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Abstract. The theorem of not independence of any technological innovation states that in 
the long run, the behavior and evolution of any technological innovation is not independent 
from the behavior and evolution of the other technological innovations. In particular, any 
technological innovation does not function as an independent system per se, but each 
innovation depends on the other technological innovations to form a complex system of 
parts that interact and coevolve in a non-simple way. The theorem of not independence of 
any technological innovation can explain and generalize, whenever possible, one of the 
characteristics of the evolution of technology that generates technological and economic 
change in human society. 
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1. Introduction 
n analogy with some concepts from systems science (Ackoff, 1971, p. 661ff; 
cf., Churchman & Ackoff, 1950; Oppenheimer, 1958; Rosenblueth et al., 
1943), suppose that: Technological innovationi is defined an entity (system) 

that is composed of at least two components and a relation that holds between each 
of its components and at least one other element in the set. Each of a technological 
innovation's components is connected to every other component, directly or 
indirectly. No subset of components in a technology is unrelated to any other 
subset. 

Remark: a component of technology is an element of its system that can be 
abstract or concrete. Abstract components of technology are concepts, such as 
in computer programming, a string. Concrete (tangible) components of technology 
are objects, such as electronic and/or mechanical parts of artifacts (cf., Ackoff, 
1971).  

In this context, the technology has fundamental interactions between 
components (sub-systems) and other associated systems (technological 
innovations) in a complex system; these fundamental interactions are reciprocal 
movement of information/resources/energy and other physical phenomena directed 
to satisfy needs, achieve goals  and/or solve problems of human society. The 
fundamental interaction in technological domains is strong between intra-
component linkages (sub-systems) and weak between inter-component linkages of 
one or more technological innovations (Simon, 1962). The environment of a 
technological innovation is a set of elements and factors that can affect its state. 
The state of a technological innovation “at a moment of time is the set of relevant 
properties which that system has at that time” (Ackoff, 1971). For instance, 
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environments of technology are the markets (competition, oligopoly, monopolistic 
competition, contestable, etc.) that can drive technological advances with a 
reciprocal influence between innovations in order to achieve and/or support goals 
and competitive advantage of subjects (competition-driven innovation).  

Some characteristics of technological innovations are: 
1. A technological innovation can be a state-maintaining system: “is one that (1) 

can react in only one way to any one external or internal event but (2) it reacts 
differently to different external or internal events, and (3) these different 
reactions produce the same external or internal state (outcome). Such a system 
…must be able to discriminate between different internal or external states to 
changes in which it reacts”. These technological innovations: “are not capable 
of learning because they cannot choose their behavior. They cannot improve 
with experience.” (e.g., compass; Ackoff, 1971, p.665, original italics).  

2. A goal-seeking technological innovation is a system:“that can respond 
differently to one or more different external or internal events in one or more 
different external or internal states and that can respond differently to a 
particular event in an unchanging environment until it produces a particular 
state (outcome)…Thus such a system has a choice of behavior… Under 
constant conditions a goal-seeking system may be able to accomplish the same 
thing in different ways and it may be able to do so under different conditions. If 
it has memory, it can increase its efficiency over time in producing the outcome 
that is its goal ...for example, an electronic maze-solving rat.... Systems with 
automatic 'pilots' are goal-seeking.” (Ackoff, 1971, pp.665-666, original 
emphasis). 

3. A multi-goal-seeking technological innovation isa system: “that is goal-seeking 
in each of two or more different (initial) external or internal states, and which 
seeks different goals in at least two different states, the goal being determined 
by the initial state” (Ackoff, 1971, pp.666).  

4. A purposive technological innovation: “is a multi-goal-seeking system the 
different goals of which have a common property. These types of system can 
pursue different goals but they do not select the goal to be pursued.... A 
computer which is programmed to play more than one game ...is multi-goal-
seeking. What game it plays is not a matter of its choice, however; it is usually 
determined by an instruction from an external source. Such a system is also 
purposive because 'game winning' is a common property of the different goals 
which it seeks” (Ackoff, 1971, pp.666). In short, by combining two or more 
goal-seeking components, it is possible to construct a multi-goal-seeking (and 
hence a purposive) system.  

5. A purposeful system, instead, is: “one which can produce the same outcome in 
different ways in the same (internal or external) state and can produce different 
outcomes in the same and different states. Thus a purposeful system is one 
which can change its goals under constant conditions; it selects ends as well as 
means and thus displays will. Human beings are the most familiar examples of 
such systems …The goal of a purposeful system in a particular situation is a 
preferred outcome that can be obtained within a specified time period. The 
objective of a purposeful system in a particular situation is a preferred outcome 
that... can be obtained over a longer time period.” (Ackoff, 1971, pp.666-667, 
original italics). 

6. A technological innovation can be state-maintaining, goal-seeking, multi-goal-
seeking, or purposive; but not a purposeful system. 
 
2. Theorem of Not independence of Any technological 

innovation  
In the long run, the behavior and evolution of any technological innovationiis 

not independent from the behavior and evolution of the other technological 
innovationsj∀𝑖 = 1,… ,𝑛 𝑎𝑛𝑑 𝑗 = 1,… ,𝑚 
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Proof  
Assume the statement of the theorem above (called P) to be false. 
Suppose that ¬𝑃 (the negation of the theorem) is true: ∃ a technological 

innovationisuch that (s.t.)iis independent from the other technological 
innovationsj 

∃a technological innovationis.t.it is a purposeful system that can change its 
goals, select ends as well as means and displays will. 

However, any technological innovation cannot be a purposeful system per 
definition.  

The statement ¬𝑃 implies a contradictory assertion (an argumentum ad 
absurdum: reduction to absurdity).  

Therefore, ∴ the statement P (theorem) is true (QED). 
Corollary 
o ∄any technological innovation I that has a long-run behavior and 

evolution independent from the other technological innovations j. 
o The theoretical implications of this theorem are fundamental interactions 

between systems of technologies that generate dependence and interdependence 
between two or more associated technologies in human society. 

 
3. Theoretical and practical implications of the theorem  
The concept system, applied here, plays a critical role in science and technology 

(Ackoff, 1971). The systems approach focuses on systems taken as a whole, not on 
their parts taken separately and is an appropriate theoretical framework to analyze 
the patterns and evolution of technological innovation (Coccia, 2017). The 
theoretical implication of this theorem is that: 
1. in the long run, the behavior and evolution of any one of the technological 

innovations interact and depend on the behavior and evolution of the other 
technological innovations;  

2. in the short-run, the behavior and evolution of technological innovations may be 
approximately independent of the short-run behavior and evolution of the other 
technological innovations (cf., Simon, 1962).  
The theorem here can explain and generalize, whenever possible the existence 

of fundamental interactions, between any technological innovations and at least 
one other technological innovations in complex and inter-related systems. The not 
independence of any technology is an important property of the evolution of 
technology inhuman societies.  

Overall, then, this theory here suggests that in the long run, any technological 
innovation does not function as independent system per se, but technological 
innovations depend on the other technological innovations to form elements of 
complex systems that interact and coevolve in a non-simple way. Technology has 
an intrinsic nature to progress with fundamental interactions with the other 
technological innovations and human societies (human-technology interactions) to 
satisfy needs, achieve goals and/or solve problems. Future technological and 
scientific progress may generate, with the artificial intelligence (AI), new 
technology similar to purposeful systems, but the similarity will not be an identity 
and a completely independence of AI technology is hard to be conceived.  

To conclude, the proposed theorem here may form a groundwork for 
development of more sophisticated theoretical framework sto explain the evolution 
of technology in the long run. However, we know that other things are often not 
equal over time and space in the domain of technology. There is need for much 
more detailed research to shed further theoretical and empirical light on patterns of 
technological innovation to explain evolution of technology, technological and 
economic change in human society.  
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Notes 
 
i
 For studies about technological innovation see Coccia, 2001, 2003, 2004, 2005, 2005a, 2005b, 
2005c, 2006, 2006a, 2007, 2008, 2008a, 2008b, 2009, 2009a, 2010, 2010a, 2010b, 2010c, 2010d, 
2010e, 2011, 2012, 2012a, 2012b, 2012c, 2012d, 2013, 2013a, 2014, 2014a, 2014b, 2014c, 2014d, 
2014e, 2014f, 2014g, 2015, 2015a, 2015b, 2015c, 2015d, 2016, 2016a, 2016b, 2016c, 2017, 2017a, 
2017b, 2017c, 2017d, 2018, Coccia & Bozeman, 2016; Coccia & Finardi, 2012, 2013; Coccia & 
Wang, 2015, 2016. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Journal of Economics Bibliography 

JEB, 5(1), M. Coccia, p.29-35. 

33 

 

References 
Ackoff, R.L. (1971). Towards a system of systems concepts. Management Science, 17(11), 661-671. 

doi. 10.1287/mnsc.17.11.661 
Churchman, C.W., & Ackoff R.L. (1950). Purposive Behavior and Cybernetics. Social Forces, 29(1), 

32-39. doi. 10.2307/2572754 
Coccia, M. (2001). Satisfaction, work involvement and R&D performance. International Journal of 

Human Resources Development and Management, 1(2-3-4), 268-282. doi. 
10.1504/IJHRDM.2001.001010 

Coccia, M. (2003). Metrics of R&D performance and management of public research institute. 
Proceedings of IEEE- IEMC 03, Piscataway, pp.231-236. 

Coccia, M. (2004). Spatial metrics of the technological transfer: analysis and strategic management. 
Technology Analysis & Strategic Management, 16(1), 31-52. doi. 
10.1080/0953732032000175490 

Coccia, M. (2005). Countrymetrics: valutazione della performance economica e tecnologica dei paesi 
e posizionamento dell’Italia, Rivista Internazionale di Scienze Sociali, CXIII(3), 377-412.  

Coccia, M. (2005a). Metrics to measure the technology transfer absorption: analysis of the 
relationship between institutes and adopters in northern Italy. International Journal of Technology 
Transfer and Commercialization, 4(4), 462-486. doi. 10.1504/IJTTC.2005.006699 

Coccia, M. (2005b). Technometrics: Origins, historical evolution and new direction, Technological 
Forecasting & Social Change, 72(8), 944-979. doi. 10.1016/j.techfore.2005.05.011 

Coccia, M. (2005c). Economics of scientific research: origins, nature and structure, Proceedings of 
Economic Society of Australia. 

Coccia, M. (2006). Classifications of innovations: survey and future directions. Working Paper Ceris 
del Consiglio Nazionale delle Ricerche, 8(2), 1-19. [Retrieved from]. 

Coccia, M. (2006a). Analysis and classification of public research institutes. World Review of 
Science, Technology and Sustainable Development, 3(1), 1-16.  

Coccia, M. (2007). A new taxonomy of country performance and risk based on economic and 
technological indicators, Journal of Applied Economics, 10(1), 29-42. 

Coccia, M. (2008). Science, funding and economic growth: analysis and science policy implications. 
World Review of Science, Technology and Sustainable Development, 5(1), 1-27. doi. 
10.1504/WRSTSD.2008.01781 

Coccia, M. (2008a). Spatial mobility of knowledge transfer and absorptive capacity: analysis and 
measurement of the impact within the geoeconomic space. The Journal of Technology Transfer, 
33(1), 105-122. doi. 10.1007/s10961-007-9032-4 

Coccia, M. (2008b). New organizational behaviour of public research institutions: Lessons learned 
from Italian case study. International Journal of Business Innovation and Research, 2(4), 402–
419. doi. 10.1504/IJBIR.2008.018589 

Coccia, M. (2009). A new approach for measuring and analyzing patterns of regional economic 
growth: empirical analysis in Italy. Italian Journal of Regional Science- Scienze Regionali, 8(2), 
71-95. doi. 10.3280/SCRE2009-002004 

Coccia, M. (2009a). Measuring the impact of sustainable technological innovation, International 
Journal of Technology Intelligence and Planning, 5(3), 276-288. doi. 10.1504/IJTIP.2009.026749 

Coccia, M. (2010). Public and private R&D investments as complementary inputs for productivity 
growth. International Journal of Technology, Policy and Management, 10(1/2), 73-91. doi. 
10.1504/IJTPM.2010.032855 

Coccia, M. (2010a). Foresight of technological determinants and primary energy resources of future 
economic long waves, International Journal of Foresight and Innovation Policy, 6(4), 225–232. 
doi. 10.1504/IJFIP.2010.037468 

Coccia, M. (2010b). Energy metrics for driving competitiveness of countries: Energy weakness 
magnitude, GDP per barrel and barrels per capita. Energy Policy, 38(3), 1330-1339. doi. 
10.1016/j.enpol.2009.11.011 

Coccia, M. (2010c). Spatial patterns of technology transfer and measurement of its friction in the geo-
economic space. International Journal of Technology Transfer and Commercialisation, 9(3), 255-
267. doi. 10.1504/IJTTC.2010.030214 

Coccia, M. (2010d). The asymmetric path of economic long waves, Technological Forecasting & 
Social Change, 77(5), 730-738. doi. 10.1016/j.techfore.2010.02.003 

Coccia, M. (2010e). Democratization is the driving force for technological and economic change, 
Technological Forecasting & Social Change, 77(2), 248-264. doi. 10.1016/j.techfore.2009.06.007 

Coccia, M. (2011). The interaction between public and private R&D expenditure and national 
productivity. Prometheus-Critical Studies in Innovation, 29(2), 121-130. doi. 
10.1080/08109028.2011.601079 

Coccia, M. (2012). Political economy of R&D to support the modern competitiveness of nations and 
determinants of economic optimization and inertia, Technovation, 32(6), 370–379. doi.  
10.1016/j.technovation.2012.03.005 

Coccia, M. (2012a). Evolutionary trajectories of the nanotechnology research across worldwide 
economic players. Technology Analysis & Strategic Management, 24(10), 1029-1050. doi. 
10.1080/09537325.2012.705117 

https://doi.org/10.1287/mnsc.17.11.661
https://doi.org/10.2307/2572754
http://dx.doi.org/10.1504/IJHRDM.2001.001010
https://doi.org/10.1080/0953732032000175490
https://doi.org/10.1504/IJTTC.2005.006699
https://doi.org/10.1016/j.techfore.2005.05.011
http://www.ceris.cnr.it/ceris/workingpaper/2006/WP_2_06_COCCIA_NEW.pdf
https://doi.org/10.1504/WRSTSD.2008.01781
https://doi.org/10.1007/s10961-007-9032-4
https://doi.org/10.1504/IJBIR.2008.018589
https://doi.org/10.3280/SCRE2009-002004
http://dx.doi.org/10.1504/IJTIP.2009.026749
http://dx.doi.org/10.1504/IJTPM.2010.032855
http://dx.doi.org/10.1504/IJFIP.2010.037468
https://doi.org/10.1016/j.enpol.2009.11.011
http://dx.doi.org/10.1504/IJTTC.2010.030214
https://doi.org/10.1016/j.techfore.2010.02.003
https://doi.org/10.1016/j.techfore.2009.06.007
https://doi.org/10.1080/08109028.2011.601079
https://doi.org/10.1016/j.technovation.2012.03.005
https://doi.org/10.1080/09537325.2012.705117


Journal of Economics Bibliography 

JEB, 5(1), M. Coccia, p.29-35. 

34 

 
Coccia, M. (2012b). Evolutionary growth of knowledge in path-breaking targeted therapies for lung 

cancer: radical innovations and structure of the new technological paradigm.  International 
Journal of Behavioural and Healthcare Research, 3(3-4), 273-290. doi. 
10.1504/IJBHR.2012.051406 

Coccia, M. (2012c). Converging genetics, genomics and nanotechnologies for groundbreaking 
pathways in biomedicine and nanomedicine. International Journal of Healthcare Technology and 
Management, 13(4), 184-197. doi. 10.1504/IJHTM.2012.050616 

Coccia, M. (2012d). Driving forces of technological change in medicine: Radical innovations induced 
by side effects and their impact on society and healthcare. Technology in Society, 34(4), 271-283. 
doi. 10.1016/j.techsoc.2012.06.002 

Coccia, M. (2013). What are the likely interactions among innovation, government debt, and 
employment? Innovation: The European Journal of Social Science Research, 26(4), 456–471. doi. 
10.1080/13511610.2013.863704 

Coccia, M. (2013a). The effect of country wealth on incidence of breast cancer. Breast Cancer 
Research and Treatment, 141(2), 225-229. doi. 10.1007/s10549-013-2683-y 

Coccia, M. (2014). Path-breaking target therapies for lung cancer and a far-sighted health policy to 
support clinical and cost effectiveness. Health Policy and Technology, 1(3), 74-82. doi. 
10.1016/j.hlpt.2013.09.007 

Coccia, M. (2014a). Emerging technological trajectories of tissue engineering and the critical 
directions in cartilage regenerative medicine.  Int. J. Healthcare Technology and Management, 
14(3), 194-208. doi. 10.1504/IJHTM.2014.064247 

Coccia, M. (2014b). Converging scientific fields and new technological paradigms as main drivers of 
the division of scientific labour in drug discovery process: the effects on strategic management of 
the R&D corporate change. Technology Analysis & Strategic Management, 26(7), 733-749, doi. 
10.1080/09537325.2014.882501 

Coccia, M. (2014c). Driving forces of technological change: The relation between population growth 
and technological innovation-Analysis of the optimal interaction across countries, Technological 
Forecasting & Social Change, 82(2), 52-65. doi. 10.1016/j.techfore.2013.06.001 

Coccia, M. (2014). Socio-cultural origins of the patterns of technological innovation: What is the 
likely interaction among religious culture, religious plurality and innovation? Towards a theory of 
socio-cultural drivers of the patterns of technological innovation, Technology in Society, 36(1), 
13-25. doi. 10.23760/2421-7158.2017.004 

Coccia, M. (2014e). Religious culture, democratisation and patterns of technological innovation. 
International Journal of Sustainable Society, 6(4), 397-418. doi. 10.1504/IJSSOC.2014.066771 

Coccia, M. (2014f). Structure and organisational behaviour of public research institutions under 
unstable growth of human resources, Int. J. Services Technology and Management, 20(4/5/6), 
251–266. doi. 10.1504/IJSTM.2014.068857 

Coccia, M. (2014g). Steel market and global trends of leading geo-economic players. International 
Journal of Trade and Global Markets, 7(1), 36-52, doi. 10.1504/IJTGM.2014.058714 

Coccia, M. (2015). The Nexus between technological performances of countries and incidence of 
cancers in society. Technology in Society, 42, 61-70. doi. 10.1016/j.techsoc.2015.02.003 

Coccia, M. (2015a). Patterns of innovative outputs across climate zones: the geography of innovation, 
Prometheus. Critical Studies in Innovation, 33(2), 165-186. doi. 10.1080/08109028.2015.1095979 

Coccia, M. (2015b). General sources of general purpose technologies in complex societies: Theory of 
global leadership-driven innovation, warfare and human development, Technology in 
Society, 42, 199-226. doi. 10.1016/j.techsoc.2015.05.008 

Coccia, M. (2015c). Spatial relation between geo-climate zones and technological outputs to explain 
the evolution of technology. Int. J. Transitions and Innovation Systems, 4(1-2), 5-21. doi. 
10.1504/IJTIS.2015.074642 

Coccia, M. (2015d). Technological paradigms and trajectories as determinants of the R&D corporate 
change in drug discovery industry. International Journal Knowledge and Learning, 10(1), 29-43. 
doi. 10.1504/IJKL.2015.071052 

Coccia, M. (2016). Asymmetric paths of public debts and of general government deficits across 
countries within and outside the European monetary unification and economic policy of debt 
dissolution. The Journal of Economic Asymmetries, 15, 17-31. doi. 10.1016/j.jeca.2016.10.003 

Coccia, M. (2016a). Radical innovations as drivers of breakthroughs: characteristics and properties of 
the management of technology leading to superior organizational performance in the discovery 
process of R&D labs. Technology Analysis & Strategic Management, 28(4), 381-395. doi. 
10.1080/09537325.2015.1095287  

Coccia, M. (2016). Problem-driven innovations in drug discovery: co-evolution of radical innovation 
with the evolution of problems, Health Policy and Technology, 5(2), 143-155. doi. 
10.1016/j.hlpt.2016.02.003 

Coccia, M. (2016c). The relation between price setting in markets and asymmetries of systems of 
measurement of goods. The Journal of Economic Asymmetries, 14(B), 168-178. doi. 
10.1016/j.jeca.2016.06.001 

Coccia, M. (2017). The source and nature of general purpose technologies for supporting next K-
waves: Global leadership and the case study of the U.S. Navy's Mobile User Objective System, 
Technological Forecasting and Social Change, 116, 331-339. doi. 10.1016/j.techfore.2016.05.019 

https://doi.org/10.1504/IJBHR.2012.051406
https://doi.org/10.1504/IJHTM.2012.050616
https://doi.org/10.1016/j.techsoc.2012.06.002
https://doi.org/10.1080/13511610.2013.863704
https://doi.org/10.1007/s10549-013-2683-y
https://doi.org/10.1016/j.hlpt.2013.09.007
https://doi.org/10.1504/IJHTM.2014.064247
https://doi.org/10.1080/09537325.2014.882501
https://doi.org/10.1016/j.techfore.2013.06.001
https://doi.org/10.23760/2421-7158.2017.004
http://dx.doi.org/10.1504/IJSSOC.2014.066771
https://doi.org/10.1504/IJSTM.2014.068857
https://doi.org/10.1504/IJTGM.2014.058714
https://doi.org/10.1016/j.techsoc.2015.02.003
https://doi.org/10.1080/08109028.2015.1095979
https://doi.org/10.1016/j.techsoc.2015.05.008
https://doi.org/10.1504/IJTIS.2015.074642
https://doi.org/10.1504/IJKL.2015.071052
https://doi.org/10.1016/j.jeca.2016.10.003
https://doi.org/10.1080/09537325.2015.1095287
https://doi.org/10.1016/j.hlpt.2016.02.003
https://doi.org/10.1016/j.jeca.2016.06.001
https://doi.org/10.1016/j.techfore.2016.05.019


Journal of Economics Bibliography 

JEB, 5(1), M. Coccia, p.29-35. 

35 

 
Coccia, M. (2017a). Optimization in R&D intensity and tax on corporate profits for supporting labor 

productivity of nations. The Journal of Technology Transfer, doi. 10.1007/s10961-017-9572-1 
Coccia, M. (2017b). Varieties of capitalism’s theory of innovation and a conceptual integration with 

leadership-oriented executives: the relation between typologies of executive, technological and 
socioeconomic performances. Int. J. Public Sector Performance Management, 3(2), 148–168. doi. 
10.1504/IJPSPM.2017.084672 

Coccia, M. (2017c). Sources of disruptive technologies for industrial change. L’industria –rivista di 
Economia e Politicaindustriale, 38(1), 97-120.  

Coccia, M. (2017d). Sources of technological innovation: Radical and incremental innovation 
problem-driven to support competitive advantage of firms. Technology Analysis & Strategic 
Management, 29(9), 1048-1061. doi. 10.1080/09537325.2016.1268682 

Coccia, M. (2017e). A Theory of general causes of violent crime: Homicides, income inequality and 
deficiencies of the heat hypothesis and of the model of CLASH, Aggression and Violent 
Behavior, 37, 190-200. doi. 10.1016/j.avb.2017.10.005 

Coccia, M. (2017f). New directions in measurement of economic growth, development and under 
development, Journal of Economics and Political Economy, 4(4), 382-395. 

Coccia, M. (2017g). Disruptive firms and industrial change, Journal of Economic and Social Thought, 
4(4), 437-450. 

Coccia, M. (2017h). The Fishbone diagram to identify, systematize and analyze the sources of general 
purpose Technologies, Journal of Social and Administrative Sciences, 4(4), 291-303. 

Coccia, M. (2018). A theory of the general causes of long waves: War, general purpose technologies, 
and economic change. Technological Forecasting & Social Change, 128, 287-295 
10.1016/j.techfore.2017.11.013 

Coccia, M. (2018a). The relation between terrorism and high population growth, Journal of 
Economics and Political Economy, 5(1), 84-104. 

Coccia, M. (2018b). Evolution of the economics of science in the twenty century, Journal of 
Economics Library, 5(1), 65-84. 

Coccia, M. (2018c). Violent crime driven by income Inequality between countries, Turkish Economic 
Review, 5(1), 33-55. 

Coccia, M. (2018d). The origins of the economics of innovation, Journal of Economic and Social 
Thought, 5(1), 9-28. 

Coccia, M. (2018e). Types of government and innovative performance of countries, Journal of Social 
and Administrative Sciences, 5(1), 15-33. 

Coccia, M., & Finardi, U. (2012). Emerging nanotechnological research for future pathway of 
biomedicine. International Journal of Biomedical Nanoscience and Nanotechnology, 2 (3-4), 299-
317.  doi. 10.1504/IJBNN.2012.051223 

Coccia, M., & Finardi, U. (2013). New technological trajectories of non-thermal plasma technology 
in medicine. International Journal of Biomedical Engineering and Technology, 11(4), 337-356. 
doi. 10.1504/IJBET.2013.055665 

Coccia, M., Finardi, U., & Margon, D. (2012). Current trends in nanotechnology research across 
worldwide geo-economic players, The Journal of Technology Transfer, 37(5), 777-787. doi. 
10.1007/s10961-011-9219-6 

Coccia, M., & Wang, L. (2015). Path-breaking directions of nanotechnology-based chemotherapy and 
molecular cancer therapy, Technological Forecasting and Social Change, 94, 155–169. doi. 
10.1016/j.techfore.2014.09.007 

Coccia, M., & Wang, L. (2016). Evolution and convergence of the patterns of international scientific 
collaboration. Proceedings of the National Academy of Sciences of the United States of America, 
113(8), 2057-2061. doi. 10.1073/pnas.1510820113 

Oppenheimer, R. (1958). Analogy in Science. The Centennial Review of Arts & Science, 2, 351-373.  
Rosenblueth, A., Wiener, N., & Bigelow, J. (1943). Behavior, purpose and teleology, Philosophy of 

Science, 10(1), 18–24. doi. 10.1086/286788 
Simon, H.A. (1962). The architecture of complexity. Proceeding of the American Philosophical 

Society, 106(6), 476-482. 
 
 
 

 
Copyrights 
Copyright for this article is retained by the author(s), with first publication rights granted to 
the journal. This is an open-access article distributed under the terms and conditions of the 
Creative Commons Attribution license (http://creativecommons.org/licenses/by-nc/4.0). 

 

https://doi.org/10.1007/s10961-017-9572-1
https://doi.org/10.1504/IJPSPM.2017.084672
https://doi.org/10.1080/09537325.2016.1268682
https://doi.org/10.1016/j.avb.2017.10.005
https://doi.org/10.1016/j.techfore.2017.11.013
https://doi.org/10.1504/IJBNN.2012.051223
https://doi.org/10.1504/IJBET.2013.055665
https://doi.org/10.1007/s10961-011-9219-6
https://doi.org/10.1016/j.techfore.2014.09.007
https://doi.org/10.1073/pnas.1510820113
https://doi.org/10.1086/286788

