state programs supplement federal provisions for 
providing research grants for small businesses. Although scarcely new, state programs 
have become far more proactive in recent years, as will be seen for Pennsylvania. 
However, they generally contain relatively small outlays of state expenditures.  
 
 Finally, as the effectiveness of state S&T policies has come to depend 
increasingly on the identification and encouragement of top quality science, the 
limitations of state policy making have become more salient. Judgments of quality are 
best left to universities, for enhancing programs or choosing star professors, or to 
independent bodies like the Georgia Research Alliance. When left to the states, they have 
a limited capacity to make good judgments, and other factors frequently outweigh such 
considerations on balance. These factors include the political agendas of governors, the 
power of legislators to direct state spending to their home districts, the vested interests of 
economic development organizations, and the ability of local policy entrepreneurs to 
work the system to achieve their own goals. When viewed solely as technology policy, 
these same factors may prove less distorting. The political process in this case can direct 
resources to places where they may be needed. But the efficiency or effectiveness will 
still be difficult to judge. The recurrent weakness running through state S&T policies, and 
TBED policies more generally, is lack of ability and lack of will to make critical 
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evaluations. All of these difficulties are evident in the S&T programs of the 
Commonwealth of Pennsylvania. 
 
 

The academic research enterprise in Pennsylvania 
 
 The Commonwealth of Pennsylvania is an overachiever in academic research 
(Table 1). Its universities perform about one-twentieth of the national total, and it trails 
only California, New York, and Texas in this measure (excepting the federal Applied 
Physics Lab associated with Johns Hopkins University). It possesses four the nation’s 
top-fifty universities, each a national leader in selected fields and each engaged in healthy 
expansion of its research enterprise. All of these universities are, relatively, much greater 
contributors today than they were a generation ago. It is not clear how much credit the 
Commonwealth deserves for this last development. Pennsylvania has led the country in 
what some call ‘privatization,’ others ‘fiscal neglect’—the shifting of the burden of 
public university finance from state taxpayers to students and parents. At the same time, 
it has endeavored to harness university research to counter the steady decline of its 
manufacturing economy. 
 
 Pennsylvania’s research universities have diverse origins. The University of 
Pennsylvania, pieced together in 1791 from politicized forerunners, is the nation’s only 
private university to bear a flagship moniker. It still receives a state appropriation for its 
medical school, but is independent in all respects. Before 1980, it was one of the weaker 
members of the Ivy League, plagued by the ills of its location in urban Philadelphia.35 
 
 The Commonwealth’s land-grant institution is now called Pennsylvania State 
University. Originally founded by state agricultural societies, it has never been embraced 
as the state university. Squarely in the center of a state divided politically by the rivalries 
of the Philadelphia and Pittsburgh regions, Penn State was described by one of its 
presidents as “equally remote from all parts of the state.” Its development was somewhat 
fitful, not even claiming the title of university until the 1950s. It did little to capitalize on 
the richness of research possibilities in the 1960s, focusing its energies instead on 
establishing branch campuses in every part of the state and aspiring to be the “Beast of 
the East”—the best of the eastern schools that played big-time football.  
 
 The University of Pittsburgh was a fairly typical urban private university with a 
local clientele—a streetcar campus with a well respected medical school, a strange gothic 
tower called the “Cathedral of Learning,” and a football team to challenge and embarrass 
its detested rival, Penn State. Beginning in 1960, however, an ambitious new president 
attempted a vault into the ranks of research universities. He made some progress, but 
quickly bankrupted the institution in the process.36 In 1966 the state stepped in to rescue 
the sinking ship, and in the process made it a public university. However, Philadelphia 
politicians insisted that the state do the same for private Temple University, the city’s 
commuter campus with nearly as dismal financial prospects. Suddenly the 
Commonwealth had three “state-related” universities (not counting historically black 
Lincoln University), and a modus operendi was soon reached in Harrisburg: neither Pitt, 
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nor Temple, nor Penn State could receive more favorable treatment than the others. These 
three quite different universities became Siamese triplets, joined by comparable state 
appropriations. As for Pitt, its subsequent academic development was long cramped by a 
financial hangover and uninspired leadership. 
 
 Carnegie Institute of Technology was the product of its namesake’s desire to 
found an anti-college for practical training. It developed instead into a well regarded 
school for undergraduate engineers and, after World War Two, pioneered innovative 
graduate programs. In 1967 it merged with its next-door neighbor, the Mellon Institute, at 
the latter’s behest, and was transformed into a small engineering university with a large 
research base. Carnegie-Mellon made a virtue of its small size, developing a distinctive 
cross-disciplinary culture, considerably abetted by having polymath Herbert Simon on 
the faculty and an early push into computer science.37 
 
 Since 1980, these four universities have made appreciable academic progress. 
Penn State registered the largest gains on the NRC ratings (Table 2). It broadened its 
strengths in geosciences and engineering and became the largest performer of research in 
materials science. Penn has evolved into one of the most selective universities in the 
country, and a far wealthier institution as well. It is now the third largest recipient of NIH 
research support, and its medical school was ranked third by U.S. News. The University 
of Pittsburgh has doubled its research share since 1980, almost exclusively on the 
strength of its medical school (ranked 16th by U.S. News). Carnegie-Mellon expanded its 
S&E graduate programs (against the national trend). Among the best in the country in 
computer science, it is considered to be the leader in robotics.38  
 
 Pennsylvania’s other research performers have varied institutional identities. 
Temple University has been an urban service university where most funded research was 
confined to the medical school. Only quite recently has it begun to have a detectable 
academic pulse. Lehigh University has been a hybrid engineering school and liberal arts 
college. It publicly promotes its research role in just a few areas (materials, optics), but 
these commitments appear to be contracting even as (perhaps because) the undergraduate 
college flourishes. Drexel University, on the other hand, is one of the fastest growing—
and most entrepreneurial—universities in the country. Formerly known as a local 
engineering school, in 2002 Drexel took over two Philadelphia medical schools. It now 
claims to have the largest private enrollments in both medicine and engineering. Research 
too is emphasized. Expenditures doubled from 2002 (Table 2) to 2004 to exceed $100 
million.  
 
 These seven universities enroll about one-quarter of postsecondary students in the 
Commonwealth. Otherwise, Pennsylvania is noted for its abundance (c. 85) of private or, 
their preferred term, independent colleges. They help PA to attract the largest number of 
non-state students and make the state’s private enrollments twice the national average. 
Enrollments in two-year colleges, in contrast, are about half the national average. In 
addition to the state-related universities, the State System of Higher Education consists of 
fourteen former teachers colleges with barely more students than Penn State’s twenty-two 
campuses. 
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 The vitality of the academic research enterprise in Pennsylvania would seem to 
owe little to the state. If state policies have contributed at all, they could hardly explain 
this result. Geographically, Pennsylvania spans two cultures, Philadelphia belonging to 
the Northeast corridor and Pittsburgh to the Midwest. However, the state’s basic 
approach to higher education mirrors that of the Northeast in the historic dominance of 
the private sector. It is telling that none of its public universities were founded by the 
state, and the state has accordingly accepted a limited degree of responsibility toward 
them. Characteristically, when Milton S. Hershey donated a hospital and medical school 
to Penn State in 1966, the Commonwealth explicitly refused to accept any fiscal 
responsibility; and to this day it has provided almost no funding. On the other hand, state 
programs for higher education tend to be open to public and private institutions alike. In 
addition, Pennsylvania has one of the most generous programs for student financial aid, 
much appreciated by its private colleges and universities. All told, fifteen percent of state 
spending on higher education is directed to the independent sector. 
 
 The prosperity of the private universities can be largely attributed to national 
trends favoring selectivity, high tuition, and voluntary support. Carnegie-Mellon doubled 
its real income per-student from 1980 to 2000, and the University of Pennsylvania tripled 
its figure.39 Only Drexel has taken a singular approach, using enrollment and program 
growth for university expansion. All of these universities have been involved in different 
forms of community outreach and economic development. These latter programs have 
brought some funding from state programs. 
 
 Pennsylvania’s state-related universities also reflect national trends; in fact they 
have led the trend of declining state support. This is a case where the most fundamental 
state role in higher education, that of sustaining public universities, has been substantially 
eroded.40 Since Pennsylvania treats its state-related universities alike, Penn State’s 
finances exemplify this development. 
 
 Figure 1 depicts what is well-known locally as the “Penn State cross”—the 
remarkable inversion of university funding from state to students. However, this striking 
pattern represents two distinct developments, and thus calls for some interpretation. From 
1960 to 1975 Penn State grew from 21,000 students to 61,000, with half of that growth 
occurring from 1965 to 1970. At the outset, eighty percent of students were at the main, 
University Park campus; by 1975 the university had almost reached its present, fifty-fifty 
division between the main and the “Commonwealth” campuses. During these years, state 
appropriations grew steadily, but not as rapidly as enrollments. Thus, tuition revenues 
rose due to the rise in student numbers while the real per-student appropriation declined. 
One might justify the latter development by the fact that most of the new enrollments 
were in lower-cost, two-year programs at the branch campuses.   
 

For the next decade (1975-1985)—a period of severe inflation—real 
appropriations to Penn State first shrank and then recovered. Enrollments were stable, so 
Penn State ended the period roughly where it had started in terms of real and per-student 
appropriations. Penn State then began another period of expansion that would add 20,000 
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students. Unlike the earlier expansion, growth now included a substantial number of 
high-cost graduate and professional students. State appropriations kept pace during the 
most rapid growth (1985-1990), but then stagnated. Since 1990, Penn State’s 
appropriation in constant dollars has risen slightly and then ebbed. Today, it is about 
where it was in 1990. On a per-student basis, state support is at its lowest point in the 
modern era.41  

 
Several conclusions can be drawn from this brief sketch. First, since 1970 the 

Commonwealth of Pennsylvania has never been generous in providing appropriations for 
Penn State, but it has been niggardly since 1990, especially so since 2000. Developments 
within the university, like enrollment growth, have seemingly had no bearing on state 
appropriations, linked as they were with slow-growing Temple and Pittsburgh. Penn 
State, for its part, has compensated by generating tuition income, both by enrolling more 
paying customers and by increasing prices. Moreover, Penn State has not fared badly in 
spite of fiscal neglect. At its main campus, real income per-student rose by more than 70 
percent from 1980 to 2000. As noted, the ratings of its academic departments rose 
impressively. And, in total research expenditures it advanced from 17th to 10th in those 
decades.42 Certainly, such progress should not be taken as an endorsement of fiscal 
neglect, but rather raises the question of how public universities can advance in spite of 
it. A combination of institutional and state policies seems responsible. 

 
Economies of scale and scope.  Penn State clearly gained some capacity for internal 
maneuver by growing to gargantuan proportions. The basic model of the American public 
university is to educate large numbers of students at a relatively low average cost, and 
comparative studies suggest that very large size allows universities to achieve 
differentiation of work and specialization of function.43 These last two processes are by 
no means automatic, but rather require the expertise to manage a multi-purpose, multi-
product organization. 
 
Relative autonomy.  As a “state-related” university, Penn State has been relatively free 
from the kinds of government interference that has hamstrung other public universities 
(performance-based funding, mandatory student assessment, etc.). The legislature has at 
times tied tuition increases to appropriations, and threatened far worse; but no 
administrative body has authority to dictate to the university’s Board of Trustees. Of 
course, autonomy does not guarantee effective governance either. As Penn State has 
become less reliant on the state, it has increasingly seized the initiative to plan and shape 
its own future.  
 
Tuition-driven public university.  In particular, Penn State has accepted its fate as a 
tuition-driven public university, and accordingly raised tuition aggressively when the 
opportunity presented itself (as have Pitt and Temple). It now charges state residents the 
highest tuition in the United States ($13,400 per year for lower division, $14,400 for 
upper division students). The beneficial side of the Penn State cross is that the university 
no longer depends on state appropriations. Sudden cuts or rescissions can be more than 
made up with tuition increases. However, this dependence on students inclines the 
university toward a model of behavior I have called the “elite public research university,” 
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which resembles the prestige model of private universities.44 It also has some of the same 
regressive social implications, favoring students whose parents can afford high costs or 
students willing to incur substantial debt. 
 
State Student Financial Aid.   The Pennsylvania Higher Education Assistance Authority 
(PHEAA) operates one of the most generous state programs of student financial aid, with 
maximum grants of $3,300 in 2005-2006. Although the program is strongly supported by 
the private sector, the largest single recipient of these funds is Penn State (13 per cent of 
total grants). The $47 million of grants to Penn State students was equivalent to 20 per 
cent of the university’s general funds appropriation. Thus, one of the state’s basic 
programs supporting higher education distributes public monies widely to public and 
private institutions, allowing them to charge higher prices to those who can afford to pay 
them (price discrimination). 
 

 
Pennsylvania’s S&T policies: drifting downstream 

 
 Pennsylvania has consistently lacked an overall vision for state investments in 
science, technology, and technology-based economic development. In its absence, a 
variety of programs and initiatives have been created, some from the governor’s office 
and others from policy entrepreneurs in the field. The original programs evolved a 
decidedly downstream emphasis. Around 2000, recognition of the need for upstream 
investments resulted in separate initiatives in nanotechnology and biomedical science. 
These developments have been accompanied by important ad hoc investments in 
academic facilities made through the governor’s capital budget, but which are difficult to 
characterize as S&T policy. Only since 2005 has the Department of Community and 
Economic Development sought to rationalize these developments into several coherent 
policies encompassing downstream economic development, nanotechnology, and the life 
sciences. Each tells a different story about TBED and policy formation in the 
Commonwealth. 
 

Pennsylvania’s initial TBED program originated from a real sense of economic 
crisis. In the midst of economic recession and high inflation, the state’s manufacturing 
industry, particularly steel, was in rapid decline, and unemployment had mounted in 
some areas to depression levels. The idea that universities could play a role in 
rejuvenating the economy became a theme in the national dialogue, but could not be 
easily acted upon. Prevailing policies for economic development sought to attract 
industry by lowering operating costs through cheap space, subsidies for infrastructure, 
and tax abatements. Approaches to S&T were hobbled by a truncated federal initiative 
that induced states to establish science and technology foundations to guide and 
coordinate their efforts.45 Instead, Pennsylvania Governor Richard Thornburg had staff 
hold open forums at universities to ask how academic scientists and engineers might help 
the state’s economy. Their suggestions helped to shape the program that was named, at 
the governor’s suggestion, the Ben Franklin Partnership Programs. 
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 The Ben Franklin programs represented a shift in strategy toward nurturing and 
developing small firms. Its chief feature was a matching grant program that would allow 
firms to commission research at a participating university. The program also sought to 
encourage complementary education and training programs, although universities were 
unenthusiastic about these possibilities. A third component was management assistance 
for new firms and business incubators. The state solicited proposals from state 
universities to host the program, ultimately covering the entire state through four regional 
centers based at Penn, Lehigh, Penn State and Pitt. Thus, Ben Franklin was from the 
outset regionally organized, which made sense for so diverse a state, and university 
based, since its meager initial resources ($1 million) would hardly cover separate 
administrative costs. 
 
 Compared with 1980s programs in other states, Pennsylvania’s approach was 
decidedly ‘downstream.’46 It soon moved further in that direction. The centerpiece of Ben 
Franklin was the program of matching grants to small firms for university research 
projects. Pennsylvania was the first state to implement such an arrangement. This feature 
was widely admired and imitated, and its architect was invited to speak at numerous 
university-industry forums. However, the new Democratic administration of Governor 
Robert Casey attacked the program for being too cozy with universities. Universities 
assumed they were fulfilling their role by performing research relevant to industry and 
training a technological workforce, but the state measured results by jobs created. When 
the program was reauthorized in 1987, language requiring university participation was 
removed, and the regional centers became autonomous, nonprofit entities. Subsequently, 
university connections largely dissolved, and the program’s chief activity became loaning 
seed capital for fledgling enterprises.  
 
 This last description can scarcely do justice to four autonomous centers, since 
they also became the vehicle for administrating other state S&T initiatives. However, one 
theme of this history is clear: a program that had been created to harness university 
research for technology transfer migrated under political pressure into one focused on the 
commercialization of new technologies, with only incidental links to universities. It thus 
comprises a classic example of the evolution of state S&T: one governor’s pet program 
eviscerated by the successor; and drift from a longer term strategy (research) to shorter 
term instruments (seed capital). Thus, Pennsylvania was the leader both in creating a 
program to channel university research for TBED, and in abandoning university ties as 
disillusionment set in. 
 
  The Ben Franklin programs were reorganized in 2002, but the basic orientation 
was not changed (Table 3). In 2005 the BF centers received $50 million of the $80 
million the state appropriated for TBED. Some insight into their activities can be gleaned 
from a commissioned “in-depth evaluation” of its previous operations (1989-2001).47 It 
defined its activities as “financial investments … to serve as a bridge between 
entrepreneurial assets and third party capital”; “business and technical assistance”; and 
“regional infrastructure building.” It reassured readers that “the majority of funds have 
gone directly to entrepreneurs, startups and established companies.” No information is 
disclosed about the fates of the 1,850 companies in which it has invested, or what 
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proportion of loans were repaid; but the report states that Ben Franklin programs 
generated 93,105 direct and indirect “job-years,” each at a cost of $3,342 ($8,741 for 
directly created job-years). Thus, jobs are the ultimate standard for public and political 
consumption. For this purpose, each job is assumed to be permanent, so that a job created 
in 1989 equaled 13 job-years by 2001, and presumably had a total cost of $43,446 (or 
$113,634 for direct job-years). These last calculations are mine, and nothing like them 
appears in the report; but it did claim that Ben Franklin had increased state GSP by $8 
billion (over 13 years), or about double the payroll for those 93,105 job-years.48 This 
figure represented about two per cent of GSP (my calculation). A classic case of 
disembodied metrics, this ‘evaluation’ typically provides plausible figures for uncritical 
readers. 
 
 In 2004 Governor Ed Rendell recreated something like the original Ben Franklin 
program. Named Keystone Innovation Zones, this initiative sought to stimulate economic 
development and also rekindle the involvement of universities. Each zone has an 
institution of higher education as a partner, and the funds are intended to facilitate 
technology transfer solely to new or fledgling firms within a small designated area. The 
program consists of relatively small grants ($250,000 declining to phase out in 2008) for 
community development agencies and their university partners, plus tax credits for high-
tech start-up firms. The program is not confined to research universities; in fact the first 
award was given to Franklin and Marshall College. Since the program strategy is to have 
a narrow geographical target, this form of scatteration may be justified. However, given 
the plethora of existing programs for nurturing high tech firms, one might question the 
rationale for this impressively named but diminutive program.49 
 
 Indeed, the number of downstream programs and regional development 
organizations would suggest that Pennsylvania should be nirvana for entrepreneurs. A 
2005 status report on TBED listed no less than 35 such entities, all apparently eager to 
lend support for private companies to do something in Pennsylvania.50 A breakdown of 
their activities shows concentration on the initial phases of creating innovation and 
founding firms. However, the evidence in the report showed rather meager 
accomplishments. Although the state was fourth in academic research (not mentioned), it 
was ninth in patents. Although sixth in population and GSP (not mentioned), it was ninth 
in SBIR awards and tenth in STTR awards. Pennsylvania was seventh in venture capital 
invested, and eighth in total R&D expenditures. The report concludes laconically, “that 
Pennsylvania is doing well in building its technology-based economy, but other evidence 
shows there is room for improvement.” But there are no suggestions for improvement. 
Pennsylvania not only is entirely uncritical in its self-serving ‘evaluations,’ but sells itself 
short by trumpeting its mediocre performance. 
 
 A different perspective on Pennsylvania’s endogenous growth strategy may be 
inferred from the 2007 State New Economy Index. The state was ranked twenty-first 
overall on the basis of some twenty-six indicators—the same rank it had in 2002 and 
slightly better than 1999.51 Most indicators fell near that same range. On only one 
indicator did Pennsylvania rank near the bottom—forty-eighth among fifty states—and 
that was “entrepreneurial activity.” Unfortunately, entrepreneurial activity was 
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considered most important for propelling economic clusters.52 Could it be that the state’s 
bureaucratic approach to economic stimulation through state-supported economic 
development organizations dampens rather than encouraging entrepreneurship? 
 
 Pennsylvania S&T initiatives are lodged within the sprawling Department of 
Community and Economic Development (DCED). Perhaps one-tenth of its $630 million 
budget is directed toward S&T and commercialization. Some items represent successful 
past efforts of policy entrepreneurs to obtain state funding, like the supercomputer center 
in Pittsburgh ($1.5 million); and others are supported through the $52 million transferred 
to the Ben Franklin authorities (2007-2008 Budget). The DCED took steps in 2006 to 
obtain a better understanding of its efforts, commissioning a study by Battelle of the 
economic opportunities for Ben Franklin investments. It also engaged an economist to 
suggest measures of economic development, an effort that proved “very difficult.”53 
 
 What should be obvious is that the Pennsylvania downstream policies have shown 
little evidence of invigorating a technology-based economy and at best sustain the status 
quo. They consist of numerous, decentralized programs that support and animate local 
economic development entities with small amounts of funding. These programs are able 
to assist only small businesses because they have only small sums to administer. If the 
reported figures are to be trusted, Ben Franklin has possibly boosted the state GSP by two 
per cent over the last thirteen years. At that rate, how long will it take for the technology-
based economy to emerge? Irwin Feller’s critical judgment on Ben Franklin, circa 1990, 
seems apt for Pennsylvania’s collection of downstream programs: “the overall program[s 
may] contribute to economic development, even though large components of its efforts 
are ineffective or inefficient.”54 
 

Rationalizing a policy for nanotechnology55 
 
 Investments in nanoscale science and engineering (NSE), along with initiatives in 
the life sciences, represent the science policy of the Commonwealth. The first NSE 
investment by Pennsylvania state government occurred in 1998, during the first term of 
Republican Governor Tom Ridge.  This was one of the earliest commitments to 
nanotechnology by any state, although it was scarcely planned as such. The apparent 
serendipity of these developments reflects the scope for policy entrepreneurs in the 
relatively open space of Pennsylvania’s policy environment.56 Unlike commercialization 
programs, a pattern of opportunistic moves shaped nanotechnology policy from the 
bottom up, ultimately producing six initiatives (Table 4).57 
 

1. In 1997, the Semiconductor Industry Association announced plans to 
establish a network of university-based research centers. Pennsylvania 
made a belated, unsuccessful effort to compete for this facility. When the 
proposal failed, Penn State requested and received authorization to use the 
$2 million allocated by the state to create a nanofabrication technician 
education program called the Pennsylvania Nanofabrication 
Manufacturing Technology (NMT) Partnership. The NMT Partnership has 
continued to receive annual state funding of $2-3 million since 1998, 
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creating an associate degree program in nanofabrication for Pennsylvania 
community colleges (the nation’s first such degree program), subsequently 
expanded to additional training and outreach programs. 

 

2. In Philadelphia, the Ben Franklin Center of Southeastern Pennsylvania 
responded to interest in nanotechnology among local companies by 
organizing several industry forums in 1999 and 2000. The outcome of this 
regional effort was a successful proposal to the NSF, with matching state 
funds provided from the Ben Franklin Center, to establish a 
nanotechnology center. This center united a group of universities, 
economic development organizations, and industry partners in the region. 
Led by the Penn, Drexel, and the Ben Franklin Center, this group 
submitted a proposal to the DCED in 2001 for a Nanotechnology Institute 
(NTI). The NTI proposal requested $10 million over three years to support 
nanotechnology research and commercialization efforts. The NTI proposal 
was particularly aimed at exploiting opportunities in the emerging field of 
nano-biotechnology, reflecting the heavy concentration of biotechnology 
and pharmaceutical companies in the Philadelphia area, and the 
biomedical research strengths of Penn. The NTI proposal was approved in 
2001, and received $3.5 million of annual state funding. 

 

3. In 2002, Penn State submitted a proposal to the state modeled on the NTI 
proposal requesting $3.5 million, which was approved in 2002. The 
university sought to continue its workforce development program, but also 
to receive support for research and commercialization at a comparable 
level to Penn and Drexel. The university was successful in persuading the 
state of the merits of its request in 2003 and 2004, receiving separate 
grants for the NMT Partnership ($2.3 mi) and research and 
commercialization ($3.5 mi). 

 
4. During these same years the Commonwealth supported other initiatives 

that have supported nanotechnology in part.  For example, since 2001 the 
DCED has supported the Center for Optical Technologies at Lehigh (with 
Penn State as partner). The Lehigh Center performs nanotechnology 
research in optics and photonics, but is not entirely dedicated to nano as 
such. State funding for this center has risen from an initial $1 million grant 
in 2001 to subsequent allocations of $3 million through 2005. Roughly 
one-third of this funding is devoted to research at the nanoscale.  

 

5. In addition, the DCED has provided annual funding of approximately $3 
million to support participation by Lehigh in the NSF Materials Science 
and Engineering Center at Carnegie Mellon. Like the Center for Optical 
Technologies, these state funded efforts impinge on nanotechnology 
although not dedicated to nanotechnology per se.58  
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6. Pittsburgh belatedly joined this parade in 2005 by organizing the 
Pennsylvania NanoMaterials Commercialization Center under the auspices 
of the Pittsburgh Technology Council. Initial seed funding from the 
DCED was matched by support from the region’s major materials 
companies, Alcoa, Bayer MaterialScience, PPG, and U.S. Steel. The 
center seeks to coordinate and influence university research at Pitt, 
Carnegie Mellon, and Penn State to complement the needs of these 
Pittsburgh-based companies. 

 

When Governor Rendell took office in January 2003, the new Secretary of DCED 
expressed some skepticism about the economic development potential of 
nanotechnology, especially in the near term. To gain some perspective (or leverage), he 
commissioned a study of nanotechnology in Pennsylvania by the ANGLE Technology 
Group, which had previously been associated with the creation of the NTI. The stated 
purpose of this effort was to examine the ongoing state investment in nanotechnology and 
develop recommendations for these and other proposed investments to be made in the 
context of a state strategy for economic development. 

   
The ANGLE Report asserted that Pennsylvania had the capability to be the 

national leader in nanotechnology commercialization. The report also generally endorsed 
building and sustaining the academic research base; leveraging existing industry to drive 
commercialization; promoting statewide collaboration; developing industry clusters; 
supporting workforce development; and establishing national leadership. However, the 
report said nothing about how these goals might be achieved, nor did it evaluate the 
existing state initiatives.59 

 

During 2004 and 2005, the Commonwealth undertook a series of conferences and 
workshops involving industry and universities intended to develop a response the 
ANGLE Report. This effort included a statewide conference in spring 2005 entitled The 
Business of Nano, following up on similar events in 2004 and 2002. While no concrete 
initiative resulted from these deliberations, the DCED subsequently released a whitepaper 
entitled Pennsylvania Initiative for Nanotechnology (PIN). Despite the workshops, 
conferences, and discussions that had taken place, the whitepaper largely echoed the 
ANGLE Report.60 The Pennsylvania Initiative for Nanotechnology proposed a broad and 
ambitious array of objectives. These include maintaining academic research excellence, 
promoting commercialization in bioscience and electronics, promoting increased 
collaboration among universities and industry within the state, developing “value chains” 
from applied research through production, continuing to develop the nanotechnology 
workforce, and establishing Pennsylvania as the national leader in nanotechnology 
commercialization. Again, there was no indication of how these goals would be achieved. 

 
It took until 2007 for the PIN to be officially adopted as state policy. It then 

consisted of the six initiatives described above (Table 4). State funding appeared to be 
approximately what it had been before the efforts to formulate a new policy (c. $10 
million). What was new was the formal trappings of a policy. This consisted of three PIN 
strategies that could be related to the six initiatives: 1) university-based resources and 
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technology transfer; 2) commercialization of nanotechnology applications; and 3) 
educational and workforce programs.61 In addition, recipients now reported semiannually 
twenty-two “PIN Initiative Metrics,” including jobs created and jobs retained. The 
official stance of the DCED now seems to be that the nanotechnology industry has a 
trillion-dollar destiny and that PIN will allow the Commonwealth to claim its share. 

 
Indeed, the PIN Metrics would seem to show a robust presence of NSE research 

at PA universities as well as strong links with industry. However, they do not show that 
these qualities are connected with the state’s miniscule contributions. Penn State is the 
nation’s largest academic performer of materials research, and much of that activity 
touches nanotechnology. On a combined measure of NSF funding and publications, Penn 
State ranked fifth among all U.S. universities in NSE. 62 Six major laboratories and the 
NMT Partnership are focused on nanotechnology, and all encourage industrial 
participants. In Philadelphia, the Nanotechnology Institute is predicated on the NSE 
expertise at the Penn and Drexel. In 2004 Penn was awarded an NSF Nanoscale Science 
and Engineering Center in Nano-Bio Interface, complementing its national leadership in 
biotechnology. Carnegie Mellon boasts at least three centers that engage in nano-scale 
research in the course of developing somewhat larger devices. It has long been a national 
leader in micro electro-mechanical systems, working closely with industry and statewide 
consortia. Carnegie Mellon produces almost as many nano-publications as the much 
larger Penn. The University of Pittsburgh established the Institute of NanoScience and 
Engineering in 2002, and opened a NanoScale Fabrication and Characterization Facility 
late in 2005. Lehigh University may owe the greatest debt to the state in developing its 
research capacity in nanotechnology and photonics, now consolidated in the 
Nanophotonics Technologies initiative. 

All the academic units in Pennsylvania dedicated to nanotechnology have 
arrangements and expectations for collaborating with industry. For its part, industry has 
made considerable use of these channels, as demonstrated by formal affiliations and co-
publications. As far as state policies for TBED are concerned, there is no discernible 
difference between public and private universities. All participate in the multiple 
economic development agencies and form links with each other when appropriate.  

 
To date, then, Pennsylvania’s nanotechnology policy could be described as 

follows. First, state commercialization programs encouraged endogenous economic 
development through various forms of assistance to small and developing technology 
firms, and this institutional infrastructure readily incorporated initiatives in 
nanotechnology. Second, “policy entrepreneurs” at different universities and at different 
times couched nanotechnology initiatives in terms that resonated with the established 
endogenous growth policy and a growing national consciousness of TBED. These efforts 
found a favorable “window” at the DCED and, ultimately, with the governor. The result, 
thirdly, was a number of discrete initiatives supporting nanotechnology in Philadelphia, 
Pittsburgh, at Penn State, and at Lehigh, an outcome that suggested successful promotion 
of regional interests rather than policy design. Fourth, the state sought some measure of 
control by rationalizing a policy after the fact with the ANGLE Report and subsequent 
deliberations. Conspicuously lacking, however, was any evaluation of existing 
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nanotechnology initiatives, any recognition of the challenges posed by the competitive 
national environment, or any articulation of specific future goals.  

 

The constituent elements for the formation of a nanotechnology policy in 
Pennsylvania are apparent in retrospect. A favorable climate was created by the heady 
atmosphere surrounding the high-tech boom at the end of the twentieth century and the 
salience of nanotechnology as the “next new thing.” In such a climate, investments in 
nanotechnology appeared attractive to the DCED and ultimately the governor. These 
policy initiatives seem to have been confined to the executive branch, with little 
involvement of the legislature.63 Pennsylvania already possessed ready-made conduits for 
these kinds of investments in the Ben Franklin Partnerships. Policy entrepreneurs at 
different universities and economic development agencies, at different times, were able to 
mold these elements into state initiatives. Penn State initially and serendipitously turned a 
failed industrial research center proposal into a program for education and workforce 
development. The Philadelphia group mimicked this educational component, at least on 
paper, but stressed research and commercialization. Penn State then asked for the same 
treatment for its own efforts in education, research, and commercialization. Lehigh 
combined these elements with a well honed formula for regional economic cooperation. 
Pittsburgh—a latecomer to the nano game—focused on harnessing nano-research for 
local corporations. All these initiatives dovetailed with the charter of the Ben Franklin 
program and advanced the agenda of the DCED. These policy entrepreneurs exploited 
this window of opportunity to achieve state commitments to nanotechnology at their 
respective universities.  

 
The Pennsylvania policy for nanotechnology essentially provided supplemental 

support for the basic NSE activities of the principal universities, based on their own 
initiatives and linked with other educational and economic development organizations. 
Only the initiatives at Lehigh and, to some extent, Penn State enhanced basic research. 
Other funds have been devoted to proprietary research or have underwritten organizations 
that coordinate and facilitate the acquisition of technology by industry. Although 
evaluation of these activities has been perfunctory at best, technology transfer, especially 
to small and mid-size enterprises is now coordinated and subsidized—and probably as 
effective as conditions in industry allow it to be. 

 
The policy reports recently produced under the guise of developing a coherent 

strategy to guide state investments in nanotechnology advocated more of the same. After 
the merest nod at strengthening the research base, the ANGLE report recommended 
undertaking more research for industry and—perhaps to please its constituency—adding 
more units to the organizational superstructure: “Regional Collaboration and Focus 
Centers,” a statewide advisory council, a NanoForum, a database, and a governor’s 
advisory group, as well as various promotional activities.64 The proposed Pennsylvania 
Initiative for Nanotechnology echoed these recommendations but they seem to have 
disappeared from the current PIN. 

 
A different argument might be made, based on the literature on TBED, that the 

competition for a leading position in nanotechnology will depend more heavily on 
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advances in basic science than on nurturing small companies; and furthermore, that only 
advances in NSE yield significant commercial development. The California experience, 
in particular, seems to show that scientific leadership produces the most consequential 
economic gains.65 Of the foremost states in nanotechnology, California, New York, 
Texas, and Illinois have all implemented upstream strategies, and Massachusetts relies on 
its private universities, whose basic outlooks are decidedly upstream.66 Pennsylvania has 
declared a commitment to be a national leader in “nanotechnology commercialization,” 
but not to lead in the science and engineering that underlies this new field.  

 
Opportunities and opportunism in the life sciences 

 
Pennsylvania has a competitive advantage in biomedical sciences. Home to major 

pharmaceutical companies, the Commonwealth ranked fourth in academic research 
expenditures in the biosciences. Penn was the 2nd largest recipient of NIH research grants, 
and Pitt was 9th. Still, the state had no explicit policies to build upon this strength until it 
received the windfall tobacco settlement funds. Even then, it took three years to devise a 
plan (1998-2001). Funds for the biosciences were allocated in three ways. An initial $100 
million was used to establish three regional life sciences greenhouses—for Philadelphia, 
Pittsburgh, and everything in between.67 Although each was organized somewhat 
differently, the greenhouses were intended to promote the commercialization of academic 
research in the life sciences and linkages with mature and emerging companies in this 
industry. Another portion was invested with four local venture capital funds with the 
intention of leveraging investments in PA start-ups. Finally, 19 percent of the tobacco 
funds were allocated to research. 

 
The three life sciences greenhouses are focused on early-stage companies 

emerging from research-based discovery. Their mandate is to provide all forms of 
assistance to make these ventures viable. They offer funding up to $250,000 for 
precommercial research on university-owned intellectual property. They also invest seed 
capital up to $500,000 in new companies arising from academic research. The 
greenhouses thus are specifically oriented toward the commercialization of academic 
inventions. In this respect, they are consistent with the PA predilection for downstream 
interventions. In fact, they often partner with the Ben Franklin programs that have similar 
programs and objectives. 

 
The Commonwealth’s one upstream program is the tobacco settlement research 

funds administered by the Department of Health.68 Since it began awarding funds in 
2001, the program has disbursed roughly $70 million per year. Most of that is parceled 
out by a complex formula based heavily on NIH grants. Hence, these funds reflect quality 
as deemed by NIH peer review. The nonformula grants are targeted multi-million dollar 
awards to the same institutions. As a result, Penn, Pitt and Penn State (with a somewhat 
lesser share) receive the majority of these funds each year. Another substantial portion is 
given to the cluster of health sciences institutions in Philadelphia. In 2007, 38 institutions 
received some award. The program of research funding thus follows the pattern of 
something for everyone, even though the bulk of these funds go those who presumably 
best know how to use them. Except for designating target areas for the few nonformula 
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awards, these funds have no policy objective beyond sweetening the research pot. Hence, 
it might be possible to imagine strategies that would give these funds greater impact.  

 
In 2006, the Rendell Administration proposed redirecting the research funds into a 

new program, dubbed the Jonas Salk Legacy Fund (JSLF). Instead of annual allocations 
for research over the next twenty years, one-half of these funds would be securitized as a 
$500 million bond offering, and the proceeds would be expended over the next two years 
for capital expenditures for biomedical research infrastructure and faculty start-up 
packages. Two kinds of grants were proposed: $100 million for “starter kits” for 
specialized equipment for newly recruited faculty; and $400 million for facilities and 
research infrastructure for universities, research institutions, hospitals, and economic 
development organizations. The grants would require a 1:1 match, so that the total 
investment would be $1 billion.69 Other research funds would be redirected to venture 
capital and the three greenhouses. The governor pushed hard to get this proposal enacted 
in 2007 and again in 2008, but without success. Legislative approval seems unlikely on 
the governor’s terms. Still, this gubernatorial initiative illuminates the politics of S&T in 
Pennsylvania. 
 

1. Unlike the cases of policy entrepreneurship just described, this policy was 
hatched in Harrisburg and exhibits telltale features of the capitol culture. 
An absence of planning or analysis: American medical colleges have been 
expanding research space at an alarming rate despite a contraction of real 
funding by the NIH.70 This ominous pattern might at least have been 
considered. While research hospitals are continually expanding, most 
universities would probably prefer to receive the bonus research funding 
currently in place, even though they endorsed the JSLF under heavy 
gubernatorial pressure. From the university perspective, planning major 
facilities or hires and raising the necessary matching funds, all within a 
two-year window, could be difficult. In addition, these institutions would 
be on their own for supporting the new faculty and buildings.  

2. Hyperbolic advocacy: the governor in various pronouncements promised 
that JSLF would produce 12,000 (later 13,000) jobs, “provide the 
resources to save thousands, if not millions, of lives,” and form “dozens of 
new compan[ies].”71 

3. And politics: the JSLF would allow Governor Rendell to spend the future 
revenues of the tobacco settlement, leaving debt instead of income for his 
successors. Moreover, the capital grants could be awarded to many 
possible recipients, including economic development organizations. 
Philadelphia, where the governor used to be mayor, would be certain to 
claim a large share of these funds, including support for expansions 
already planned at Penn and Drexel. Thus, what looks on the surface to be 
a welcome addition to the state’s research infrastructure, in fact may 
convert medical research funds into political pork. 

 

The notion of securitizing tobacco revenues into a large capital fund for 
biomedical research might well have been a promising policy initiative. But such 
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ventures require careful planning and execution. The contrast with the California 
Institutes is instructive.72 The size of the potential investment rivaled that of California, 
but a process of working closely with universities and using peer-reviewed proposals to 
select carefully targeted research institutes is inconceivable in the political culture of 
Pennsylvania.  

 

Conclusion 
Without discounting the usefulness of downstream policies for small and start-up 

firms, the literature on science and economic development supports the efficacy of those 
activities encouraged by upstream investments.73 Economic studies have generally found 
a very high rate of return to basic research, although large differences exist across 
industries. However, those fields in which industry derives the greatest value from 
research—materials, electronics, computers, and pharmaceuticals—encompass the 
strengths of Pennsylvania universities. University research is also associated with greater 
research in industry. Especially important, the economic impacts of basic research appear 
to remain localized to a large degree. Firms located near centers of advanced research 
have been found to possess major advantages, which would be consistent with findings of 
the importance of personal contacts and social interaction. University research has a 
particularly beneficial effect on utilization of advanced instrumentation, which is a 
critical factor in science-based technologies. Overall, the presence of high quality basic 
university research enhances the capacity for scientific and technological problem solving 
in industry. Thus, “a state that improves its university research system will increase local 
innovation both by attracting industrial R&D and augmenting its productivity.”74 

 
On the other hand, this same body of literature somewhat dampens the case for 

downstream policies. Small firms are much less likely to be in a position to benefit from 
university research, and interventions on their behalf affect only one phase of the 
technology cycle. Basic research tends to generate university start-ups in a limited 
number of fields, which would certainly include nanotechnology and biotechnology. But 
university start-ups in general have low growth rates, even with the assistance of 
university incubators. The creation of start-up companies is symptomatic of a productive 
environment for technology transfer—the presence of economically relevant research and 
an entrepreneurial culture. However, given such an environment, basic research will 
translate to economic development in multiple ways. 

 
The policy issue for Pennsylvania should not be whether to pursue an upstream 

strategy or a downstream strategy, but rather finding the proper balance of these two 
approaches. The basic questions underlying state policy are: what are the ultimate public 
benefits? To what extent are they retained within the state? And, how much expenditure 
is justified? As we have seen, consideration of this issue in Pennsylvania has focused on 
endogenous growth of nanotechnology and other high tech industry. However, such a 
development would be far from the only benefit to the Commonwealth. Besides fostering 
the growth of new firms, scientifically robust Pennsylvania universities generate wealth 
from research and education by themselves and, additionally, anchor the presence of 
technology-based multinational corporations. Thus, three rationales exist for state 
investment in the quality of the academic research enterprise. 
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First, research itself is a valuable economic asset. It brings external dollars into 
the state and generates additional economic activity. A study of the economic impact of 
Penn State estimated that each $10 million of external research funds produced nearly $1 
million in additional state revenues.75 Since research funds are obtained largely through a 
competitive process of peer review, research funding depends above all on the relative 
quality of academic science. In addition, high-quality research has spillovers in 
institutional prestige, voluntary support, and educational enhancement. The point to stress 
here is that investments in the quality/quantity of academic research create value 
irrespective of downstream commercialization. Moreover, they strengthen universities 
whose total contributions to their regions go well beyond potential economic gains in 
nascent industries. 

 
Second, investments in the academic research base should contribute to anchoring 

the research and administrative organizations of multinational corporations. Given the 
inexorable trend toward globalization, these behemoths will manufacture their products 
wherever it is most efficient; however, their intellectual operations are best situated 
among the knowledge flows of vibrant innovation systems.76 This effect cannot be easily 
quantified, but the evidence from nanotechnology in Pennsylvania showed major 
materials, pharmaceutical, and electronics firms actively associated with the state’s 
universities. In at least one case, a major corporate lab chose to locate in the 
Commonwealth solely for that reason.77 These activities sustain a high proportion of 
professional jobs of the kind that Pennsylvania explicitly seeks. Corporations, for their 
part, seek cooperative partners with whom they can work, and the evidence cited here 
indicates that Pennsylvania universities have adapted well to that role. But corporations 
also seek cutting edge research of the highest possible quality, and they can obtain access 
anywhere on the globe. University-industry partnerships must provide such science if 
they are to endure. 

 
Third, endogenous growth has been the long-standing policy approach of the 

Commonwealth. It now possesses a large institutional infrastructure and a stream of 
regular appropriations. Small companies presenting at the Business of Nano conferences, 
for example, frequently reported receiving assistance from these programs. Thus, one 
could question the need for additional “downstream” measures for more coordination or 
assistance to industry. 

 
Pennsylvania’s ad hoc policies for nanotechnology fulfilled some of these 

objectives, at least in part. The policy entrepreneurs all sought to bolster NSE research at 
their respective institutions, and to varying degrees succeeded. But the price was always a 
basket of downstream commitments. This pattern typifies the relationship of the state to 
the academic research enterprise. Policy entrepreneurs in the universities can receive a 
sympathetic hearing in Harrisburg for schemes to promote research if these projects also 
promise economic contributions—i.e. jobs—in politically powerful regions. In this way, 
Pennsylvania universities receive significant packages of state support for research 
infrastructure. However, policy entrepreneurship is not a state S&T policy, but rather a 
substitute for one. 
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Competition for scientific leadership may well determine where future clusters of 

science-based technologies will be located. Pennsylvania’s annual investment of less than 
$10 million in nanotechnology, for example, might be adequate to compete against other 
leading states in that field if it were leveraged and focused on enhancing the 
competitiveness of the state’s NSE research. Other states have found policies and 
practices to accomplish this by employing competitive proposals (California), creating 
star professorships (Georgia, New York), and utilizing external peer review for objective 
evaluation. Pennsylvania possesses an exceptional academic base in many science-based 
technologies and all the necessary machinery to facilitate the process of science-based 
innovation. A true S&T policy would focus aggressively on maintaining and enhancing 
the wellsprings of scientific discovery. 

 
In this respect, Pennsylvania might do better by imitating the trends found in other 

states, mentioned at the outset of this paper. Even contemplating how it might establish 
clusters or centers of excellence in strategic science-based technologies would force the 
state’s leadership to extend their vision beyond their current myopia. It might prompt 
them to compare the state’s modest level of investment with that of more aggressive 
states. And, such comparisons might shake their complacent acceptance of low relative 
rankings of the nation’s sixth largest state. Finally, and a precondition for any progress on 
this front, a critical examination of other state efforts to stimulate TBED might 
undermine the ostensible credulity toward its own self-serving propaganda. Above all, 
Pennsylvania should aim to supplement its current short-term approach to TBED, which 
at best sustains the status quo, with a long-term plan that would aspire to kindle a 
significant boost to the state’s economy. 

 

POSTSCRIPT:  In the Fall of 2005, the Commonwealth of Pennsylvania committed $40 
million to pay one-half of the cost of a new materials science building at Penn State. As 
science policy, this would appear to be an enlightened investment. By bolstering the 
infrastructure of a leading academic performer of materials research, this leveraged 
commitment should strengthen an area in which the university possessed a comparative 
advantage. Negotiations for this award involved university commitments to economic 
development programs in politically powerful but economically depressed regions. Thus, 
concentration and augmentation of research resources was a direct result of policy 
entrepreneurship and effective political chemistry. For Governor Rendell, however, the 
issue was simple: “this building will mean jobs,” he explained. If the foregoing analysis 
holds true, he could be right. 
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 Table 1. Science and Engineering Profile: Pennsylvania 
 

Characteristic State U.S. Rank 
Doctoral scientists, 2003 26,940 566,330 6
Doctoral engineers, 2003 5,030 118,540 6
S&E doctorates awarded, 2005 1,397 27,974 5

Engineering (percent) 27 23 na
Life sciences (percent) 21 26 na
Social sciences (percent) 15 15 na

S&E and health postdoctorates in doctorate-granting     
institutions, 2005 2,406 48,601 5
S&E and health graduate students in doctorate-granting 
institutions, 2005 24,085 527,767 7
Population, 2005 (thousands) 12,430 300,322 6
Civilian labor force, 2005 (thousands) 6,292 150,717 6
Personal income per capita, 2005 (dollars) 34,848 34,495 19
Federal spending  
    Total expenditures, 2004 (millions of dollars) 94,900 2,136,440 5
    R&D obligations, 2004 (millions of dollars) 3,282 98,936 7
Total R&D performance, 2004 (millions of dollars) 10,813 283,439 10
Industry R&D, 2003 (millions of dollars) 7,091 198,244 9
Academic R&D, 2005 (millions of dollars) 2,354 45,725 5

Life sciences (percent) 60 60 na
Engineering (percent) 17 15 na
Math and computer sciences (percent) 8 4 na

Number of SBIR awards, 2000-2005 1,224 33,289 9
Utility patents issued to state residents, 2005 2,298 74,630 10
Gross state product, 2005 (billions of dollars) 489 12,492 6
S&E = science and engineering 
SBIR = small business innovation research
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Table 2. Pennsylvania Universities Performing Research, 1992 & 2002 
 
 Yr. a-e a b c d e f 
University of 
Pennsylvania 

1992 $222 1.2% 73% 9.5% 2,299 3.76

 2002 $522 1.4 81 5.5 2,029 3.89
Pennsylvania State 
University 

1992 $278 1.5 32 44 3,201 2.93

 2002 $493 1.4 33 40 3,744 3.49
University of Pittsburgh 1992 $157 0.8 81 5.7 2,508 2.83
 2002 $400 1.1 86 5.3 2,641 3.04
Carnegie-Mellon 
University 

1992 $111 0.6 12 68 1,276 3.45

 2002 $188 0.5 4.2 79 1,924 3.81
Temple University 1992   $54 0.3 63 2.8 1,226 2.30
 2002   $64 0.2 63 5.4 975 2.53
Drexel University 1992   $23 0.1 8.2 60 941 n/a
 2002   $44 0.1 1.6 92 960 n/a
Lehigh University 1992   $32 0.2 2.5 75 726 2.40
 2002   $23 0.06 4.1 78 601 2.68
 
a.  R&D expenditures in $millions. 
b.  Share of U.S. total academic R&D expenditures 
c.  Per cent life sciences 
d.  Per cent engineering and computer science 
e.  Full-time graduate students in science, engineering, and health fields 
f.  Composite rating of academic programs: NRC ratings, 1982 vs. 1995 



 31

Table 3. Pennsylvania Programs for Technology-Based Economic Development 

Program Year Aim 
Ben Franklin Partnership 
(BFP) 

1982 Use university science and technology to 
strengthen industry competitiveness and job 
creation. 
 

Industrial Resources 
Centers 

1986 Assist small manufacturing firms to adopt 
advanced process technologies [precursor to the 
federal Manufacturing Extension Partnership]. 
 

Pennsylvania Technology 
Investment Authority 
(PTIA) 

1999 Support university research and business 
development in technology areas. 
 
 

Life Sciences Greenhouses 
 
 

2001 Uses tobacco settlement funds to support 
commercialization of discoveries arising from 
university biotechnology research. 
 

Pittsburgh Digital 
Greenhouse 

2001 To commercialize robotic and digital 
technologies. 
 

Ben Franklin Technology 
Development Authority 
[merger of BFP and PTIA] 

2002 Use university science and technology to 
strengthen industry competitiveness and job 
creation. 
 

Keystone Innovation Zone 
 
 
Jonas Salk Legacy Fund 
   (proposed) 

2004 
 
 

2006-
? 

Build alliances between regional economic 
development organizations and universities. 
 
Securitized tobacco settlement fund to create 
$500 billion fund for biomedical capital 

 



 32

Table 4. Main State Initiatives to Support Nanotechnology 

Year State Initiative 
1997 Allocates $2 million for Penn State’s bid for a Semiconductor Industry 

Association research center on interconnects 
1998 Allows Penn State to use the funding for nanotechnology education and 

training, allocation becomes annual – NMT Partnership 
  

2000 Matches NSF funding to establish a nanotechnology center in Southeastern 
PA 

2001 Funds the Nanotechnology Institute at $3.5 mi / year in Philadelphia 
Funds nanotechnology research & commercialization at Lehigh University at 
$1 mi 
Starts funding the Pittsburgh Digital Greenhouse at $3-5 m./year 

2002 Scales up investment at Penn State to $3.5 mi / year to include research & 
commercialization 
Increases funding for research & commercialization at Lehigh University to 
$3 mi /year 
First statewide conference Pennsylvania Nanotechnology 2002 

2003 Augments annual funding for Penn State’s NMT Partnership ($2.3 mi) and 
research commercialization ($3.5 mi) 
State secretary commissions a study of nanotechnology in Pennsylvania by 
ANGLE Technology 

2004 Statewide conference The Business of Nano 2004 
2005 

 
 

2007 
2008 

DCED releases the whitepaper Pennsylvania Initiative for Nanotechnology 
Statewide conference The Business of Nano 2005 
 
PIN considered state nanotechnology policy 
State spending for PIN = $9.8 million 
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Table 5. NANO Data for PA Universities, 2002-2004: NSF Funding, Publications, 
Patents; and Co-Publications (1986-2003) 

University NSF Funds Publications Patents Co-publication 
Penn State $20.1m. 349 30 63 
U Penn 19.1 169 32 29 
Carnegie Mellon 8.6 166 12 40 
U Pittsburgh 4.5 113 18 30 
Drexel 5.4 80 6 5 
Lehigh 3.8 40 1 15 
Temple 0.3 18 1 7 
Source: Prahbu, note #56.
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Figure 1. Percentage Tuition and State Appropriation Revenues, Pennsylvania State 
University 
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