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Abstract
Until the late 20th century, universities in the West generally gave primacy to basic science (here understood as aimed at understanding natural phenomena and their causes) over applied science (that is, using this knowledge for practical goals) and technologies, as has been examined by historian of physics Paul Forman. Forman noted a reversal of this primacy around 1980, which he viewed as a demarcation of postmodernism from modernism.
This article places the topic of the transition from basic to applied science in the context of the history of science and scientific institutions. It examines social, economic, ideological, and scientific factors behind the increasing commercialization of science at universities. It also sheds light on the development of various sciences before they could serve as a basis for technological applications, and emphasizes that the path from discovery to significant new applications has usually been long and convoluted, with many dead ends. The article examines how this shift towards applied science and technology at universities affected Merton's institutional norms as the ethos of modern science, and, finally, it analyzes the role of AI in this shift and the views of two AI systems on the causes.
Keywords: Decline of basic science; Michael Polanyi on science and technology; increase of university-industry relationships; convergence of capitalist and communist ideologies re applications of science; AI on basic and applied science

1. Introduction
"Science is not just a collection of laws, a catalogue of unrelated facts. It is a creation of the human mind, with its freely invented ideas and concepts. Physical theories try to form a picture of reality and to establish its connection with the wide world of sense impressions. Thus the only justification for our mental structures is whether and in what way our theories form such a link." (Einstein & Infeld, 1938, p. 310). In their book The Evolution of Physics (1938), Albert Einstein and Leopold Infeld do not mention technology even once.
A 1950 editorial in The New York Times stated, "There is nothing so impractical in science as the man who thinks only of profits when he endows research; there is nothing so practical as the theorist who gives not a thought to money" (cited in Forman, 2007).
These quotes come from a time when basic research at universities had priority over technology, and science and technology were separate things. Until the last two decades of the 20th century, universities in the West generally gave primacy to basic sciences over applied sciences to develop knowledge about nature that would lead to understanding the causes and mechanisms of natural phenomena. Basic science would also serve as a basis for application and developing technologies. This has been emphasized by historian of physics Paul Forman (2007): "That faith in science—in ‘pure’ science, ‘abstract’ science, ‘theoretical’ science, ‘basic’ science—in disinterested science—as the fons et origo [source and origin] of all major technological advancement, remained virtually unchallenged through the early 1960s." This primacy reversed in the 1980s and 1990s and has begun to change the self-conception of the university, as described, for example, by Henry Etzkowitz and Loet Leydesdorff (1997) who claim that the supply of knowledge for "technological innovation has become an academic task, changing the structure and function of the university." Examples are the dramatic increase of the rate of university patenting during the 1980s (Rosell and Agrawal, 2009) and the commercialization of biotechnology research (Argyres and Liebskind, 1998; see also section 2.3)
In its attempt to explore the causes of the shift of primacy from basic to applied science at universities and its consequences, this article examines on the one hand, social and economic factors. It examines the influence of various ideologies and argues that the current emphasis of researchers, companies, and politicians on the practical application of science is mainly due to capitalist or free-market ideologies, but also demonstrates their convergence with communist ones. On the other hand, the article looks at the historical development of science, highlighting, among other things, the long path from discovery to industrial application, and it discusses the consequences of the shift, in particular the change of ethical maxims in science. I begin with a brief discussion of earlier conceptions of science, applied science, and technology. 

2. Science, applied science, and technology at universities until the late 20th century 
2.1. The emergence of modern science as basic science as well as applied science 
	Modern science emerged through the work of several scientists and philosophers in the 17th and 18th centuries. The notion of scientific truth as empirical truth, not related to unchangeable scholastic first principles such as that of "substantial form," was first propagated by Francis Bacon (1620/1902). He founded a new conception of science, based on method, and he formalized the new scientific methodology in his major work Novum Organum (Bacon 1620/1902), where he focused in particular on systematic, inductive reasoning, observation, and experimentation. 
Bacon's empirical method puts observation and experiment at its center and has generally been called inductive, though, according to Ian Hacking (1983/2007, p. 247), Bacon "does not fit well into the simple dichotomies of inductivism and deductivism. He sought to explore nature, for good or ill." Despite his emphasis on empirical methods, Bacon made it clear that the scientific method has to be guided by reason (see, for example, Bacon 1620/1902, p. 33). Though practical applications of scientific results were important to him (e.g., ibid., p. 44), he warned: "Even when there are plenty of mechanical experiments, there’s a great scarcity of ones that do much to enlarge the mind’s stock of concepts. The experimental technician isn’t concerned with discovering the truth, and isn’t willing to raise his mind or stretch out his hand for anything that doesn’t bear on his practical project. There will be grounds for hope of scientific advances when and only when men assemble a good number of natural-history experiments that are in themselves of no practical use but simply serve to discover causes and axioms" (ibid., p. 34, emphasis added). Science in the Baconian vision combined both practical and theoretical knowledge, but, as Robert Proctor (1991, pp. 25-31) emphasized, "Baconian science preserved an interest in truth 'for its own sake,'" and cautioned against "'harvesting the fruits of knowledge before they are ripe,'" that is, "knowledge directed too forcefully towards utility." Bacon's epistemology strongly influenced the subsequent empirical sciences. 
2.2. The distinction between science and technology at academic institutions
A survey of the development of the various sciences after the 17th century would transgress the scope of this paper. But it is important to state that in Europe, since the 19th century, science and technology were clearly distinguished until the mid-20th century. They were taught in different kinds of institutions, namely universities and technical colleges or technical universities. The patent law, too, differentiates between scientific knowledge and technology by drawing a sharp distinction between discovery and invention, where in general only an invention can be granted protection by a patent, and not a discovery as such. Physical chemist-turned-philosopher of science Michael Polanyi (1958/1962, p. 188) attributed different kinds of originality to science and technology: "originality is appreciated in both, but in science, originality lies in the power of seeing more deeply than others into the nature of things, while in technology, it consists in the ingenuity of the artificer in turning known facts to a surprising advantage." He added that inventions can be rendered worthless by a radical change in the values of the ends produced by them, while the "validity of a scientific observation cannot be changed by the value of goods" (ibid., pp. 187-8).
Jack S. Cohen (2021) showed that although science in the USA lagged behind Germany, Great Britain and France at the beginning of the 20th century, the USA became the world's scientific leader from about 1950 onwards. According to him, "the first serious expansion in basic scientific research in the US occurred with the influx of European Jewish scientists fleeing Nazism in the 1930’s." Cohen also detailed how the U.S. government shifted from initially considering it inappropriate to use public funds for basic research to eventually supporting it as a vital national interest. 
The high value placed on basic research in Europe and the reasons for the subsequent reassessment and upgrading of applied science and technology are illustrated here using Germany as an example. In this country, universities since 1830 followed the idea of philosopher and government functionary Wilhelm von Humboldt of the unity of research and teaching, centering around the full professor and endowing pure science and the humanities with high prestige. Chemistry, and later physics thrived, and cell theory as well as microbiology evolved and were established as basic sciences in the 19th century, too.
Around 1900, German universities had become increasingly rigid in their opposition towards specialization and applications (Szoelloesi-Janze, 2005). For example, they forced Robert Koch, Paul Ehrlich, and Emil von Behring to conduct their research on infectious diseases and immunology in institutions outside academia. For this reason and others, such as an increasing specialization in many disciplines, applied research outside universities gained importance. Technical colleges were expanded and received university status by being granted the right to award doctoral degrees. Technology was "scientized" and new institutions for applied research, such as agricultural experiment stations, were founded. Engineers with a degree from a technical college, builders, and architects, understood their field not merely as a skill anymore but as applied science. Still, the institutional distinction between pure science, applied science, and technology has persisted in Germany to this day. However, the general trend towards more closely integrating science with innovation policy is also taking place in Germany. In 2025, the federal government decided to split research and education, previously under one ministry, into two ministries after the separation of science and education was already being practiced in many federal states. The new conception puts even greater pressure on science to be applied (Thiel, 2025).

2.3. The beginning of the relationship between science and industry in the 19th century and the long road from scientific discovery to industrial application
While in the early 19th century, the discovery of electromagnetism by Faraday led to the invention of the electric engine and resulted in the electromechanical industry, an early and far-reaching connection between science and technology was created in chemistry, without marginalizing basic research. Out of basic research, chemistry developed techniques that were also useful for industry. Just after the middle of the 19th century, the German chemist August Kekulé proposed a structural theory for representing the arrangements of atoms in the molecule of benzene and other aromatic molecules. Guided by this theory, organic chemists were now able to synthesize a large number of organic compounds. Structural formulas were used as architectural drawings for these compounds, and a successful synthesis counted as proof (or at least was the main means) that the structural formula or a very close approximation gave the correct representation of the molecule. Knowing the type of a chemical substance was thus equated with the ability to make it (Travis, 1993). Thus, the principle "only what I create I understand" that was later attributed to Richard Feynman, had been invented by chemists already decades earlier. Knowledge of the structures and synthesis of synthetic dyes led to a close relationship between academic chemistry and the synthetic dye industry in Germany, as the following example shows.
The first natural dye that was synthesized by chemists was the important red called alizarin, which was extracted from the root of the madder plant. Anthony Travis has shown how the two chemists Carl Graebe and Carl Liebermann drew up a partial structure, using the benzene ring, to understand the constitution of alizarin, and subsequent work enabled elucidation of the complete structure in the early 1870s. This was the first major application of the benzene ring theory in understanding the constitution and then the partial structure of a natural product of some complexity. The subsequent synthesis of alizarin from anthracene and the known molecular formula of alizarin based on analysis, together confirmed the partial structure of alizarin (Travis, 1993, pp. 166-177; 254). 
However, it is important to note that this early relationship of academic chemistry with industry did not change the primacy from basic to applied research in academic chemistry. The syntheses of chemical compounds, also in industry, were based on new discoveries in ongoing basic research, and in most cases, academic chemists continued to pursue basic research. Between 1900 and 1931, twelve German chemists, among them nine organic chemists, were awarded or shared a Nobel Prize but only in one case the Prize was bestowed not only for contributions to chemistry but also for those to industry. 
In all scientific disciplines, the path from discovery to application was usually long and convoluted, and there were many dead ends. Biotechnology is a good example. It took more than 100 years after the discovery of DNA as a new molecule in the cell nucleus, by Friedrich Miescher in 1869 (see, e.g., Dahn, 2008), for recombinant DNA technologies to be invented, which ushered in the rapid rise of biotechnology. While the basic chemistry of DNA was elucidated within a few decades, many discoveries and major conceptual changes had to take place in biology before the invention of this technology was possible: (i) Genes, originally considered abstract entities, had to be proven to be material particles connected to chromosomes. (ii)The concept of macromolecule had to replace that of colloids regarding biologically relevant molecules, such as DNA. (iii) DNA had to be demonstrated to be the material of the gene. (iv) The new linear concept of information had to be applied to that of genetic information in DNA. (v) Finally, the 3-dimensional structure of DNA and the nature of the genetic code had to be discovered. Only after these discoveries and conceptual changes could Paul Berg carry out his gene-splicing experiment in 1971, in which he spliced a bit of the DNA of lambda phage (a bacterial virus) into the DNA of SV40 (a virus found in humans and monkeys). This experiment gave rise to the invention of recombinant DNA technologies. Another example of the long-time span between discovery and application is Mendel's hypothesis of "heritable characters" from 1866. It significantly influenced plant breeding only some 50 years later. Similarly, the discovery of mRNA in the 1960s and the development of mRNA delivery into cells in the 1970s formed the basis for the development of the first mRNA vaccine for humans (against rabies) only in 2013.
2.4. The departure from the distinction between basic science and technology in the early USSR
According to Polanyi (1958/1962), the framework of pure science and technology as well as their respective institutions in most non-socialist countries persisted at least until the 1960s, and at first was not altogether abandoned in the Soviet Union either. Only after the rise of the neo-Marxist theory of science, which became the official doctrine in the USSR after 1930, also gaining widespread influence outside it, was this distinction violently challenged in principle. Polanyi explained: "At first [the neo Marxist theory] was limited to reinterpreting the history of science, showing that each step in its progress occurred in response to practical needs. To claim independent status for pure science was ridiculed as mere snobbery. Then, from the unmasking of science as being really technology, there followed the glorification of technology as being really science." (Ibid., p. 253) 
After a visit to the USSR in 1935, Polanyi remembered the revolutionary Soviet politician and Marxist theorist Nikolai Bukharin rejecting the idea of an independent status for pure science with the words: “Pure science, distinct from technology, can exist only in a class society” (Ibid.). Polanyi considered this to be part of a drive "for subordinating cultural values to a radically utilitarian conception of the public good," that is, a materialistic interpretation of culture that was "a disguised imperative: it both declares that culture really is, and decrees that it ought to be, the servant of welfare" (ibid., pp. 190-191). The official rejection of science pursued for its own sake under Stalin's protégé Trofim Lysenko resulted in the complete suppression of the science of genetics for decades, especially after 1948 (Borinskaya et al., 2019; Joravsky, 1970; Krementsov, 1997), though other sciences seem to have been much less ideologically affected. 
In conclusion, this section shows the historical relationship between basic science and technology since the emergence of modern science in the 17th century, and it highlights the long path from discovery to industrial applications. It also demonstrates that neo-Marxist theory in the early USSR contributed to abandoning the distinction between basic research and applied science, as well as the independent status of basic research in that country for many years.

3. Causes for the shift of primacy to applied science and technology in Western countries
3.1. The influence of socialist and Marxist doctrines in the West 
In Western European countries, the student revolts of the 1960s and 70s were largely guided by Marxist doctrines, adopting the Socialist demand that science pursue practical aims to serve the general good and address societal problems. Moreover, in the following decades, social movements in West-Germany, such as the ecology and feminist movements, were very critical of new developments in genetics, such as recombinant DNA research, and also nuclear research. In the United States, the organization "Science for the People" that emerged from anti-Vietnam War movements in the late 1960s, acted against what its members perceived as misuse of science. For example, they condemned what they perceived as the American Association of the Advancement of Science's support of the Vietnam War and capitalism, as well as the occurrence of sexism and racism. Some years later, this organization strongly advocated the view that scientific discoveries be used to advance social justice. These activities influenced public opinion and politicians. For this reasons, as observed by Paul Forman (2007), the "cultural revolt of the 1960s" with its demands for "relevance" led to the denigration of basic science in Western countries as well. 
Against this background of critical tendencies regarding research, and the emerging postmodernism (see below), the increasing influence of capitalistic principles at universities that followed in the 1980s, and in particular in the 1990s, had very strong effects on the devaluation of basic science, contributing greatly to the shift in primacy towards applied science and technology at universities. 
3.2. The increase of capitalistic tendencies at universities and among scientists
Capitalistic and individualistic tendencies were most instrumental in drastically accelerating the transition from pure to applied science and technology at universities from the 1990s - as stated earlier, applied sciences flourished before in separate institutions for applied science. The Swedish molecular biologist Charles Kurland observed a marked change in the attitudes of governments and politicians in Western Europe to the conduct of research after the collapse of the Soviet Union: 
[bookmark: _Hlk192343321]"Whether the demise of the USSR is the reason for this change in priorities is debatable, but the shift in attitudes emerged most perceptibly in the early 1990s. Science is now valued in political circles as a means for the accumulation of wealth, period! The ambition to understand our world is now considered a naive expression of 'mere curiosity'" (Kurland, 2000). According to him, "problems whose solution will provide applications and products ten or more years down the road are invisible to politicians and the bookkeepers of industry" (ibid.)  
In contrast to Kurland, James Watson attributed the transition from molecular biology to biotechnology to the active role played by scientists themselves. Watson was the co-discoverer (with Francis Crick) of the double helix structure of DNA. He perceived this transition as a shift from the old academic ethos of science to a new "mind-set": “Traditionally in academic biology, all that matters was precedence: who made the discovery first. […]. With the advent of biotechnology, all that changed. The 1980s would see changes in the relationship of science and commerce that were unimaginable a decade before. Biology was now a big-money game, and with the money came a whole new mind-set, and new complications” (Watson & Berry, 2003, p. 118). The questions scientists asked in the initial stages of biotechnology, for example, "should professors be permitted to enrich themselves on the basis of work done in their university's facilities? Would the commercialization of academic science create irreconcilable conflicts of interest?" (ibid.) did not prevent many prominent scientists and major American universities from expanding the technology and founding companies. They did so despite objections by the general public against some of these technologies, for example, those creating genetically modified organisms for the food industry. Discussions among other scientists about the dangers of a close connection between academic research and industry did not reach the public.
The expansion of technology and founding of companies is now actively encouraged by many universities, especially during a time when governments cut funding. An example is The Hebrew University, where a professor of computer science at the School of Computer Science and Engineering in 1999 developed some of Mobileye's technology in its laboratories. In 2017, a deal for the acquisition of Mobileye by Intel for $15.3 billion, the largest acquisition in Israel to date, was completed. According to Globe Israel Business News, the Yissum Technology Transfer Company of the Hebrew University was dissatisfied with its share of its arrangement with Mobileye and also sought a proportion of the professor's $1 billion gross proceeds from the sale of Mobileye to Intel (Levi-Weinrib, 2017). The University lost a substantial sum of money from not having taken sufficient care of its financial arrangements and contracts in relation to royalties, etc. 
Inventions and innovations with the participation of science-based companies are now sources of pride at many academic institutions. For example, plaques displayed on a wall at The Hebrew University give details of the applications of discoveries by its scientists, not the discoveries themselves as before (personal communication by Anthony Travis, April 2025). 
3.3. Postmodernism
In democracies, science and society influence each other mutually. Thus, the postmodernist philosophical-sociological discourses since the 1970s about the social construction of scientific knowledge and their blurring of the distinction between science, engineering, and technology, contributed to a devaluation of basic science in Western societies. Paul Forman (2007) regards the reversal of the "culturally ascribed primacy in the science–technology relationship" in the late 20th century as a "demarcator of postmodernity from modernity: modernity is when ‘science’ could, and often did, denote technology too; postmodernity is when science is subsumed under technology." This is illustrated by the introduction of the new term "technoscience" (see Hottois, 2018). In contrast to modernity, Forman held, where science, the scientific methods, and objectivity, were highly valued, in postmodernity the notions of a scientific method and objectivity were regarded as outdated, and technology regained the primacy it had before the advent of modern science. According to him, this conflation of science and technology can also be seen in the new conception of the discipline of "science studies" in the 1980s as the "scholarly study of the entity technology/science, without any difference or distinction between technology and science." It is reflected, for example, in the work of social scientist Bruno Latour, one of the leading figures of postmodernism.
Latour adopted the term "technoscience" in his widely acclaimed book "Science in Action" (1987), in which he proposed the fusion of science and technology, showing how they are jointly constructed in the laboratory. Latour brought together several aspects about technoscience that were used separately in science and technology studies (STS) before, into a comprehensive framework, such as the power of engineering workshops to change the world, and the tendency of technoscience to create new nature–culture hybrids, and therefore to blur the borders between nature and culture (see van den Belt, 2009). In "On Technical Mediation," he (1993) presents "the philosophical, sociological and mythical account of the links between humans and non-humans." His goal was to "escape the dualist paradigm separating humans and non-humans [machines]." To Latour, both, science and technology are engaged in an endless proliferation of new entities, and he made no distinction in principle between the entities that are constructed, such as, on the one hand, genes, black holes, and Robert Koch's discovery of the cholera bacillus, and on the other hand, plastics, transistors, and A. Chakrabarty's creation of a genetically engineered oil-consuming bacterium.
Postmodern feminism is another area of philosophy or cultural studies that has focused on technology. It questions traditional ideas about gender, identity, and power, while emphasizing the socially constructed and fluid nature of these concepts. A prominent representative, Donna Haraway, embraces the positive potential of technoscience and is critical of those who reject technology, for example, ecofeminists who focus on natural motherhood, the identification of women with nature, and natural life. She prefers to be a “cyborg”—a hybrid of organism and machine parts—rather than an ecofeminist “goddess” (Haraway, 1997, also cited in van den Belt, 2009). For Donna Haraway, science, especially technoscience, is not neutral or detached, it is not an objective view on reality, but "situated knowledge." She does not accept the ideas of an objective science. According to Jutta Weber (2013), Haraway blurs the distinction between "science" and "technoscience," emphasizing that science is deeply intertwined with and inseparable from technological artifacts, cultural practices, and politics. Weber holds that while Haraway "acknowledges that 'science vs. technoscience' can be an analytically sharp distinction (e.g., in analyzing research, funding, or applications), she does not treat them as separate domains. Rather, she focuses on how technoscience functions as a cultural practice that shapes modern life." For Haraway's major books on feminism and technology, see also Law and Singleton (2000).
This section concludes that the shift towards applied science at Western universities was driven both by individual scientists for their own benefit, and by universities and politicians, and ideological influences, particularly Marxism, neoliberalism, and postmodernism.

4. The impact of the shift towards applied science and technology on scientific norms
Institutional norms have guided the pursuit of modern science since its beginnings in the 17th century, when Francis Bacon, as stated above, replaced the then prevalent deductive Aristotelian dialectics in natural philosophy with inductive reasoning and an empirical methodology. Bacon also warned against "idols" of science, that is, intellectual fallacies of his time (Bacon, 1620/1902). Science was mostly pursued with the goal of generating reliable and reproducible knowledge, the validity of which was not dependent on a person's nationality, religion, or social background. Institutional norms have enabled science to generate knowledge that is superior and more reliable than that generated by any other human activity.
For reasons stated below, in 1942, the American sociologist Robert Merton precisely formulated scientific norms, widely propagating them as institutional imperatives and ethos of modern science (Merton, 1942):
· Universalism: the validity of a scientific report is independent of the personality, race, creed, and nationality of the authors,
· Communism or communality: theories and empirical results have to be passed along, that is, published,
· Disinterestedness: scientists should not pursue personal advantages through their work (career, financial benefits),
· Organized skepticism: all publications have to be critically checked, and every scientist alone is responsible for his/her claims.
As Stephen Turner (2007) has shown, Merton's norms were a response to the political debates about science in Britain and the US in the 1930s and 40s that were initiated in particular by scientists on the Communist Left in Britain. Of great importance for Merton were also the petitions in the US directed at the actions of the Nazi regime toward controlling science, especially the expulsion of Jewish scientists and the campaign against the "Jewish influence" in science that Johannes Stark, one of the founders of the German or "Aryan" physics movement in Germany, had made widely known through an article in Nature in 1938 (Stark, 1938). The debates in Britain in 1931 centered on a volume of articles, developed in the Soviet Union and supported by Nikolai Bukharin, in which the Soviet scholars applied the basic ideas of historical materialism, where historical events are mainly determined by the material conditions and the economic development of society, to the history of science. This volume, which was presented at an international congress of historians of science in London, included case studies which allegedly showed that science was "the product of the demands of the time for technological results, that the demands were specific to particular social formations and historical situations, and that 'theory' was ultimately driven by technological practice" (Turner, 2007). 
Most scientists (and also workers) in the United States did not have Communist leanings. They responded to this collection of papers by emphasizing the link between scientific freedom and democracy, and publishing manifestoes and resolutions in defense of science and democracy (ibid.). The most influential manifesto was that of Merton (1942). 
For reasons other than those in Marxist-propagated science, or in the racist and antisemitic science policy of Nazi Germany, Merton's principles are being called into question today by new maxims following the increasing industrialization of science and the influence of AI. For example, open science principles face obstacles by the commercialization of research and the pursuit of private knowledge. The principle of responsibility is challenged when research results can no longer be repeated or checked by individual researchers. 
According to Henk van den Belt (2009), the expression "technoscience" has been used by social scientists in regard to biotechnology "to mark the departure of this particular field from the norms and values once held to be essential to the ethos of science." In general, the commercialization of science shows that the received values and norms of science cannot easily be applied anymore and need crucial amendment, as made clear by George Gaskell (2001) for biotechnology: "The evident commercialisation and industrialisation of biotechnology, with the pursuit of private knowledge, patents and profits, hardly meet Merton’s criteria of universalism, communism, disinterestedness and scepticism, or the public’s expectations about the values, accountability, and social responsibility of science." It should be emphasized, however, that biotechnological research (and applied research in general) includes excellent (applied) science. 
The last few decades, which have seen a growing rise in applied science and technology, have not only significantly influenced traditional scientific norms. Based on evidence from various industries, products, and firms, Bloom et al. (2020) warn of a further consequence. They showed "that research effort is rising substantially while research productivity is declining sharply" and that, in general, "ideas, and the exponential growth they imply, are getting harder to find."
This section highlights that the growing emphasis on application and commercialization has challenged the ethical norms of science as proposed by Robert Merton in the 1940s; in particular, disinterestedness and communality. This highlights the need to develop a new ethical framework for increasingly applied and commercialized science.
For about two decades now, there has also been an increasing use of AI in science and the humanities. The next section shows that this increase has significantly accelerated the transition from basic research to applied science and technology. It also highlights fundamental differences between an AI approach to analyzing the causes of the transition and the historical approach presented in this paper.

5. AI on causes for the transition towards applied science and the impact of AI therein
 	The AI tools used here are LLMs (Large Language Models) that can recognize patterns in existing data and reflect the prevailing arguments found in them, including errors and biases. The answers to the questions posed to these systems reveal the prevailing thought patterns in the published data. 
The goal of this section is (i) to compare the approach and results of AI systems with those of the historical approach described above regarding the causes of this transition, and (ii), to show what researchers learn from AI systems themselves about the role of AI in this transition and also about AI's evaluation of this role. Using the paid version of the Gemini 3 Deep Think model and the unpaid version of ChatGPT (both in April 2026), I pursued this goal, first, by asking the AI systems two questions; the interactions were conducted within a single, continuous conversation thread for each question. Both AI systems had significant overlap in the essential parts of their answers. I am quoting mostly excerpts from Gemini 3's answers here. I then comment on the answers to each question and conclude with a section on the statements of both AI systems regarding the fate of basic research.
5.1. Question 1: “What is the cause for the shift of basic to applied science at universities?”
5.1.1. Answers
"The transition from basic science (driven by curiosity and the search for fundamental truths) to applied science (focused on practical solutions and commercial outcomes) is a multifaceted evolution that has reshaped higher education over the last several decades.
While the ‘Ivory Tower’ was once a place for discovery for its own sake, several systemic drivers have pushed universities toward a more utilitarian model.
1) The shift in funding paradigms
Governments and private foundations have increasingly moved away from ‘block grants’—which give researchers autonomy—toward impact-oriented funding.
. . . .
2) The rise of the ‘Entrepreneurial University’
Universities are no longer just centers of learning; they are major economic engines.
. . . .
3) Societal pressure and ‘grand challenges’
The 21st century has presented existential threats that demand immediate, scalable solutions.
· Climate change, global pandemics, and food security have created a moral and practical urgency for ‘Pasteur’s Quadrant’ [1997 book by D. E. Stokes
‘Basic Science and Technological Innovation’] research—work that is both fundamentally significant and immediately useful. 
4) Institutional metrics and ranking
University rankings (QS [Quacquarelli Symonds] or Times Higher Education) often incorporate metrics related to industry income, patents, and employability. To climb these rankings and attract both top students and private donors, universities must demonstrate that their research has ‘real-world’ applications.
. . . ."
5.2. My comments on the answers to Question 1
The basic difference between the approach of Gemini 3 (and ChatGPT) and the historical one in their answers to the above question is AI's lack of historical and causal explanations.
· With one exception (societal pressures), Gemini 3 answers this question by presenting some current phenomena of the transition to applied research or its result, but not by analyzing its causes.
· Historical explanations for the transition such as changes in political or other ideologies, and institutional and scientific developments are completely lacking (apart from a brief reference to an earlier "ivory tower mentality"), and the content of historical sources, such as those by Paul Forman or Michael Polanyi, was not taken into account. This ahistorical view is also evident in Answer 3: Gemini 3 reflects the prevailing view of our time, which emphasizes current threats such as climate change and global pandemics, while ignoring the fact that “existential threats” prevailed in past centuries and millennia to an extent that no one can imagine today. Gemini 3's marginalization or abandonment of a historical perspective reflects a general trend in Western societies including in science (see Morange, 2026).
· The "moral and practical urgency" for research that is "both fundamentally significant and immediately useful" (Answer 3) wrongly conveys the impression that (applied) science can provide immediate solutions to practical problems. 

5.3. Question 2: "How does the use of AI affect the shift from basic to applied research at universities?"
5.3.1. Answers
"Artificial intelligence is acting as both a high-speed engine and a powerful magnet, pulling university research toward application with unprecedented force. While the shift from basic to applied science has been underway for decades, AI has fundamentally changed the velocity and economic incentives of this transition.
Here is how AI is specifically driving this shift:
1) The ‘compressed pipeline’ (turning discovery into product)
Traditionally, a ‘basic’ discovery (like understanding a specific protein's shape) could take a decade to translate into an ‘applied’ result (like a drug). AI has collapsed this timeline.
. . . .
2) The ‘crowding out’ effect in funding
Research funding is increasingly being redirected toward projects that have a ‘computational’ or ‘AI-enabled’ component, which almost always lean toward applied outcomes.
. . . .
3) The 2024 Nobel signal: AI as the new ‘foundation’
The awarding of the 2024 Nobel Prizes in Physics and Chemistry to AI pioneers (John Hopfield, Geoffrey Hinton, Demis Hassabis, and John Jumper) sent a clear message to academia: the most significant scientific contributions are now those that provide the tools for application.
· This has led to the rise of ‘Foundational Science Models’ (like the Polymathic AI project), which aim to create universal models for physics or biology. While these models are ‘basic’ in their scope, their primary value is enabling thousands of ‘applied’ downstream tasks.
4) Direct industry integration (the ‘brain drain’)
The line between a university lab and a corporate R&D department is blurring due to the nature of AI.
· Tech Transfer 2.0: University Technology Transfer Offices (TTOs) are using AI to identify patentable ‘applied’ insights buried in basic research data before the researcher even realizes they have a product.
· The ‘Dual-Appointment’ Professor: Many top AI researchers now hold positions at both universities and companies like Google, Meta, or OpenAI. This naturally steers their research toward problems that are relevant to industry needs.
. . . ."
5.4. My comments on the answers to Question 2
Gemini 3 confirms the observation that "AI has fundamentally changed the velocity and economic incentives of this transition [towards application]." It conveys the impression that scientists and politicians have accepted the increasingly utilitarian model of universities, in which patents and "research toward problems that are relevant to industry needs" rank first.  
While there is no doubt that AI is profoundly increasing scientific research towards application, this is not, or ought not to be, an automated process. Until now, it is researchers, university administrators, and politicians who have to make fundamental decisions about the direction of research and the self-image of the university unless they decide to apply everything that is technically possible and forget the basic principles of science and scientific advance that history has taught us. Therefore, the answers of Gemini 3 give rise to the following questions: 
· Do researchers at universities want AI to be "a driving force that shapes the direction of future research”? Do they want universities to be completely oriented towards utilitarian goals?
· Gemini 3 writes that "traditionally, a 'basic' discovery (like understanding a specific protein's shape) could take a decade to translate into an 'applied' result (like a drug)." But a look into history shows that such a translation is not so short and easy as this example indicates. The way from discoveries to application is often very long and convoluted and would have been even if the tool of AI had existed in earlier decades. Examples are the many conceptual changes on which the current useful applications in quantum mechanics or biotechnology are based. How could AI have anticipated the 102 years from the discovery of DNA to recombinant DNA technologies that included the recognition of DNA as genetic material, the application of the concept of linear information to biology, the mechanism of gene replication and regulation, and others? More generally, how could it have brought about - without human creativity - the fundamental discoveries and conceptual changes in sciences on which applications are based?
· The awarding of the 2024 Nobel Prizes in Physics and Chemistry to AI pioneers shows that AI has now been accepted in science. But, contrary to what Gemini 3 writes, it does not send the "clear message to academia" that "the most significant scientific contributions are now those that provide the tools for application." 

5.5. Gemini 3 and ChatGPT on the fate of basic research
If we believe the answers of Gemini 3 to the two questions, we get the impression that the transition of research at universities toward industrial applications is almost complete and that the utilitarian idea has taken the lead, a development that is reminiscent of Bukharin's dictum that science is "the product of the demands of the time for technological results." Capitalist and communist ideologies seem to have converged apart from that in the early Soviet Union the rejection of science for its own sake was supposed to serve the common good, whereas in the West today the support of applied research serves the profit interests of companies or individuals.
Unlike the answers of an (unpaid) version ChatGPT (March 2026) that did not talk about basic science for developing tools for application, the Gemini 3 version used here mentions the worries of academics that "without fundamental discoveries," there "eventually won't be any new foundations upon which to build applied technologies." It also talks about the "risk that we are 'mining' our existing stock of basic knowledge to build applied AI tools without replenishing that stock", warning that "AI can find patterns in what we already know," but that it is not clear whether AI can discover new principles "without experimental data that humans provide." In contrast, according to Gemini 3, universities do not seem to make a major effort to support basic research at a high level. Instead, they aim at climbing the rankings "and attract both top students and private donors," by demonstrating "that their research has 'real-world' applications." 
The term "real-world" application here seems to be confined to applied research and technology. This limitation reveals the superficiality and narrow focus on common expectations that underlie this answer and many of the other answers. Causal-mechanistic explanations of natural phenomena and the age-old scientific goal of understanding nature better than before are apparently not considered "real-world" scientific applications by this AI system.
According to the answers of ChatGPT (unpaid version, April 2026) to the same two questions, "basic science still underpins applied advances—many breakthroughs in applied fields ultimately trace back to curiosity-driven research." The system states that "many foundational advances in AI itself (like neural network theory or optimization methods) still come from basic research. But even those are often justified in terms of potential downstream applications. In other words, basic research is increasingly expected to signal its future usefulness." ChatGPT conveys the message that "the healthiest research ecosystems will still need to actively protect and fund basic inquiry to sustain real progress." It does not explain whether "real progress" here means progress in applications or progress in understanding nature.
I end this section by citing some conclusions from the survey "Science in the Age of AI" of the Royal Society (2024). The Society discusses many opportunities that AI technologies can offer scientists but also highlights various "challenges arising from the increased adoption of AI." Among them are "reproducibility (in which other researchers cannot replicate experiments conducted using AI tools)" and "environmental costs (due to high energy consumption being required to operate large compute infrastructure)." It also points to the already mentioned growing barriers to the adoption of open science principles "due to the black box nature of AI systems and the limited transparency of commercial models that power AI-based research." The survey cautions that "the changing incentives across the scientific ecosystem may be increasing pressure on researchers to incorporate advanced AI techniques at the neglect of more conventional methodologies, or to be ‘good at AI’ rather than ‘good at science.’" It warns that the "centralisation of AI development under large technology firms (e.g., Google, Microsoft, Amazon, Meta and Alibaba) could lead to corporate dominance over infrastructure critical for scientific progress. This includes ownership over massive datasets for training AI models, vast computing infrastructures, and top AI talent." A dangerous development, indeed.
To summarize this section: In answers to two questions, Gemini 3 shows that the increasing use of AI in science has also profoundly accelerated the transition from basic research to applied science and technology. The answers to the question about causes for this development are rather descriptions of current phenomena, and do not reveal historical causes. Gemini 3 mentions the need for ongoing basic research because AI cannot discover new principles, but it states that at universities, the utilitarian idea has taken the lead.

6. Some conclusions
In mid-20th century, Michael Polanyi was concerned about the spread of Stalin's doctrine among scientists in Western countries because it might lead the love of pure science to "falter and die." He did not share the widespread opinion that science would always be continued because of its practical achievements but believed that "almost every major systematic error which has deluded men for thousands of years relied on practical experience." As an example, he cited Trofim Lysenko, who based his untenable theoretical conclusions on the practical successes of the plant breeder Ivan V. Michurin. The scientific method, Polanyi concluded, "was devised precisely for the purpose of elucidating the nature of things under more carefully controlled conditions and by more rigorous criteria than are present in the situations created by practical problems" (Polanyi, 1958/1962, pp.193-4).
Scientific discoveries are unpredictable, and we do not know, and cannot know, what major discoveries will be generated in the future. But researchers, university administrators, and politicians have to decide whether funding for experiment-based research aiming at causal explanations will continue also in the future, or whether they want to replace all of traditional research by a new ultra-empiricism or data-positivism, where science relies solely on the correlation of an abundance of AI generated data. They also have to answer the question of how they want to deal with the lack of reproducibility and poor generalization of findings that AI-based publications are suffering from. And scientists have to decide which ethical norms should guide their work, that is, which of the norms or values codified by Merton they want to reemphasize for future research, and which new norms they want to establish for AI-driven applied research and collaborations with industry. Ethical problems, such as fake data, paper mills, and invented authors, are increasing rapidly. We will see whether the new norms will be proposed by scientists themselves or whether they decide to leave this to AI. 

Acknowledgements
I thank Sophie Kohler and Anthony S. Travis as well as two anonymous reviewers for valuable comments on an earlier draft of the paper, and Daniel Somekh for his help with Gemini 3.

Data availability statement
I did not use any quantitative or qualitative material in this study other than the literature cited in references.

References
Argyres, N. & Liebskind, J. 1998. Privatizing the intellectual commons: universities and the commercialization of biotechnology research. Journal of Economic Behavior and Organization, 35 (4) 427-454.
Bacon, F. (1902). Novum Organum (J. Devey, Ed.). P.F. Collier & Son. (Original work published in 1620.)
Bloom, N., Jones, C. I., van Reenen, J., & Webb, M. (2020). Are ideas getting harder to find? American Economic Review, 110(4), 1104–1044. DOI: 10.1257/aer.20180338.
Borinskaya, S. A., Ermolaev, A.I., & Kolchinsky, E.I. (2019). Lysenkoism against genetics: The meeting of the Lenin All-Union Academy of Agricultural Sciences of August 1948, its background, causes, and aftermath, Genetics, 212(1), 1–12.
Cohen, J. S. 2021. The Revolution in Science in America, 1900-1950. Substantia 5(2), 85-95. doi: 10.36253/Substantia-1256.
Dahn, R. (2008). Friedrich Miescher and the early years of nucleic acid research. Human Genetics, 122(6), 565-581.
Einstein, A., & Infeld, L. (1938). The evolution of physics. Cambridge University Press.
Etzkowitz, H., & Leydesdorff, L. (Eds.) (1997). Universities and the global knowledge economy: A triple helix of university-industry-government relations. Pinter.
Forman, P. (2007). The primacy of science in modernity, of technology in postmodernity, and of ideology in the history of technology. History and Technology, 23(1), 1-152. DOI: 10.1080/07341510601092191 
Gaskell, G. (2001). Biotechnology, technoscience and the public sphere. In G. Gaskell and M. Bauer (Eds.), Biotechnology 1996-2000: the years of controversy (pp. 116-127). Science Museum Press.
Hacking, I. ((1983) 2007). Representing and intervening. Cambridge University Press. 

Haraway, D. J. (1997). Modest_Witness@Second_Millennium. Female Man_Meets_OncoMouse. Femininism and technoscience. Routledge. 
Hottois, G. (2018). Technoscience: From the Origin of the Word to Its Current Uses. https://www.researchgate.net/publication/325400741_Technoscience_From_the_Origin_of_the_Word_to_Its_Current_Uses#:~:text=The%20Belgium%20philosopher,'Ethique%20at%20Techno%2Dscience'%20(Hottois%2C%201978). DOI: 10.1007/978-3-319-89518-5_8.
Joravsky, D. (1970). The Lysenko affair. University of Chicago Press.
Krementsov, N. L. (1997). Stalinist science. Princeton University Press.
Kurland, C. (2000). Introduction to the session "Biotechnology, bio-industry, bio-business". https://communications.embl-community.io/science-society-archive/conferences/embl-embo-joint/conference_2000/participants/kurland/index.html
[bookmark: _Hlk197599461]Latour, B. (1987). Science in action: How to follow scientists and engineers through society. Harvard University Press. ISBN 0-674-79291-2
Latour, B. (1993). On technical mediation. Common Knowledge, 3(2), 29-64.
Law, J., & Singleton, V. (2000). Performing technology's stories: On social constructivism, performance, and performativity. Technology and Culture, 41(4), 765–775. doi:10.1353/tech.2000.0167 
Levi-Weinrib, E. (2017, August 17). Mobileye: We never used Hebrew University IP. Globes. https://en.globes.co.il/en/article-mobileye-we-never-used-hebrew-university-ip-1001201778
Merton, R. K. (1942). A note on science and democracy. Journal of Legal and Political Sociology, 1, 115–126.
Morange, M. (2026). Pour une authentique histoire des sciences. Paris: Éditions Matériologiques.
Polanyi, M. (1962). Personal knowledge. Towards a post-critical philosophy. The University of Chicago Press. (Original work published in 1958.)
Proctor, R. (1991). Value-Free science. Harvard University Press. 
Rosell, C. & Agrawal, A. (2009). Have university knowledge flows narrowed?: Evidence from patent data. Research Policy, 38 (1), 1-13.
Stark, J. (1938). The pragmatic and the dogmatic spirit in physics. Nature, 141, 770-772.
Szoelloesi-Janze, M. (2005). Science and social space: Transformations in the Institutions of Wissenschaft from the Wilhelmine Empire to the Weimar Republic. Minerva, 43, 339–360. DOI 10.1007/s11024-005-2473-8. 
The Royal Society (2024). Science in the age of AI. How artificial intelligence is changing the nature and method of scientific research. The Royal Society. https://royalsociety.org/news-resources/projects/science-in-the-age-of-ai/
Thiel, T. (2025). Dorothee Bär und Karin Prien: Zwei Ministerinnen für die große Zäsur. Frankfurter Allgemeine Zeitung, 28 April 2025.
Travis, A. S. (1993). The rainbow makers: The origins of the synthetic dyestuffs industry in Western Europe. Lehigh University Press / Associated University Presses.
Turner, S. (2007). Merton’s “norms” in political and intellectual context. Journal of Classical Sociology, 7(2), 161-178. https://www.researchgate.net/publication/254789678_Merton's_Norms'_in_Political_andIntellectual_Context
van den Belt, H. (2009). Philosophy of biotechnology. In A. Meijers (Ed.). Philosophy of technology and engineering sciences (vol. 9, pp. 1301-1340). Elsevier/North Holland. https://www.sciencedirect.com/science/article/abs/pii/B9780444516671500501?via%3Dihub
Watson, J. D., & Berry, A. (2003). DNA: The secret of life. Alfred A. Knopf.
Weber, J. (2013). From science and technology to feminist technoscience. In M. Wyer, M. Barbercheck, D. Cookmeyer, H. Ozturk, & M. Wayne (Eds.), Women, science, and technology (chap 22, pp. 543-556). Routledge. 
2

