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The turn of this century was a peculiar period. It was accompanied by in-

tense retrospections as well as imaginations and millennium proclamation s. 

A further coalescing world society has tried to fi nd answers to its own im-

mediacies, and seems to be in need of a new language that would both frame 

exigent problems and bring together actors that are willing to tackle them. In 

this respect, old concepts live on vis-à-vis new ones, and they may peacefully 

coexist in some cases while causing interferences in others. Such refl ections 

are not restricted to the sphere of high politics, the world economy, and global 

tensions and confl icts. It is also in the prosaic sphere of science policy that 

various actors try to make sense of what’s happening in the present age and 

what has changed. Against this background, the questions we follow in this 

chapter are whether twentieth-century science policy concepts—such as “ba-

sic research” and “applied research”—have been overwritten by new ones, 

or whether old and new concepts can coexist. More specifi cally, we ask which 

new concepts bear potential to structure twenty-fi rst-century expectations 

about the relationship of science and society.

Looking back at the history of basic and applied research, we have to 

keep in mind that this distinction never stood on its own feet, but needed 

symbolic and institutional backing. First, the basic/applied distinction was 
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embedded in those master narratives that have determined science policy dis-

courses in the second half of the twentieth century. For example, reviewing 

the post–World War II decades, science policy scholars in the 1990s came 

to the common understanding that science and society had—more or less 

explicitly—established a “social contract” (Guston and Keniston 1994; Sare-

witz 1996; Gibbons 1999). By this quasi-contractual relationship, scientists 

were granted high degrees of autonomy as long as society was convinced that 

scientifi c knowledge would be translatable into technological innovations and 

ultimately contribute to economic welfare.

Similarly, at the organizational level, models and narratives of “technology 

transfer” seized prominence in the postwar period. While investments into 

warfare-related R&D had proved useful, the continuing and even intensify-

ing federal R&D expenditure after the war needed extra justifi cation, which 

resorted to concepts of technology transfer for civilian use. On university 

campuses and in research laboratories, calls for technology transfer were 

thus expounded by various terms, such as “fall out,” “spillover,” and, most 

notably, “spin off s” (Mowery and Sampat 2001; Mowery et al. 2004; Shane 

2004: 45–48). For the scientists’ autonomy, these early concepts of technol-

ogy transfer were functional: they did not question the relevance of scientifi c 

knowledge production as such, but argued for auxiliaries that would make 

scientifi c knowledge transferable. In this respect, they helped sustain a “pro-

tected space” for scientists and universities (Rip 2011).

And yet, the most successful master narrative was the “linear model of 

innovation.” Introduced and disseminated in the 1950s and 1960s mainly 

by economists (Godin 2006, 2017; Lax 2015), this model built on the idea 

that innovation could be rationally scheduled via consecutive sequences of 

action: basic research would be followed by applied research, the latter by 

development, and this last step would ultimately lead to technological inno-

vations and profi table market products. Although the linear model was never 

codifi ed or generally accepted as valid in terms of its explanatory power (Ed-

gerton 2004), it was tremendously infl uential insofar as it provided a simple 

way of conceiving and communicating the utility of science—not least the 

utility of basic research (Kaldewey 2013: 371–383). In the scholarly com-

munities, however, the linear model was increasingly challenged from the 

1980s onward (Stokes 1997; Pielke and Byerly 1998; Fagerberg 2005). Na-

than Rosenberg (1991: 335) put this critique in a nutshell: “Everyone knows 

that the linear model of innovation is dead.” In the following years, such 

declarations became commonplace, and, as some scholars observed, turned 

into a cheap and polemic ritual (Freeman 1996: 27; Balconi, Brusoni, and 

Orsenigo 2010; Mirowski 2011: 47). The consensus in the 1990s was that 

the linear model of innovation could never fully grasp the complexity of 

innovation processes.
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The rise and decline of the linear model as a master narrative can be il-

lustrated by quantitative semantic analysis (Chumtong and Kaldewey 2017). 

Figure 9.1 traces the frequency of the key terms “basic research,” “applied 

research,” and “technological innovation” in the Google Ngram Viewer 

corpus. The fi gure makes visible how the trajectories of the three terms are 
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Figure 9.1. The linear model as seen through the Google Ngram Viewer, 1930–
2008 (relative frequencies of the respective terms, English corpus, case-
insensitive; data retrieved 8 November 2016; smoothing=3)

Figure 9.2. The linear model as seen through the Science archive, 1930–2015 
(relative numbers of articles that contain the respective terms; data retrieved 8 
November 2016; smoothing=3)
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interrelated, how they all disseminate into everyday language in the 1950s 

and 1960s, and then decline in the 1990s. This data impressively corroborates 

the “death hypothesis” put forward by Rosenberg and others. The Google 

Ngram Viewer corpus, however, does not represent scientifi c communication 

in the narrow sense and cannot be used to infer anything about how relevant 

the respective concepts have been in more specifi c scientifi c and science pol-

icy contexts. Figure 9.2, therefore, shows how many articles in the archives of 

the journal Science contain the respective terms, relative to the total number 

of articles in a given year. Since Science is dedicated to academic scientists as 

its primary audience, the concept of basic research is—unsurprisingly—more 

prominently represented in this context than the concept of applied research. 

Nevertheless, both terms follow a pattern quite similar to that displayed in 

the Google Ngram Viewer: they had their heyday between the 1950s and the 

1980s and became less commonly used at the end of the century.

Based on the data in fi gures 9.1 and 9.2 and the critiques mentioned above, 

one could conclude that the linear model did not make it into the twenty-fi rst 

century. Further quantitative inquiries with a specifi c focus on the more re-

cent past, however, challenge this interpretation. Figure 9.3 contains data ex-

tracted from more than thirty-fi ve million publications indexed in the Web of 

Science core collection1 and indicates how many of these contain the respec-

tive terms in title, abstract, or keywords. Surprisingly, in this corpus, the use 

of all three terms has increased constantly between 1991 and 2015. If one 

Figure 9.3. The linear model as seen through the Web of Science core collection, 
1991–2015 (relative numbers of publications that contain the respective terms in 
title, abstract, or keywords; data retrieved 11 August 2016; smoothing=3)
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compares the three fi gures, the overall picture becomes blurry. On the one 

hand, fi gures 9.1 and 9.2 indicate that the linear model of innovation lost its 

status as a master narrative; on the other hand, fi gure 9.3 indicates that the 

key terms are fi rmly established in “normal” scientifi c communication.

Why then did the linear model, and the concepts nested within it, persist 

despite the scholarly critique? One reason is that the linear model of inno-

vation and the idea of a social contract of science were, for several decades, 

coupled and integrated in the same policy rationale: that the state—amid 

decreasing competitive market advantages for companies—needs to provide 

public goods. Basic scientifi c knowledge was assumed to be an important pub-

lic good that everyone could take advantage of (Schauz 2014: 299). This ratio-

nale has sustained its importance despite the fact that economists and other 

scholars disagree.2 Another reason for the persistence of the linear model is, 

simply, that so far there seems to be no alternative master narrative available. 

Ulrich Wengenroth (2000: 28) thus concisely summarized the debate at the 

end of the century by admitting that the linear model “is now dead,” while at 

the same time stating that “it has not yet been successfully replaced by a new 

orthodoxy.” Roger Pielke (2012: 341) recently put forward a similar argument 

asking if and to what extent “a new political consensus” may emerge that can 

“replace ‘basic research’ as a central, organizing symbol.” In our view, the 

same question should be asked with respect to all concepts nested in the linear 

model (“basic research,” “applied research,” “research and development,” 

“technological innovation”).

Against this background, the questions of whether basic and applied re-

search denote distinct activities within the logic of the linear model, and 

whether the model is more or less appropriate in describing or planning re-

ality, do not seem instructive for us. Instead, we contend that concepts are 

powerful not necessarily due to their analytical accuracy, but rather due to 

their symbolic function in science policymaking. Because concepts—old and 

new ones—are embedded in a narrative structure, they represent more than 

strategic language games: they open avenues to unfold alternative identities, 

for individual actors, organizations, and science in general.3

In view of these considerations, we propose to take a closer look at those 

science policy concepts that have gained prominence in the last two decades, 

and to refl ect on how these new concepts relate to the old ones. In contrast 

to those science policy scholars who aim to show how one conception of the 

science/society relationship follows the other (“mode 1” versus “mode 2”), 

we assume that new concepts are related to the old narrative in a more com-

plex way. We focus on the reuptake of two concepts in particular, both of 

which have become particularly prominent in the transnational research pol-

icy of the European Union (EU), while at the same time being rooted in ideas 
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originally stemming from the United States of America.4 First, we reconstruct 

the history of the “frontier”-metaphor in science policy contexts, particularly 

the European Research Council’s strategy of reframing “basic research” as 

“frontier research.” Second, we trace the idea of “grand challenges” in sci-

ence policy discourses in the United States and Europe, as it has, though 

mostly implicitly, come to replace older notions of “applied research.” Fig-

ures 9.4 and 9.5 illustrate that and how these concepts have gained traction in 

scientifi c communication—and how the trajectories (though not their abso-

lute frequency) outperform the old concepts of basic and applied research (as 

seen in fi gure 9.3). Such quantitative analysis, however, is of heuristic value 

only, and must be handled with care whenever the goal is to explain actual 

historical transformations. Therefore, the following analysis of contemporary 

discourses employs a more qualitatively oriented methodological strategy, 

which, similarly to the other chapters of this volume, builds on insights from 

historical semantics.

By selecting these two cases, we do not propose that the “frontier” con-

cept fi nally replaces basic research, or that the concept of “grand challenges” 

supplants older notions of applied research. Many more concepts would be 

worth further exploration—for example, “excellence,” “interdisciplinarity,” 

and “breakthrough research” as circumscriptions of basic research, or “im-

pact,” “transdisciplinarity,” and “translational research” as new formulations 

of what used to be called applied research. Studying the whole semantic fi eld 

Figure 9.4. The frontier metaphor as seen through the Web of Science core 
collection, 1991–2015 (relative numbers of publications that contain the term in 
title, abstract, or keywords; data retrieved 13 July 2017; smoothing=3)
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that builds on and transforms the twentieth-century basic/applied distinc-

tion would go beyond the scope of this chapter. Furthermore, in view of the 

linear model, we do not inquire into what happened to the fi nal link of the 

chain, “technological innovation.” Here, again, a wide fi eld of new concep-

tual variations has developed in the last decades—concepts such as “social 

innovation,” “open innovation,” “sustainable innovation,” or, most recently, 

“responsible innovation.”5 Nevertheless, the two case studies presented in 

this chapter point out that conceptual history and metaphorical analysis are 

helpful not only in understanding the history of old concepts, but also in 

refl ecting on quite recent developments and transformations in the language 

of science policy.

Frontier Research

In April 2005, the European Research Council (ERC) was established by the 

European Commission as part of a legal proposal for the Seventh Framework 

Programme for Research and Technological Development (FP7) and fi nally 

enacted in December 2006 by the European Parliament and the Council of 

the EU. The new thing about the ERC was that for the fi rst time in the history 

of the European Communities (EC), its central institutions allowed for inves-

tigator-driven and strictly peer-reviewed basic research funding. While calls 
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Figure 9.5. The grand challenges discourse as seen through the Web of 
Science core collection, 1991–2015 (relative numbers of publications that 
contain the respective terms in title, abstract, or keywords; data retrieved 
14 February 2017; smoothing=3)
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for such a funding mechanism are as old as the EC themselves,6 these initia-

tives never gained momentum, a reality best refl ected in the unfortunate de-

velopment of the European Science Foundation (ESF) since its establishment 

in 1974 (Darmon 1997). Part of the reason is that after the fi rst big European 

crisis in the 1970s, research policy on the supranational EC level had been (re)

established in view of one primary goal: the revitalization of European inte-

gration via the internal market project (Garrett 1992; Guzzetti 1995; Peterson 

and Sharp 1998). Among other policy fi elds, scientifi c research was chosen, 

and thus subordinated, to serve the competitiveness of European business 

enterprises, in particular against U.S. and Japanese fi rms. Thus, the initial 

Framework Programmes (FPs)—BRITE, EURAM, ESPRIT—channeled 

political expectations toward the ideal of economic utility. As a consequence, 

the Commission’s directorate general pursued a strictly utility-oriented re-

search policy (Banchoff  2002). As early as with the Third Framework Pro-

gramme (1991–1994), however, that path-dependent development no longer 

matched reality: public research institutions drew close with private entities 

as regards their extraction of funding from the FPs (Peschke 2001). Thus, 

there was a mismatch of expectations, which ran toward a dichotomy between 

the proff ered applied research funding (aiming at economic utility) and a 

self-determination of actors from public research institutions (being sympa-

thetic with basic research).

Against this backdrop, proposals to fi nance basic research on a pan-Eu-

ropean level were prompted in the mid-1990s—for example, from the Euro-

pean Molecular Biology Organization (EMBO), the Royal Society, and from 

policymakers of smaller European countries (Flink 2016: 105). The Com-

mission was relentlessly criticized for keeping the FPs oriented toward ap-

plication-oriented, cross-national collaborative R&D, which were not only 

regarded as bulky and red-taped, but also inadequate to serve the free play 

of knowledge production.7 Still, the fact the ERC project was actually go-

ing to walk the walk, with the idea of inducing purely scientifi c peer-review 

principles of the highest standards and allowing individual researchers of all 

scientifi c fi elds to apply for funding, did cause a sensational bang in and far 

beyond the limbo of Brussels’ offi  ce corridors.

The Commission initially ignored, then argued against, the idea of inves-

tigator-driven basic research funding (Nature Editorial 1997: 661; Schulz-

Forberg and Stråth 2010: 149–150), as the organization was bound legally 

and politically to other funding rationales (Flink 2016). First, the principle 

of subsidiarity required that actions should be regulated, if possible, on a 

lower level of European governance (e.g., communal, regional, and national). 

Second, required to deliver European-added value, the Commission needed 

to itemize its potential actions as specifi cally benefi cial for actors of cross-
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national range and scope. Third, the consortia profi ting from the FPs were 

well rehearsed in lobbying for every euro. Therefore, the ERC initiative and 

most certainly the Commission were likely to face the strong counter-argu-

ment that basic research would not lead to profi table, innovative products 

serving the European market. From early on, most advocates of the ERC 

initiative might have strategically anticipated such forthcoming counter-

arguments and therefore continued to stress the economic utility of basic re-

search. Yet the term itself was problematic as it conveyed notions of pure cu-

riosity and uselessness. Against this background, the European Commission 

(2005: 3, 6, 36, passim) in her legal proposal of FP7 replaced “basic research” 

with a new term, “frontier research.” This swift semantic shift—which was 

legitimized by a body of experts who had delivered a report titled Frontier 

Research: The European Challenge (Harris et al. 2005) only two months be-

fore the legal proposal—is remarkable not only because “basic research” was 

obliterated, but because the experts and the Commission chose the specifi c 

alternative of “frontier research.” Thus, this kind of conceptual politics is an 

intriguing case to study in order to answer the questions put forward in this 

chapter: (how) are old concepts overwritten by new ones, and is it possible 

that old and new concepts coexist?

“Frontier” is not a common term in Europe, and was rarely used in the 

continent’s national science policy discourses during the twentieth century. 

Rather, it draws on a longstanding historical legacy of the United States, 

where it fi nds use both as a popular, conventional daily-life metaphor and as 

a term employed in science policy discourse.8 The concept became most fa-

mous in the nineteenth century’s “Wild West” era and portrays a movement 

of exploring and exploiting the Americas from east to west and further south 

(Ceccarelli 2013). Thereby, the frontier does not primarily denote a border 

but rather a transitional contact zone for adventurous “frontiersmen” pene-

trating the unknown territory. While moving the frontier as a literal process 

terminated with the pioneers reaching the natural borders of the Americas, 

the late nineteenth century turned the frontier into a powerful metaphor that 

was no longer bound to an actual process of exploring new lands.

In 1893, historian Frederick Jackson Turner presented the fi rst version of 

his famous treatise on The Signifi cance of the Frontier in American History to 

the American Historical Association in Chicago (Turner 1893; see also Cole-

man 1966; Rushing 1986).9 Though he revised his presentation numerous 

times until the 1920s, his basic idea remained stable: extending the actual 

frontier with all its implied boldness and risk had forged a “special Amer-

ican character . . . marked by fi erce individualism, pragmatism, and egali-

tarianism” (Cronon 1987: 157). Amid the cessation of the literal process of 

expansion, the frontier would have been perpetuated in a spiritual manner 
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that vindicated Americans for being “savagely exploitative, and fi rm in [their] 

conviction that opportunity was boundless,” no matter in what fi eld they were 

active (O’Donnell 2000: 83; see also Ceccarelli 2013: 35).

In the early twentieth century, historians scathingly criticized Turner for 

his post-Darwinian truism of an existing American exceptionalism.10 It is 

noteworthy that, despite the academic origin and immediate contestation, 

Turner’s metaphorical concept fell on fertile ground in the general public and 

became a highly praised portrait of an American “pragmatism.” Turner was 

fascinated that the American settlers, most of them European immigrants, 

“were separated from their past and forced to assume a new physical and 

spiritual appearance” (Coleman 1966: 36). As an implication, the miracu-

lous frontier could not allow the individual or society to be limited by tra-

dition-based intellectual—that is, European pondering. In other words, the 

frontier concept can be viewed as a mundane and aggressive version of lib-

eralist thinking. Accordingly, frontier-inspired liberalism attached little value 

to governmental oversight, alleging that it would hamper both the individual 

in thriving on its freedom, and society in forming a collective identity vested 

with the values of the pioneering frontiersman (Turner 1920: 271–272). Still 

a breach was left to be fi lled: as not all men were pioneers during the actual 

process of expanding the frontier, so could not everyone in society become a 

frontiersman in the metaphorical sense. Given that problem, Turner (1920: 

284) was quite explicit in choosing “university men” as the new pioneers: 

“Scientifi c experiment and construction must be applied to all of nature’s 

forces in our complex modern society. The test tube and the microscope are 

needed rather than the ax and rifl e in this new ideal of conquest.”11

Turner’s translation of the literal frontier into a metaphor describing the 

modern research enterprise has been extremely infl uential for decades. In 

1922, later U.S. President Herbert Hoover (1922: 64) published his book on 

American Individualism and conjectured that “the days of the pioneer are not 

over . . . . The great continent of science is as yet explored only on its bor-

ders, and it is only the pioneer who will penetrate the frontier in the quest 

for new worlds to conquer.”12 After 1945, following Vannevar Bush’s report 

Science—The Endless Frontier,13 such references became convention in sci-

ence policy-making whenever new programs were to be justifi ed. The fron-

tier concept was prominently employed, for example, in John F. Kennedy’s 

(1960) advocacy of the Apollo program: “Beyond that frontier are uncharted 

areas of science and space.” Another two decades later, Jimmy Carter (1979) 

stood up for his plans to spend federal money on R&D amid decreasing tax 

revenues: “We are pushing back the frontiers in basic research for energy, de-

fense and other critical national needs.” As for its semantic dissemination, the 

frontier had already been incorporated into dictionaries in the 1950s, which 
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defi ned science as a way to explore the unknown territories of knowledge. 

On the one hand, this popularization is an indication of a “dying metaphor.” 

On the other hand, the fact that “it does not appear in all dictionaries sug-

gests that the frontier of science is a fairly recent locution and that its historic 

resonances are not lost on the interpretive communities that encounter it” 

(Ceccarelli 2013: 33).

Against the background of the specifi c meaning of the frontier in the 

American context, the question that needs answering is why EU research pol-

icy makers, as well as the body of experts who advised the Commission (Har-

ris et al. 2005), adapted the metaphor. To recall, the Commission resorted to 

the frontier concept in its legal proposal for establishing the ERC under FP7, 

although everyone knew that the ERC was all about funding “basic research.” 

So why exactly was it that “frontier” rather than any other qualifying term 

was used to pinpoint the ERC’s mission, given that EU policy-makers could 

resort to concepts more conversant in Europe? To answer this question, a 

functional perspective on language is helpful: the frontier helped European 

policy-makers circumvent the traditional distinction of basic and applied re-

search—with its potential antagonistic meaning. This evasive strategy was 

even made explicit on the ERC’s website: “Today the distinction between 

‘basic’ and ‘applied’ research has become blurred. . . . As a result, the term 

‘frontier research’ was coined for ERC activities since they will be directed to 

fundamental advances at and beyond the ‘frontier’ of knowledge.”14 At fi rst 

sight, frontier research seems to get reduced to a fi ll-in concept, as the ERC 

and the Commission would endanger their own legitimacy by touching upon 

the social assumptions pertaining to “basic” vis-à-vis “applied” research and 

embracing the former. At the same time, the ERC attempted to clarify the 

term “frontier research” by stressing that it refl ects a new understanding of 

basic research: “On the one hand it denotes that basic research in science and 

technology is of critical importance to economic and social welfare, and on 

the other that research at and beyond the frontiers of understanding is an 

intrinsically risky venture, progressing on new and most exciting research 

areas and is characterized by an absence of disciplinary boundaries.”15 Read 

sequentially, the ERC and the Commission substitute “basic research” with 

“frontier research.” Additionally, the description of frontier research fi rst 

promises economic growth, and only second promises social welfare, before it 

actually points to the original meaning of the term—that is, glorifying “an in-

trinsically risky venture.” That the EU discourse can resort to these fairly old 

interpretive schemas points to both the impressive capabilities of the Com-

mission as a policy entrepreneur and, more importantly, to how the historical 

baggage of concepts survives even if these concepts travel through time and 

space.
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The rhetorical move of the Commission seems to have been carefully pre-

pared in the course of policymaking. As mentioned above, before releasing its 

legal proposal for FP7, the Commission ordered a “high-level expert group 

report,” which was delivered in February 2005 (Harris et al. 2005) and con-

fi rmed that the distinction between basic and applied research was obsolete 

for modern research undertakings. The Commission resorted to a specifi c 

mixture of expertise, as it put together scientists; science, technology, and in-

novation (STI) policy scholars; high-ranking industrial representatives; and 

members of the Commission. It is noteworthy, however, that the same line of 

argumentation had been presented by the Commission one year before in the 

offi  cial communication, Europe and Basic Research (European Commission 

2004), while neither this nor any other earlier document had mentioned the 

term “frontier research.” Given the close interaction of policy experts from 

the commission and academic experts, it is diffi  cult to assess who was respon-

sible for the decision to introduce the new term. Nevertheless, the point is 

that these actors in the end came to a common understanding.

The functionality of the new concept for EU science policy was not re-

stricted to the problem of obtaining competencies in basic research funding 

surreptitiously. Another crucial point emphasized in all reports and legal doc-

uments using the frontier metaphor was the geostrategic importance of sci-

ence in an alleged “war for talents” fought against the United States, Japan, 

and other new global powers (e.g., European Commission 2004: 7–10). While 

this geostrategic demarcation discourse shielded both European science and 

the European Union’s internal market from outsiders in a very blunt way, as 

in the ratifi ed document of FP7, some of this preparatory work needed to be 

delivered with a subtle package. The best example is given by the title of the 

aforementioned report, Frontier Research: The European Challenge, obviously 

a combination of two famous book titles, but with some decisive modifi ca-

tions. The fi rst component, Frontier Research, evidently referring to Vannevar 

Bush’s report Science—The Endless Frontier (1945), implies the necessity of 

establishing a new European organization functionally similar to the U.S. Na-

tional Science Foundation (NSF). The second component of the title, The 

European Challenge, alludes to Jean-Jacques Servan-Schreiber’s international 

bestselling book, The American Challenge (1968), which presented the United 

States and Europe in the state of an economic and innovation war,16 also 

known as the “technology gap.”

The European Union’s adoption of the “frontiers of science” metaphor 

has some notable aspects. Both the Commission and the ERC employed 

“frontier research” in order to cover tracks that could lead back to the dis-

tinction between basic and applied research. While other concepts could have 

been employed (for example, “strategic research” or “use-inspired basic re-
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search”), one cannot dismiss that the NSF was viewed as a role model for the 

establishment of the ERC. Some would even concede that this remodeling 

bears traces of the forlorn leitmotif of Europe as being fully integrated in 

a federalist nation—that is, the “United States of Europe” (Majone 2006: 

610). Furthermore, paying tribute to Herbert Hoover’s and especially Vanne-

var Bush’s ideas of the frontiers of science alludes to the positive sides of risk-

taking that go hand in hand with pioneering research activities. The Com-

mission and the ERC presented all kinds of benefi ts resulting from frontier 

research, be it the vast number of U.S. Nobel Prize laureates, the immediate 

technology transfer from this allegedly breakthrough-type of research into 

successful market products, or the high citation impact of U.S.-based sci-

entists. Again, the United States were presented as both a role model and 

a competitor in the same breath, which has empowered a specifi c European 

interpretation of the frontier. Beyond that, one can conclude that implement-

ing the frontier metaphor in the European science policy context was not only 

aimed at establishing a new research funding agency but also a new and bold 

political approach of the Commission vis-à-vis national European science 

policy actors, including science funding agencies. Research undertakings 

funded by the ERC were meant to expand the frontiers of knowledge, but at 

the same time the Commission had actually expanded the political frontiers 

by seizing new competences hitherto claimed nationally.

Grand Challenges

The establishment of the ERC as a European funding agency dedicated to 

basic research was the most conspicuous novelty in the Seventh Framework 

Programme (2007–2013). The subsequent Eighth Framework Programme 

(2013–2020) came with a new name, “Horizon 2020,” and complemented 

the goals of “excellent science” and “industrial leadership” with a new ra-

tionale that built on the notion of “societal challenges” (European Commis-

sion 2011a, b).17 In concrete terms, this meant that funding within the new 

Framework Programme would focus on six priority areas broadly circum-

scribed by the issues of health and demographic change, food supply and 

agriculture, energy security, transport, climate action and sustainability, and 

security.18 In the parlance of the Commission, this “refl ects the policy pri-

orities of the Europe 2020 strategy and addresses major concerns shared by 

citizens in Europe and elsewhere” (European Commission 2011a: 5). The 

term “societal challenges” in these documents is used mostly synonymously 

with “grand challenges,” a term offi  cially introduced in EU policy in 2007 

and 2008 to stipulate a new rationale for an all-encompassing coordination 

within the promised European Research Area (European Commission 2007, 
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2008). Shortly after, in the so-called Lund Declaration (Swedish EU Presi-

dency Conference 2009: 40) a large coalition of stakeholders and representa-

tives from science policy, industry, and research organizations proposed that 

“European research must focus on the Grand Challenges of our time moving 

beyond current rigid thematic approaches.”

As in the case of frontier research, the idea of grand challenges is not Eu-

ropean by origin. Rather, the concept fi rst appeared in U.S. science policy 

contexts of the late 1980s, indicating a need for federal funding in the fi eld 

of computational sciences, especially with regard to the building of super-

computers (Hicks 2016). The fi rst explicit defi nition can be found in a 1987 

report by the U.S. Federal Coordinating Council for Science, Engineering, 

and Technology (FCCSET), outlining the High Performance Computing 

& Communications (HPCC) program: “A grand challenge is a fundamental 

problem in science or engineering, with broad applications, whose solution 

would be enabled by the application of the high performance computing re-

sources that could become available in the near future” (OSTP 1987: 3). The 

defi nition illustrates that the new term is employed to mediate between basic 

and applied research, if not to revisit their distinction, and to clarify what is 

meant by basic/fundamental (problems of great concern) and by application 

(the promise of broad usability). Evidently, problems and solutions are con-

ceived here in technical terms—that is, the idea of grand challenges is still 

close to what in the former terminology could have been labeled, for exam-

ple, as application-oriented basic research. Following this stance, institutions 

such as the National Research Council (NRC 1988a, b, 1995), and star sci-

entists (Reddy 1988; Wilson 1988, 1989) used the grand challenges concept 

to articulate their research agendas in the fi elds of computational sciences 

and artifi cial intelligence. Strikingly, throughout the 1990s, the concept was 

nearly exclusively used in these computing-related communities.19 

After the millennium, however, defi nitions became broader. The NRC 

introduced the concept in new disciplinary contexts, such as environmental 

sciences (NRC 2001a), physics (NRC 2001b), earthquake engineering (NRC 

2004), and biology (NRC 2009). The following statement, for example, shows 

more fl exibility in regard to what kind of disciplinary knowledge is necessary 

to tackle grand challenges, which are now circumscribed as “major scientifi c 

tasks that are compelling for both intellectual and practical reasons, that of-

fer potential for major breakthroughs on the basis of recent developments in 

science and technology, and that are feasible given current capabilities and a 

serious infusion of resources” (NRC 2001a: 2). By being translated into ever 

more diff erent contexts, the notion of grand challenges became increasingly 

associated not only with technical but also with societal problems. This is no 

surprise, as one important aspect of the grand challenges discourse is its ap-
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peal to a broader public beyond academia. As early as in the 1980s, the fi rst 

protagonists claimed that grand challenges “capture the imagination of the 

public” (Reddy 1988: 17). Scientists, policy makers, and other stakeholders 

in the United States (e.g., NRC 2001b: 147; Kalil 2012) and in Europe (e.g., 

European Commission 2008: 8; Royal Society 2011: 76) have reiterated these 

arguments ever since. The appeal to a broader public is particularly visible in 

the Grand Challenges in Global Health initiative, announced by Bill Gates in 

2003 (Varmus et al. 2003; Varmus 2009).20

In 2009, quite simultaneously with the developments in Europe sketched 

above, the concept became a key element in the Obama administration’s Strat-

egy for American Innovation, which proposed to “harness science and tech-

nology to address the ‘grand challenges’ of the 21st century” (White House 

2009: 22).21 In 2012, the Offi  ce of Science and Technology Policy (OSTP) 

convened a conference on Grand Challenges (Dorgelo and Kalil 2012), and 

until the end of the Obama administration in January 2017, the OSTP dis-

played on its website a defi nition and a set of “grand challenges” that were 

funded by diverse U.S. government institutions, such as the National In-

stitutes of Health (NIH), the Defense Advanced Research Projects Agency 

(DARPA), the National Science Foundation (NSF), the Department of Edu-

cation (DOE), the National Aeronautics and Space Administration (NASA), 

and the U.S. Agency for International Development (USAID).22 Those fund-

ing programs aimed at transforming the identity work of scientists and engi-

neers, particularly in regard to collaborative research: the White House asked 

for “all hands on deck.” The rhetoric employed here is an example for how 

the grand challenges discourse highlights the necessity of multilateral coop-

eration and collaboration (Keenan et al. 2012; Kallerud et al. 2013; Hoareau 

McGrath et al. 2014)—in this respect, the discourse moved clearly beyond 

older notions of applied research.

Discussing the increasingly prominent role of the grand challenges dis-

course in U.S. science policy, Diana Hicks (2016: 37) suggests that the new 

concept may be “a new way of seeing research.” At the same time, Hicks 

stresses that the modernist basic/applied schema always lurks in the back-

ground. As a consequence, many actors “see the new language as another way 

of talking about applied research.” Following Hicks, this is particularly the 

case when “grand challenges” are reworded as “societal challenges,” which 

can then be juxtaposed with “scientifi c challenges” (Hicks 2016: 38). Indeed, 

the idea that science can and should be harnessed to address societal goals 

and problems does not seem new at fi rst glance. As early as in the nineteenth 

century, the concept of “applied science” was associated not only with tech-

nological developments, but also with more general ideas of societal progress 

(see chapter 1). Furthermore, critical debates in the 1960s and 1970s have 
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resulted in ever newer categories pertaining to knowledge production, such as 

“mission-oriented research” and “strategic research” (see chapters 2 and 3), 

as well as in the ideals of “interdisciplinarity” and, later, “transdisciplinarity.” 

A common denominator of these new categories was the alignment of science 

toward real world problems, not defi ned by disciplinary developments but by 

societal demands.

Against this background, several science policy scholars have consid-

ered the grand challenges discourse as a reformulation of mission-oriented 

R&D programs (Gassler, Polt, and Rammer 2008; Cagnin, Amanatidou, and 

Keenan 2012; Foray, Mowery, and Nelson 2012; Mowery 2012; Amanati-

dou et al. 2014). In contrast, Hicks (2016) and some other observers avoid 

equating the grand challenges concept with traditional research categories 

and instead investigate whether and in what sense grand challenges are more 

than “old wine in new bottles” (Kallerud et al. 2013: 2; Calvert 2013: 475; 

Ulnicane 2016; Kaldewey 2017). This perspective is important because if we 

subsume the new discourse under an established concept, we miss the chance 

to elicit whether and how the new semantics transform the very categories we 

used before.

What, then, distinguishes the grand challenges concept from older cat-

egories of applied research and from those concepts that mediated between 

basic and applied research, as, for example, Stokes’s (1997) notion of “use-

inspired basic research”? The main diff erence is that grand challenges are no 

research category in the narrow sense, but rather represent a discourse about 

the role and future mission of the scientifi c community. In most defi nitions, 

grand challenges are conceptualized as long-term and large-scale research 

goals, determined by heterogeneous societal stakeholders. Thus, they enable 

actors to construct alternative objectives of science and science policy vis-

à-vis the twentieth-century ideal of “technological innovation.” Many ob-

servers therefore associate the grand challenges idea with new conceptions of 

innovation, such as “social innovation,” “green innovation,” or “responsible 

innovation.”23 Ideally, this means a democratization of priority-setting that 

would make science more independent of economic interests.24 Furthermore, 

the idea that grand and global challenges have to be addressed by close coop-

eration between diff erent actors and beyond national borders is obviously re-

lated to the idea of a social contract between science and society25—yet quite 

a diff erent one, if compared to the contract idea we know from twentieth-cen-

tury science policy. Jane Calvert (2013: 475), for example, suggests that in-

troducing grand challenges indicates a “political renegotiation of the value of 

science.” If grand challenges are understood as “publicly stated priorities,” 

then they “could be seen as part of an attempt to establish a new contract for 

the public funding of science.”
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However, such analytical defi nitions of grand challenges do not explain 

the relevance of the discourse for present-day transformations of the identity 

work in science and science policy. To assess whether the grand challenges 

concept really is able to replace the “tired categories” (Hicks 2016: 39) of 

twentieth-century science policy, one has to take a closer look at the history 

and performativity of the concept, its tacit presuppositions, and the deep 

structure of the discourse in which it is embedded (Kaldewey 2017). His-

torical semantics teach us that language in general and contested concepts in 

particular are both “indicators” and “factors” of social and political change 

(Koselleck 2004: 251; see also Olsen 2012: 171). To understand whether and 

how the grand challenges discourse can actually be interpreted as a driving 

force in the history of science policy, it is necessary to trace its origin, its 

changing meaning, and how it has diff used and proliferated in various con-

texts within and beyond academia.

In plain English, both the noun “challenge” and the adjective “grand” 

convey a meaning that evolved independently of any scientifi c or science pol-

icy context. The term “challenge” has its origin in Middle English, where it 

was used in the sense of “accusation” (as a noun) or “to accuse” (as a verb). 

Being confronted with a challenge implied a demand to stand up against an 

accusation. The most salient form of such a challenge was the duel as an ar-

ranged combat between two individuals, traditionally noblemen. Following 

etymological dictionaries, this accusatory connotation died out in the sev-

enteenth century. What remains today is the notion of someone participat-

ing “in a competitive situation or fi ght to decide who is superior in terms of 

ability or strength.”26 Since the nineteenth century, the term “challenge” has 

been particularly associated with the sphere of sports. In various disciplines, 

“challenge cups” have been institutionalized as specifi c forms of competi-

tion, and the event of a “world title challenge” evokes the older meaning of 

challenging an individual to a duel. There is also evidence that the phrase 

“grand challenge,” which has never been common in everyday speech, has 

its origin in sports. In 1839, the “Grand Challenge Cup,” a men’s eight-crew 

rowing competition, was initiated and institutionalized as the most presti-

gious event of the annual Henley Royal Regatta on the River Thames; with 

few exceptions, that competition has continued through to the present under 

the same name.

It is not until the 1980s that “grand challenges” disseminate beyond the 

sphere of sports and appear in those peculiar U.S. computational science and 

science policy contexts described above. Unsurprisingly, during the formative 

phase of the grand challenges discourse from the late 1980s to the early 2000s, 

several examples point to the coupling of science and technology develop-

ments with the logic of sports. A fi rst example for using sports-like challenges 
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in the sphere of science and technology is the annual international RoboCup 

competition, which took place for the fi rst time in 1997 in Nagoya, Japan. 

Some years before, the main fi gure behind the RoboCup, computer scien-

tist Hiroaki Kitano, had copublished a paper with scientists from the United 

States, Japan, and Germany, outlining “Grand Challenge AI Applications” 

and referring explicitly to the grand challenges defi nition of the American 

HPCC program (Kitano et al. 1993). Two years later, Kitano and his Japanese 

colleagues presented the idea of using a “Robot World Cup” as a new “stan-

dard problem” for AI and robotics research, from which “a lot of interesting 

research issues will arise” (Kitano et al. 1995: 1). In short, they considered it 

a “grand-challenge project” (Kitano et al. 1997: 73).

A second example brings us back to U.S. science policy contexts. In 2003, 

DARPA announced the plan of a “Grand Challenge for autonomous robotic 

ground vehicles,” intended to spur technological development for military 

applications.27 Teams of professionals and amateurs were invited to develop 

autonomous vehicles able to navigate an off -road course in the desert between 

Los Angeles and Las Vegas, with the winner being promised prize money of 

$1.0 million. While the inaugural challenge in March 2004, in which no team 

completed the course, was reported by Popular Science magazine as “DARPA’s 

debacle in the desert” (Hooper 2004),28 the agency itself was enthusiastic:

All across the nation, from garages to high schools, from universities to corpo-

rate laboratories, hundreds—perhaps thousands—of people worked on solving 

a problem important to the DoD. We had hoped that the Grand Challenge 

would excite many people, but it grew into something much, much bigger than 

anyone had imagined. The Congressionally authorized prize authority inspired 

many smart people who would not ordinarily work on a problem important 

to DoD, dedicating long days, nights and weekends toward fi nding a solution. 

(Tether 2005: 8)

Immediately after the event, DARPA’s director, Tony Tether, stated in a press 

release that “we learned a tremendous amount today about autonomous 

ground vehicle technology” and that even those vehicles that did not come 

very far “made it to the Challenge.”29 In other words, not only did Tether 

highlight the scientifi c relevance of the Challenge, but also its character as a 

sports-like event, which was held a value in itself, as in the Olympic Games, in 

which “the important thing is not winning but taking part.”30 Consequently, 

the DARPA Grand Challenge was repeated in October 2005, with the prize 

doubled to $2.0 million, and this time fi ve of twenty-three vehicles completed 

the course. The winning team was led by Sebastian Thrun, then the head of 

Stanford’s Artifi cial Intelligence Laboratory (SAIL) and later responsible for 

Google’s driverless-car program. The event, the team, and the winning car, 
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which was named Stanley, received media coverage (e.g., Davis 2006) and 

were successful in terms of scientifi c reputation. The Journal of Field Robotics 

published a highly cited paper with the title “Stanley: The Robot that Won 

the DARPA Grand Challenge” (Thrun et al. 2006).

The two examples indicate that the meaning enshrined in the grand chal-

lenges discourse tacitly introduces aspects of the logic of sports into the science 

system (Kaldewey 2017). This is particularly noteworthy when we compare 

the grand challenges discourse to more traditional conceptions of research (as 

shown in the other chapters of this volume): “pure science” had, at least in the 

U.S. context, a religious and moral connotation; “applied research” mostly 

refers to industry and business; and “problem-oriented research,” “interdis-

ciplinarity,” and “transdisciplinarity” have a decidedly political tone. All of 

these concepts translate the logic of specifi c societal spheres (religion, the 

economy, politics) to make sense of the practices and goals of scientifi c re-

search. The grand challenges discourse now discloses a new reference point 

for how we talk and think about science, technology, and their social embed-

dedness: the logic of sports and competition, leading to self-mobilization and, 

ultimately, to self-optimization of the participating scientists and engineers.

The structural potency of a concept—that is, its capacity to become a fac-

tor of historical change—depends on how successfully it is institutionalized 

both in discourses and social structures. For example, one reason for the suc-

cess of the concepts of basic and applied research was their embeddedness as 

categories in international R&D statistics (Godin 2005). As a result, they were 

the key to formulating science policies around the world until today. As for 

the grand challenges concept, it is probably too early to assess whether it will 

become stabilized as a “social fact” in a way comparable to the linear model of 

innovation (Godin 2006). There are, however, several indicators pointing to 

successful processes of institutionalization.

First, as discussed above, the grand challenges concept has become a 

key rationale for science policy in various contexts, most prominently in 

the United States and in Europe, but partly also in other cultural contexts, 

such as India or China (Hoareau McGrath et al. 2014). Second, the concept 

was picked up in a variety of contexts beyond science policy in the narrow 

sense. It has been included in the Organisation for Economic Co-operation 

and Development’s (OECD 2010, 2012) innovation strategies, infl uenced the 

practices of new philanthropic organizations (Brooks et al. 2009), and was 

taken up by private think tanks (e.g., Pamlin and Armstrong 2015). Third, 

the concept is increasingly translated into specifi c transdisciplinary curric-

ula at renowned universities. For example, in 2007, Princeton University es-

tablished a “Grand Challenges Program” focusing on issues of climate and 

energy, development, and health. A glossy pamphlet asks the reader to “imag-
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ine a world in which the brightest minds work together to solve humanity’s 

most pressing environmental problems, a transformative world that expands 

classroom learning beyond traditional academic and national boundaries.”31 

More radically, Michael Crow, president of Arizona State University, aimed 

to achieve a comprehensive reconceptualization of research and teaching, “to 

seek solutions to the grand challenges associated with sustainability,” the re-

sult of which would be the “New American University” (Crow 2010). Finally, 

and this is perhaps the most interesting point, the grand challenges discourse 

also impacts scientifi c communication and research practices. There is some 

evidence that normal scientifi c publications increasingly refer to grand chal-

lenges (as indicated, for example, in fi gure 9.5). Furthermore, prominent new 

journals are no longer organized around specifi c research fi elds or disciplines; 

instead, they focus on challenges such as climate change (e.g., Nature Climate 

Change, since October 2010) or energy security (e.g., Nature Energy, since 

January 2016). As publishing is crucial for every scientist, we may assume that 

a journal expecting its authors to address grand challenges in their research 

may signifi cantly infl uence their choice of problem and research trajectories.

Beyond the Dichotomy: From Boundary Work to Identity Work

Science policy discourses in Europe and elsewhere have seen the arrival and 

adoption of new concepts that leave behind the twentieth-century basic/

applied distinction and challenge the linear model of innovation, as well as 

the ideas of diff erentiation, orderliness, and contractual relations associated 

with it. The two concepts discussed in this chapter—frontier research and 

grand challenges—make visible diff erent trajectories and ideologies of sci-

ence policy and research planning in the twenty-fi rst century. At the same 

time, they are comparable in their character as “travelling concepts” (Bal 

2002),32 not so much in the sense of the original epistemological call for let-

ting “concepts” travel between disciplines for the sake of seizing common un-

derstandings (Bal 2002: 24) but in their traceable journey across time, regions, 

and diff erent social contexts (Hyvärinen 2013: 17)—most noteworthy from 

the United States to Europe, and from popularized to professional contexts 

of science policy expertise.

The “frontier” was made prominent in North America as a metaphor 

conveying liberalist ideas—that is, portraying bold individuals who were un-

leashed from Europeanist intellectualism and national political regulation 

to venture out into the unknown and to ultimately bring about prosperity 

for society. In defi ance of its initial intra-academic contestation—Turner’s 

hypothesis of an American exceptionalism triggered a Historikerstreit—the 

frontier became very popular among the public. For decades, U.S. presidents 
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and other prominent decision-makers used the concept to justify spending 

on risk-taking endeavors in the fi eld of science and technology. The appeal 

of this U.S. concept for EU science policymaking was not so much due to an 

allusion to the glorious achievements of U.S. science and its allegedly stupen-

dous funding, but to circumnavigate the distinction between basic and applied 

research and thus be able to establish a European Research Council. Before, 

European research policy had been more strictly diff erentiated between na-

tional, transnational, and supranational policies, with the latter being restricted 

to fi nancing near-market R&D activities. Frontier research, again, was a rhe-

torical substitute for basic research, but more than this: the ERC’s mission is 

to stimulate scientifi c individualism and a risk-oriented attitude as opposed to 

the hitherto integrative—that is, collaborative—research. Thereby, the EU’s 

geostrategy, in which the ERC is embedded, is to battle the alleged preemi-

nence of the U.S. knowledge-based economy. Borrowing a science policy con-

cept from another country to fuel its underlying rivalry is not actually ironic, 

but refl ects the ambivalent position of EU political actors toward the United 

States, with the latter being a rival as well as a role model (Majone 2006).

In a similar vein, the grand challenges narrative traveled a long journey 

from its origin in the sphere of sport in the nineteenth century, to the prob-

lems of U.S. federal funding of computer sciences in the 1980s, to grand chal-

lenge competitions in artifi cial intelligence and engineering that addressed a 

broader public, before fi nally being standardized as a new rationale for science 

policy around the globe. While “grand challenges” thus journeyed back and 

forth with regard to the national und supranational political contexts of the 

United States and Europe, they are at the same time conceived as “global 

challenges,” referring to pressing issues that lie beyond political borders. 

They call not for national policies, but for the global community and various 

stakeholders from politics, science, and the economy to take action. More-

over, similar to the properties of the frontier, the concept of grand challenges 

instantaneously intertwines failure and success in the face of an immediate 

or foreseeable struggle; it is not by accident that its semantics are related to 

and rooted in sports challenges. Recalling the notion of a social contract, the 

concept off ers the bridging of a gap between science and society by embrac-

ing potentially all actors, public and private (sometimes philanthropic) ones, 

to invest great eff orts and to coordinate with each other in solving a concrete 

problem.

What the two concepts avoid are the kind of dichotomies we know from 

former science policy discourses that built, not least, on the basic/applied 

distinction. Particularly if seen from the perspective of science policy, these 

new concepts are not supposed to be negated: funding agencies do usually 

not support scientists working on problems that are interpreted as petty. 
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In a similar vein, science policy is increasingly oriented at ultimate solutions, 

innovations, and impact for society. Hence, there can neither be “small chal-

lenges” nor alternatives to the frontier, which is by defi nition “endless.” As 

a consequence, however, these new concepts are all-encompassing and sticky 

because they have no clear ambit.

This is, after all, how the new science policy discourses axiomatically di-

verge from older descriptions pertaining to the linear model of innovation. 

Building on the basic/applied dichotomy, science policy in the twentieth 

century oscillated between strategies of boundary work and strategies of iden-

tity work: on the one hand, scientists and research organizations could de-

marcate their work as distinct and autonomous activities; on the other hand, 

they could also conceive of themselves as being part of a more comprehensive 

whole. They could creatively “cross the distinction” (Spencer Brown 1969), 

moving from one side to the other and assigning positive and negative values, 

depending on context-dependent necessities. In contrast, science policy in 

the twenty-fi rst century seems to opt out of these oscillations. From now on, 

boundary work is no longer politically correct. Instead, the identity work of 

scientists and research organizations is aligned toward those goals that are 

associated with the frontiers of knowledge and the grand challenges of world 

society. In contrast to confl ict-laden boundary disputes, the new narratives 

proclaim the existence of general values and goals toward which the whole 

research enterprise has to be oriented. The open question is whether it has 

become more diffi  cult in the twenty-fi rst century for the scientifi c community 

to step back—that is, to suspend solving the big problems of humanity in 

order to conduct “normal science.”
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In his book Wahrheit und Nützlichkeit (2013), he explored discourses on the 

goals and values of science in a long-durée perspective. Recent publications 

in Minerva (2017), Research Policy (2018, with Tim Flink), and Science and 

Public Policy (2017, with Désirée Schauz) deal with the changing relationship 

of science and politics, particularly with the contemporary pluralization of 

science policy discourses and how they transform the identity work of schol-

ars, scientists, and policy makers.

Notes

 1. The Web of Science core collection includes the Science Citation Index, the Social 

Science Citation Index, and the Arts & Humanities Citation Index.

 2. Quite similar to the linear model of innovation, it seems not to matter that eco-

nomic theories of public goods are contested (Coase 1974; Callon 1994; Nelson 

and Romer 1996; Bozeman 2000; Foray 2000). There is a mutually stabilizing 

correspondence between the linear model and public good theory in how they 

tell a story of functional diff erentiation: while the glory days of a caretaking wel-

fare state were not deemed over yet (Esping-Andersen 1990), neither were those 

whose enterprises had been doing basic research themselves, now that there was 

market competition that would hardly allow for these activities, while returns on 

R&D investments dwindled down. Against this background, the state was ap-

pealed to provide scientifi c knowledge as a public good (Scharpf 1999: 36), par-

ticularly via basic research, but also through applied research. Enterprises within 

a nation-state (or within other political realms, such as the European Union) 

could then take advantage of this public supply, especially in order to remain 

competitive on international markets. This “market-failure paradigm” (Bozeman 

2000) also extends to state regulations—for example, legal frameworks for tech-

nology transfer activities, patent law, standardizations, and public procurement.

 3. As regards the relationship of narrative and identity, see Somers 1994. This ap-

proach, however, is very much focused on individuals and groups. We propose to 

broaden the perspective and conceive of “identity work” in regard to epistemic 

communities, and, ultimately, in regard to science in general. To do so, we com-

bine methods from conceptual history and cognitive metaphorical analysis, as 

outlined in Flink and Kaldewey 2018 and Flink and Peter 2018. 

 4. After World War II, the United States had become an international role model 

for science policy. The concept of “basic research,” in particular, can be regarded 

as an extremely successful science policy export product (see the introduction to 

and chapter 3 of this volume). What we show in this chapter is that the infl uence 

of the United States regarding the global language of science policy goes far be-

yond this single concept.

 5. As regards these concepts, see Benoît Godin, “X-innovation: A Story of Approp-

riation and Contestation” (unpublished manuscript). For an analysis of “respon-

sible research and innovation” (RRI) see Flink and Kaldewey 2018.

This open access library edition is supported by the University of Bonn. Not for resale.



274 Tim Flink and David Kaldewey

 6. Though rarely documented (e.g., Nature News 1968; King 1968), there were var-

ious plans or de facto realizations of what could count as today’s ERC—e.g., the 

Royal Society’s European Scientifi c Exchange Program, plans to establish a Eu-

ropean Medical Research Council, the Cooperation for Science and Technology 

(COST, founded in 1971), a European Scientifi c Research Council (planned in 

1972), and the creation of the actual European Science Foundation (ESF) in 1974.

 7. The Royal Society fi rst assailed the Commission (Nature Editorial 1995), fol-

lowed by molecular biologists, about the prestigious European Molecular Biol-

ogy Organization (EMBO) (Abbott 1995; Gannon 2000, 2001, 2002; Breithaupt 

2003), with the latter teaming up with the Federation of European Biochemistry 

(FEBS) to streamline and widen their eff orts of what would become the Initia-

tive for Science in Europe. Other national and transnational R&D actors joined 

the cause of this epistemic community more or less overtly. This movement was 

reinforced by prestigious scientifi c journals, such as Nature and Science (Flink 

2016). The ERC became a salient issue for EU research policy and, at the latest 

stage of agenda setting, it lobbied for prominent conferences organized under the 

auspices of the Swedish, Danish, and Irish EU presidencies from 2001 to 2004. 

 8. There are Frontier cafés and cinemas, Frontier Airlines headquartered in Denver, 

and various other business enterprises carrying the name, such as the primary 

Frontier School of Innovation in Kansas City, as well as the Energy Frontier 

Research Centers, established by the Offi  ce of Basic Energy Sciences in the U.S. 

Department of Energy’s Offi  ce of Science, to provide just a few examples.

 9. Turner—until his presentation a nobody among historians—became immedi-

ately famous due to his presentation in Chicago, as the Historical Association 

convened openly during the World’s Columbian Exposition, and its speeches, 

especially those celebrating U.S. achievements since 1492, attracted large extra-

mural audiences. 

10. While Turner could not present any clear defi nition of the frontier whatsoever, 

his thinking and metaphorical writings borrowed greatly from evolutionary hu-

man geography and biology. It conjectured that people entering the American 

society would turn into “new men.” These were called “germs” that become part 

of a “social organism,” thriving and prospering even and especially in the face of 

adverse conditions (Coleman 1966: 24–26).

11. Again, Turner distinguished his ideal brave and experimental scientists from the 

image of a traditional and conservative scholar restrained by deep contemplation.

12. Hoover took up Turner’s idea of a frontier of science in his book American Indi-

vidualism, which he wrote in 1922 as secretary of commerce. In Herbert Hoover’s 

presidency (1929–1933), the Great Depression gave him an incredibly hard time, 

and he still adhered to the same metaphor in trying to deliver messages of hope 

for a suff ering society (Hart 2010).

13. Notably, most science policy-related references to this report circumvent dis-

cussing the concept of the frontier, while focusing on its relevance pertaining to 

the linear model of innovation, whereby basic research is usually emphasized. 

This lack of scholarly attention is criticized by Ceccarelli (2013: 43–45). 
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14. “Mission.” About ERC. European Research Council website. European Commis-

sion. Retrieved 27 May 2016 from https://erc.europa.eu/about-erc/mission.

15. “Frontier Research.” Glossary. European Research Council website. European 

Commission. Retrieved 27 May 2016 from https://erc.europa.eu/glossary/

term/267.

16. According to Servan-Schreiber, Europe was outclassed by the United States in 

management and technology development and suff ered from heavy brain-drain 

of top-talented workforce.

17. This alleged newness should not hide the fact that the political predefi nition of 

thematic priorities concerning the tackling of societal issues has been a strong 

rationale as of the Third Framework Programme, most notably with respect to 

health, energy, and environment (Kuhlmann and Reger 1995; Abels 2003). How-

ever, the Framework Programmes have been set up primarily to boost the tech-

nology and innovative capacities of business enterprises, and, therefore, societal 

issues were hitherto subordinated.

18. From the estimated total budget of 77 billion euros, 29.7 billion euros—that 

is, on average, 4.2 billion euros per year—have been dedicated to this new ra-

tionale (European Commission 2013). The distribution of the money explains 

something about real priorities: (1.) “Health, demographic change and wellbe-

ing”—7.4 billion euros; (2.) “Food security, sustainable agriculture and forestry, 

marine, maritime and inland water research and the Bioeconomy”—3.9 billion 

euros; (3.) “Secure, clean and effi  cient energy”—5.9 billion euros; (4.) “Smart, 

green and integrated transport”—6.3 billion euros; (5.) “Climate action, envi-

ronment resource effi  ciency and raw materials”—3.1 billion euros; (6.) “Europe 

in a changing world—Inclusive, innovative and refl ective societies”—1.3 billion 

euros; (7.) “Secure societies—Protecting freedom and security of Europe and its 

citizens”—1.7 billion euros. 

19. There are, however, some early references to grand challenges in the fi eld of en-

vironmental research (Brown 1994), in ocean and polar sciences (Hempel 1996; 

Prandle 1997), in geophysical research (Lyons 1998; Raeder et al. 1998), and in 

regard to educational problems (Ehrmann 1999).

20. Notably, Nobel Prize winner Harold Varmus, who chaired the international board 

of scientists that was responsible for the program, himself became world famous 

for his earnest attempts to make research, especially in medicine, accessible for 

scientists and practitioners of developing countries, which, among other initia-

tives, led to the creation of the Public Library of Science (PLoS) and boosted the 

open access movement. 

21. In the following years, two updated versions of this report were published (White 

House 2011, 2015). During that time, the strategy evolved from simple to-do lists 

to a new and ambitious policy tool (Hicks 2016: 31–34). 

22. See “21st Century Grand Challenges” on the archived Offi  ce of Science and 

Technology Policy website, retrieved 27 July 2017 from https://obamawhite

house.archives.gov/administration/eop/ostp/grand-challenges.

23. The “Responsible Research and Innovation” framework of the European Com-
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mission, for example, is intimately connected to the goal of tackling societal 

challenges. See, for example, the leafl et entitled “Responsible Research and In-

novation: Europe’s ability to respond to societal challenges,” retrieved 3 August 

2017 from https://ec.europa.eu/research/swafs/pdf/pub_public_engagement/

responsible-research-and-innovation-leafl et_en.pdf. 

24. Several authors formulated this hope, however, at the same time they criticized 

the idea of grand challenges for remaining stuck within the logic of capitalism or 

neoliberalism (Brooks et al. 2009; Vostal, Silvaggi, and Vasilaki 2011; Cech 2012; 

Calvert 2013).

25. An example for a close coupling between the reference to grand challenges and 

the idea of a new contract is the 2011 report from the German Advisory Council 

on Global Change (WBGU 2011).

26. “Challenge.” Oxford Dictionary of English, current online version, retrieved 27 

July 2017 from https://en.oxforddictionaries.com/defi nition/challenge.

27. “DARPA Plans Grand Challenge for Robotic Ground Vehicles,” press release, 2 

January 2003, retrieved 15 June 2016 from http://archive.darpa.mil/grandchal

lenge04/media/announcement.pdf; “DARPA Outlines Plans for Grand Chal-

lenge at Competitors’ Conference,” press release, 22 February 2003, retrieved 

15 June 2016 from http://archive.darpa.mil/grandchallenge04/media/comp_

conf_rel.pdf.

28. The playing fi eld was set with 142 miles and a time limit of ten hours. None of 

the fi fteen vehicles actually making it over the scratch line reached the goal, and 

the four most successful teams only managed fi ve to seven miles before their 

vehicles dropped out.

29. “American Innovators Take Robotic Technology into the Field during Saturday’s 

Inaugural DARPA Grand Challenge,” press release, 13 March 2004, retrieved 15 

June 2016 from http://archive.darpa.mil/grandchallenge04/media/innovators

.pdf.

30. This famous phrase was part of a speech given in London in 1908 by Pierre de 

Coubertin, founder of the International Olympic Committee. 

31. “Grand Challenges Program,” Princeton University website, retrieved 19 Au-

gust 2015 from http://www.princeton.edu/grandchallenges/about/progress-

report/gc_pamphlet.pdf.

32. The term “traveling” is metaphorical by itself and certainly does not suggest that 

concepts desert their semantic provenance. The concept might be still meaning-

ful within the social world it arose from, while it now also appears somewhere far 

away from its very origination to convey cognate ideas.

 References

Abbott, Alison. 1995. “EMBO Seeks Stronger Voice on Policy.” Nature 377: 666.

Abels, Gabriele. 2003. “The European Research Area and the Social Contextualization 

of Technological Innovations: The Case of Biotechnology.” In Changing Governance 

This open access library edition is supported by the University of Bonn. Not for resale.



 After Basic and Applied Research 277

of Research and Technology Policy: The European Research Area, edited by Maria Beh-

rens, Jakob Edler, and Stefan Kuhlmann, 314–337. Cheltenham: Edward Elgar.

Amanatidou, Effi  e, Paul Cunningham, Abdullah Gök, and Ioanna Garefi . 2014. 

“Using Evaluation Research as a Means for Policy Analysis in a ‘New’ Mission-

Oriented Policy Context.” Minerva 52 (4): 419–438.

Bal, Mieke. 2002. Travelling Concepts in the Humanities: A Rough Guide. Toronto: Uni-

versity of Toronto Press.

Balconi, Margherita, Stefano Brusoni, and Luigi Orsenigo. 2010. “In Defence of the 

Linear Model: An Essay.” Research Policy 39 (1): 1–13.

Banchoff , Thomas. 2002. “Institutions, Inertia and European Union Research Pol-

icy.” Journal of Common Market Studies 40 (1): 1–21.

Bozeman, Barry. 2000. “Technology Transfer and Public Policy: A Review of Re-

search and Theory.” Research Policy 29 (4-5): 627–655.

Breithaupt, Holger. 2003. “Evolution in Action: Slowly, and with Pressure from the 

Scientifi c Community, the Structure and Mission of a European Research Council 

Begins to Develop.” EMBO Reports 4 (4): 336–338.

Brooks, Sally, Melissa Leach, Henry Lukas, and Erik Millstone. 2009. “Silver Bullets, 

Grand Challenges and the New Philanthropy.” STEPS Working Paper 24. Brigh-

ton: STEPS Centre.

Brown, James H. 1994. “Grand Challenges in Scaling Up Environmental Research.” 

In Environmental Information Management and Analysis: Ecosystem to Global Scales, 

edited by William K. Michener, James W. Brunt, and Susan G. Staff ord, 21–26. 

London: Taylor & Francis.

Bush, Vannevar. 1945. Science: The Endless Frontier. A Report to the President. Wash-

ington, DC: United States Government Printing Offi  ce.

Cagnin, Cristiano, Effi  e Amanatidou, and Michael Keenan. 2012. “Orienting Euro-

pean Innovation Systems towards Grand Challenges and the Roles that FTA Can 

Play.” Science and Public Policy 39 (2): 140–152.

Callon, Michel. 1994. “Is Science a Public Good?” Fifth Mullins Lecture, Virginia 

Polytechnic Institute, 23 March 1993. Science, Technology, & Human Values 19 

(4): 395–424.

Calvert, Jane. 2006. “What’s Special about Basic Research?” Science, Technology, & 

Human Values 31 (2): 199–220.

———. 2013. “Systems Biology, Big Science and Grand Challenges.” BioSocieties 8 

(4): 466–479.

Carter, Jimmy. 1979. “The State of the Union Annual Message to the Congress,” 

25 January 1979. Online at The American Presidency Project, curated by Gerhard 

Peters and John T. Woolley. Retrieved 27 May 2016 from http://www.presidency

.ucsb.edu/ws/?pid=32735.

Ceccarelli, Leah. 2013. On the Frontier of Science: An American Rhetoric of Exploration 

and Exploitation. East Lansing: Michigan State University Press.

Cech, Erin. 2012. “Great Problems of Grand Challenges: Problematizing Engineer-

ing’s Understandings of Its Role in Society.” International Journal of Engineering, 

Social Justice, and Peace 1 (2): 85–94.

This open access library edition is supported by the University of Bonn. Not for resale.



278 Tim Flink and David Kaldewey

Chumtong, Jason, and David Kaldewey. 2017. Beyond the Google Ngram Viewer: Bib-

liographic Databases and Journal Archives as Tools for the Quantitative Analysis of 

Scientifi c and Meta-Scientifi c Concepts. FIW Working Paper No. 8, Bonn.

Coase, Ronald Harry. 1974. “The Lighthouse in Economics.” Journal of Law and 

Economics 17 (2): 357–376.

Coleman, William. 1966. “Science and Symbol in the Turner Frontier Hypothesis.” 

The American Historical Review 72 (1): 22–49.

Cronon, William. 1987. “Revisiting the Vanishing Frontier: The Legacy of Frederick 

Jackson Turner.” Western Historical Quarterly 18 (2): 157–176.

Crow, Michael M. 2010. “Organizing Teaching and Research to Address the Grand 

Challenges of Sustainable Development.” BioScience 60 (7): 488–489.

Darmon, Gerard. 1997. “European Science Foundation: Towards a History.” In His-

tory of European Scientifi c and Technological Cooperation, edited by John Krige, 

and Luca Guzzetti, 380–403. Luxembourg: Offi  ce for Offi  cial Publications of the 

European Communities.

Davis, Joshua. 2006. “Say Hallo to Stanley.” Wired. 1 January. Retrieved 30 Novem-

ber 2015 from http://www.wired.com/2006/01/stanley/.

Dorgelo, Cristin, and Tom Kalil. 2012. “21st Century Grand Challenges.” The 

White House: President Barack Obama. 9 April. Retrieved 27 July 2017 from 

https://obamawhitehouse.archives.gov/blog/2012/04/09/21st-century-grand-

challenges.

Edgerton, David. 2004. “‘The Linear Model’ Did Not Exist: Refl ections on the His-

tory and Historiography of Science and Research in Industry in the Twentieth 

Century.” In The Science-Industry Nexus: History, Policy, Implications, edited by 

Karl Grandin, Nina Wormbs, and Sven Widmalm, 31–57. Nobel Symposium 123. 

Sagamore Beach: Science History Publications.

Ehrmann, Stephen C. 1999. “Technology’s Grand Challenges.” Academe: Bulletin of 

the American Association of University Professors 85 (5): 42–46.

Esping-Andersen, Gøsta. 1990. The Three Worlds of Welfare Capitalism. Cambridge: 

Polity Press.

European Commission. 2004. “Europe and Basic Research.” Brussels, 14 January, 

COM(2004) 9 fi nal.

———. 2005. “Proposal for a Decision of the European Parliament and of the Coun-

cil concerning the Seventh Framework Programme of the European Community 

for Research, Technological Development and Demonstration Activities (2007 to 

2013).” Brussels, 6 April, COM(2005) 119 fi nal.

———. 2007. “The European Research Area: New Perspectives.” Green Paper, 4 

April. Text with EEA relevance, COM(2007)161, EUR 22840 EN. Luxembourg: 

Offi  ce for Offi  cial Publications of the European Communities.

———. 2008. “Challenging Europe’s Research: Rationales for the European Re-

search Area (ERA).” Report of the ERA Expert Group, EUR 23326 EN200. Lux-

embourg: Offi  ce for Offi  cial Publications of the European Communities.

———. 2011a. “Communication from the Commission to the European Parliament, 

the Council, the European Economic and Social Committee and the Committee 

This open access library edition is supported by the University of Bonn. Not for resale.



 After Basic and Applied Research 279

of the Regions. Horizon 2020—The Framework Programme for Research and In-

novation.” Brussels, 30 November, COM(2011) 808 fi nal.

———. 2011b. “Proposal for a Regulation of the European Parliament and of the 

Council establishing Horizon 2020—The Framework Programme for Research 

and Innovation (2014–2020).” Brussels, 30 November, COM(2011) 809 fi nal.

———. 2013. “Factsheet: Horizon 2020 budget.” 26 November. Retrieved 5 May 

2016 from http://ec.europa.eu/research/horizon2020/pdf/press/fact_sheet_

on_horizon2020_budget.pdf.

Fagerberg, Jan. 2005. “Innovation: A Guide to the Literature.” In The Oxford Hand-

book of Innovation, edited by Jan Fagerberg, David Mowery, and Richard R. Nel-

son, 1–26. New York: Oxford University Press.

Flink, Tim. 2016. Die Entstehung des Europäischen Forschungsrates: Marktimperative, 

Geostrategie, Frontier Research. Weilerswist: Velbrück Wissenschaft.

Flink, Tim, and David Kaldewey. 2018. “The New Production of Legitimacy: 

STI Policy Discourses beyond the Contract Metaphor.” Research Policy 47 (1): 

14–22.

Flink, Tim, and Tobias Peter. 2018. “Excellence and the Frontier as Travelling Con-

cepts in Science Policymaking.” Minerva (forthcoming).

Foray, Dominique. 2004. Economics of Knowledge. Cambridge, MA: MIT Press.

Foray, Dominique, David C. Mowery, and Richard R. Nelson. 2012. “Public R&D 

and Social Challenges: What Lessons from Mission R&D Programs?” Research 

Policy 41 (10): 1697–1702.

Freeman, Chris. 1996. “The Greening of Technology and Models of Innovation.” 

Technological Forecasting and Social Change 53 (1): 27–39.

Gannon, Frank. 2000. “Does Europe Exist?” EMBO Reports 1 (3): 197.

———. 2001. “New Framework Programme Goes More Bottom-Up? First Details 

of the Sixth Framework Programme: Towards Networks of Excellence.” EMBO 

Reports 2 (5): 363–364.

———. 2002. “An NIH/NSF for Europe?” EMBO Reports 3 (6): 497.

Garrett, Geoff rey. 1992. “International Cooperation and Institutional Choice: The 

European Community’s Internal Market.” International Organization 46 (2): 

533–560.

Gassler, Helmut, Wolfgang Polt, and Christian Rammer. 2008. “Priority Setting in 

Technology Policy: Historical Development and Recent Trends.” In Innovation 

Policy in Europe: Measurement and Strategy, edited by Claire Nauwelaers and René 

Wintjes, 203–224. Cheltenham: Edward Elgar.

Gibbons, Michael. 1999. “Science’s New Social Contract with Society.” Nature 402: 

C81–C84.

Godin, Benoît. 2005. Measurement and Statistics on Science and Technology: 1920 to 

the Present. London: Routledge.

———. 2006. “The Linear Model of Innovation: The Historical Construction of an 

Analytical Framework.” Science, Technology, & Human Values 31 (6): 639–667.

———. 2017. Models of Innovation: The History of an Idea. Cambridge, MA: MIT 

Press.

This open access library edition is supported by the University of Bonn. Not for resale.



280 Tim Flink and David Kaldewey

Guston, David H., and Kenneth Keniston, eds. 1994. The Fragile Contract: Univer-

sity Science and the Federal Government. Cambridge, MA: MIT Press.

Guzzetti, Lucca. 1995. A Brief History of European Union Research Policy. Luxem-

bourg: Offi  ce of European Communities Publications.

Harris, William C., Ben Martin, Andrea Bonaccorsi, Mogens Flensted-Jensen, Sabine 

Herlitschka, Jerzy M. Langer, Neuvo Yrjö, Lajos Nyiri, Anne Cambon-Thomsen, 

George Grammatikakis, Stefan Kuhlmann, Claire Nauwelaers, Mats Nordlund, 

and Paula Stephan.  2005. “Frontier Research: The European Challenge.” High-

Level Expert Group Report to the European Commission, February 2005. Brus-

sels: European Commission.

Hart, David M. 2010. Forged Consensus: Science, Technology, and Economic Policy in 

the United States, 1921–1953. Princeton: Princeton University Press.

Hempel, Gotthilf, ed. 1996. The Ocean and the Poles: Grand Challenges for European 

Cooperation. Jena: G. Fischer.

Hicks, Diana. 2016. “Grand Challenges in U.S. Science Policy Attempt Policy Inno-

vation.” International Journal of Foresight and Innovation Policy 11 (1/2/3): 22–42.

Hoareau McGrath, Cecile, Veronika Horvath, Ben Baruch, Salil Gunashekar, Hui 

Lu, Shelly Culbertson, Paulina Pankowska, and Joanna Chataway. 2014. “The In-

ternational Dimension of Research and Innovation Cooperation Addressing the 

Grand Challenges in the Global Context.” Final Policy Brief. RAND Europe. 

Retrieved 27 May 2016 from https://ec.europa.eu/research/innovation-union/

pdf/expert-groups/eriab_final_policy_brief_international_R&I_cooperation

.pdf.

Hooper, Joseph. 2004. “From DARPA Grand Challenge 2004: DARPA’s Debacle in the 

Desert.” Popular Science, 3 June. Retrieved 5 May 2016 from http://www.popsci

.com/scitech/article/2004-06/darpa-grand-challenge-2004darpas-debacle-des

ert.

Hoover, Herbert. 1922. American Individualism. Garden City, NY: Doubleday, Page 

and Company.

Hyvärinen, Matti. 2013. “Travelling Metaphors, Transforming Concepts.” In The 

Travelling Concepts of Narrative, edited by Mari Hatavara, Lars-Christer Hydén, 

and Matti Hyvärinen, 13–42. Amsterdam: John Benjamins Publishing Company.

Kaldewey, David. 2013. Wahrheit und Nützlichkeit: Selbstbeschreibungen der Wissen-

schaft zwischen Autonomie und gesellschaftlicher Relevanz. Bielefeld: transcript.

———. 2017. “The Grand Challenges Discourse: Transforming Identity Work in 

Science and Science Policy.” Minerva (online fi rst, 4 September 2017).

Kalil, Tom. 2012. “The Grand Challenges of the 21st Century.” Prepared remarks at 

the Information Technology and Innovation Foundation, 12 April 2012, Washing-

ton, DC. Retrieved 10 November 2017 from https://obamawhitehouse.archives

.gov/sites/default/fi les/microsites/ostp/grandchallenges-speech-04122012.pdf.

Kallerud, Egil, Effi  e Amanatidou, Paul Upham, Mika Nieminen, Antje Klitkou, Dor-

othy Sutherland Olsen, Maria Lima Toivanen, Juha Oksanen, and Lisa Scordato. 

2013. “Dimension of Research and Innovation Policies to Address Grand and 

Global Challenges.” NIFU Working Paper 13/2013. Oslo: NIFU.

This open access library edition is supported by the University of Bonn. Not for resale.



 After Basic and Applied Research 281

Keenan, Michael, Paul Cutler, John Marks, Richard Meylan, Carthage Smith, and 

Emilia Koivisto. 2012. “Orienting International Science Cooperation to Meet 

Global ‘Grand Challenges.’” Science and Public Policy 39 (2): 166–177.

Kennedy, John F. 1960. “The New Frontier.” Democratic National Convention 

Nomination Acceptance Address, delivered 15 July 1960, Memorial Coliseum, 

Los Angeles. Retrieved 27 May 2016 from http://www.americanrhetoric.com/

speeches/jfk1960dnc.htm.

King, A. 1968. “Closing the Technology Gap.” Nature 218: 815–818.

Kitano, Hiroaki, Minoru Asada, Yasuo Kuniyoshi, Itsuki Noda, and Eiichi Osawa. 

1995. “RoboCup: The Robot World Cup Initiative.” Retrieved 10 November 2017 

from http://citeseerx.ist.psu.edu/viewdoc/summary?doi=10.1.1.49.7511.

Kitano, Hiroaki, Minoru Asada, Yasuo Kuniyoshi, Itsuki Noda, Eiichi Osawa, and 

Hitoshi Matsubara. 1997. “RoboCup. A Challenge Problem for AI.” AI Magazine 

18 (1): 73–85.

Kitano, Hiroaki, Walther von Hahn, Lawrence Hunter, Ryuichi Oka, Benjamin W. 

Wah, and Toshio Yokoi. 1993. “Grand Challenge AI Applications.” In Proceedings 

of the Thirteenth International Joint Conference on Artifi cial Intelligence (IJCAI-93), 

1677–1683. Menlo Park: IJCAI.

Koselleck, Reinhart. 2004. Futures Past: On the Semantics of Historical Time. Trans-

lated and with an introduction by Keith Tribe. New York: Columbia University 

Press.

Kuhlmann, Stefan, and Guido Reger. 1995. European Technology Policy in Germany: 

The Impact of European Community Policies upon Science and Technology in Ger-

many. Heidelberg: Physica Verlag.

Lax, Gregor. 2015. Das “lineare Modell der Innovation” in Westdeutschland. Eine Ge-

schichte der Hierarchiebildung von Grundlagen- und Anwendungsforschung nach 1945. 

Baden-Baden: Nomos.

Lyons, L. R. 1998. “The Geospace Modeling Program Grand Challenge.” Journal of 

Geophysical Research 103 (A7): 14781–14785.

Majone, Giandomenico. 2006. “The Common Sense of European Integration.” Jour-

nal of European Public Policy 13 (5): 607–626.

Mirowski, Philip, and Esther-Mirjam Sent. 2008. “The Commercialization of Sci-

ence and the Response of STS.” In The Handbook of Science and Technology Stud-

ies, 3rd ed., edited by Edward J. Hackett, Olga Amsterdamska, Michael E. Lynch, 

and Judy Wajcman, 635–689. Cambridge, MA: MIT Press.

Mowery, David C. 2012. “Defense-Related R&D as a Model for ‘Grand Challenges’ 

Technology Policies.” Research Policy 41 (10): 1703–1715.

Mowery, David C., and Bhaven N. Sampat. 2001. “Patenting and Licensing Univer-

sity Inventions: Lessons from the History of the Research Corporation.” Indus-

trial and Corporate Change 10 (2): 317–355.

Mowery, David C., Richard R. Nelson, Bhaven N. Sampat, and Arvids A. Ziedonis. 

2004. Ivory Tower and Industrial Innovation: University-Industry Technology Trans-

fer before and after the Bayh-Dole Act. Stanford: Stanford University Press.

Nature Editorial. 1995. “A research council for Europe?” Nature 378: 321.

This open access library edition is supported by the University of Bonn. Not for resale.



282 Tim Flink and David Kaldewey

Nature Editorial. 1997. “Science and technology deserve better from Brussels.” Na-

ture 385: 661.

Nature News. 1968. “Discussions in Paris.” Nature 217: 993.

Nelson, Richard R., and Paul M. Romer. 1996. “Science, Economic Growth and Pub-

lic Policy.” Challenge 39 (2): 9–21.

NRC, National Research Council. 1988a. The National Challenge in Computer Science 

and Technology. Washington, DC: The National Academies Press.

———. 1988b. Toward a National Research Network. Washington, DC: The National 

Academies Press.

———. 1995. Evolving the High Performance Computing and Communications Initia-

tive to Support the Nation’s Information Infrastructure. Washington, DC: The Na-

tional Academies Press.

———. 2001a. Grand Challenges in Environmental Sciences. Washington, DC: The 

National Academies Press.

———. 2001b. Physics in a New Era. Washington, DC: The National Academies Press.

———. 2004. Preventing Earthquake Disasters: The Grand Challenge in Earthquake 

Engineering. A Research Agenda for the Network for Earthquake Engineering Sim-

ulation (NEES). Washington, DC: The National Academies Press.

———. 2009. A New Biology for the 21st Century. Washington, DC: The National 

Academies Press.

O’Donnell, Timothy Maurice. 2000. “Vannevar Bush, the Endless Frontier, and the 

Rhetoric of American Science Policy.” Dissertation manuscript, University of 

Pittsburgh.

OECD, Organisation for Economic Co-operation and Development. 2010. The 

OECD Innovation Strategy: Getting a Head Start on Tomorrow. Paris: OECD.

———. 2012. Meeting Global Challenges through Better Governance: International 

Co-operation in Science, Technology and Innovation. Paris: OECD.

Olsen, Niklas. 2012. History in the Plural: An Introduction to the Work of Reinhart 

Koselleck. New York: Berghahn.

OSTP, Offi  ce of Science and Technology Policy. 1987. A Research and Development 

Strategy for High Performance Computing. FCCSET Report, 20 November 1987. 

Washington, DC: Executive Offi  ce of the President.

Pamlin, Dennis, and Stuart Armstrong. 2015. Global Challenges. 12 Risks That 

Threaten Human Civilisation. Stockholm: Global Challenges Foundation. Re-

trieved 7 March 2015 from http://globalchallenges.org/wp-content/uploads/

12-Risks-with-infi nite-impact.pdf.

Peschke, Anke. 2001. “Transnationale Kooperation in der europäischen Forschungs- 

und Technologiepolitik. Die Rolle europäischer Wissenschaftsvereinigungen.” 

Dissertation manuscript, Technical University of Munich.

Peterson, John, and Margaret Sharp. 1998. Technology Policy in the European Union. 

Basingstoke: Macmillan.

Pielke, Roger Jr. 2012. “‘Basic Research’ as a Political Symbol.” Minerva 50 (3): 

339–361.

This open access library edition is supported by the University of Bonn. Not for resale.



 After Basic and Applied Research 283

Pielke, Roger Jr., and Radford Byerly. 1998. “Beyond Basic and Applied.” Physics 

Today 51 (2): 42–46.

Prandle, D. 1997. “Tidal Currents in Shelf Seas: Their Nature and Impacts.” Progress 

in Oceanography 40 (1–4): 245–261.

Raeder, J., J. Berchem, and M. Ashour-Abdalla. 1998. “The Geospace Environment 

Modeling Grand Challenge: Results from a Global Geospace Circulation Model.” 

Journal of Geophysical Research 103 (A7): 14787–14797.

Reddy, Raj. 1988. “Foundations and Grand Challenges of Artifi cial Intelligence (1988 

AAAI Presidential Address).” AI Magazine 9 (4): 9–21.

Rip, Arie. 2011. “Protected Spaces of Science: Their Emergence and Further Evolu-

tion in a Changing World.” In Science in the Context of Application: Methodological 

Change, Conceptual Transformation, Cultural Reorientation, edited by Martin Car-

rier and Alfred Nordmann, 197–220. Dordrecht: Springer.

Rosenberg, Nathan. 1991. “Critical Issues in Science Policy Research.” Science and 

Public Policy 18 (6): 335–346.

Royal Society. 2011. Knowledge, Networks and Nations: Global Scientifi c Collaboration 

in the 21st Century. RS Policy document 03/11, DES2096. London.

Rushing, Janice Hocker. 1986. “Mythic Evolution of ‘The New Frontier’ in Mass 

Mediated Rhetoric.” Studies in Mass Communication 3 (3): 265–296.

Sarewitz, Daniel. 1996. Frontiers of Illusion: Science, Technology, and the Politics of 

Progress. Philadelphia: Temple University Press.

Scharpf, Fritz Wilhelm. 1999. Regieren in Europa. Eff ektiv und demokratisch? Frank-

furt/Main: Campus.

Schauz, Désirée. 2014. “What is Basic Research? Insights from Historical Seman-

tics.” Minerva 52 (3): 273–328.

Schulz-Forberg, Hagen, and Bo Stråth. 2010. The Political History of European Inte-

gration: The Hypocrisy of Democracy-through-Market. London: Routledge.

Servan-Schreiber, Jean-Jacques. 1968. The American Challenge. London: Hamilton.

Shane, Scott. 2004. Academic Entrepreneurship: University Spinoff s and Wealth Cre-

ation. Cheltenham: Edward Elgar.

Somers, Margaret R. 1994. “The Narrative Constitution of Identity: A Relational 

and Network Approach.” Theory and Society 23 (5): 605–649.

Spencer Brown, George. 1969. Laws of Form. London: Allen & Unwin.

Stokes, Donald E. 1997. Pasteur’s Quadrant: Basic Science and Technological Innova-

tion. Washington, DC: Brookings Institution Press.

Swedish EU Presidency Conference. 2009. New World—New Solutions: Research and 

Innovation as a Basis for Developing Europe in a Global Context. Lund 7–8 July 

2009, Sweden. Final Report.

Tether, Tony. 2005. “Statement by Dr. Tony Tether, Director Defence Advanced Re-

search Projects Agency.” Submitted to the Subcommittee on Emerging Threats 

and Capabilities, Committee on Armed Services, United States Senate, 9 March 

2005. Retrieved 5 May 2016 from http://www.darpa.mil/attachments/Testimo

nyArchived(March%209%202005).pdf.

This open access library edition is supported by the University of Bonn. Not for resale.



284 Tim Flink and David Kaldewey

Thrun, Sebastian, Mike Montemerlo, Hendrik Dahlkamp, David Stavens, Andrei 

Aron, James Diebel, Philip Fong, John Gale, Morgan Halpenny, Gabriel Hoff -

mann, Kenny Lau, Celia Oakley, Mark Palatucci, Vaughan Pratt, and Pascal Stang. 

2006. “Stanley: The Robot that Won the DARPA Grand Challenge.” Journal of 

fi eld Robotics 23 (9): 661–692.

Turner, Frederick J. 1893. “The Signifi cance of the Frontier in American History.” 

In The Annual Report of the American Historical Association for the Year 1893, 199–

227. Washington, DC: American Historical Association.

———. 1920. The Frontier in American History. New York: Henry Holt.

Varmus, Harold. 2009. The Art and Politics of Science. New York: Norton.

Varmus, Harold, R. Klausner, E. Zerhouni, T. Acharya, A. S. Daar, and P. A. Singer. 

2003. “Public Health: Grand Challenges in Global Health.” Science 302: 398–399.

Vostal, Filip, Lorenzo Silvaggi and Rosa Vasilaki. 2011. “One-Dimensional Univer-

sity Realised: Capitalist Ethos and Ideological Shifts in Higher Education.” Gra-

duate Journal of Social Science 8 (1): 62–82.

WBGU, Wissenschaftlicher Beirat der Bundesregierung Globale Umweltverände-

rungen. 2011. Welt im Wandel. Gesellschaftsvertrag für eine Große Transformation. 

2nd ed. Berlin: WBGU.

Wengenroth, Ulrich. 2000. “Science, Technology, and Industry in the 19th Century.” 

Arbeitspapier/Working Paper. Munich: Münchner Zentrum für Wissenschafts- 

und Technikgeschichte.

White House. 2009. A Strategy for American Innovation: Driving towards Sustainable 

Growth and Quality Jobs. Washington, DC: Executive Offi  ce of the President, Na-

tional Economic Council, Offi  ce of Science and Technology Policy.

———. 2011. A Strategy for American Innovation: Securing Our Economic Growth 

and Prosperity. Washington, DC: Executive Offi  ce of the President, National Eco-

nomic Council, Council of Economic Advisors, and Offi  ce of Science and Tech-

nology Policy.

———. 2015. A Strategy for American Innovation. Washington, DC: Executive Offi  ce 

of the President, National Economic Council, and Offi  ce of Science and Technol-

ogy Policy.

Wilson, Kenneth G. 1988. “Grand Challenges to Computational Science.” AIP Con-

ference Proceedings 169: 158–168.

———. 1989. “Grand Challenges to Computational Science.” Future Generation 

Computer Systems 5 (2–3): 171–189.

This open access library edition is supported by the University of Bonn. Not for resale.




