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Abstract. This study suggests a new concept of technology that is a main element of the 

system of technological change in society: killer or disruptive technology is a based on new 

products and/or processes that destroys the usage of established products/processes sold 

and used. The behavior of killer technologies is operationalized here with a simple model 

that shows how new technologies substitute old ones. technologies. Several examples 

illustrate this vital concept for economics of technology that can explain the drivers of 

technological cycles and technological change in society.  Empirical evidence of this 

theoretical framework is based on data of some example technologies. Theoretical 

framework and empirical evidence hint at general properties of the behavior of killer 

technologies: a) killer technology is always associated with some comparable established 

technology in markets; b) killer technology has a disproportionate growth in relation to 

victim technology; c) in the long run, killer technology has a series of technological advances 

of its own resulting from various major and minor innovations to pave the way for the 

dominance over other established technologies in markets; d) learning via diffusion and 

diffusion by learning are driving forces  underlying the development and adoption of killer 

technology in turbulent markets. The proposed theoretical framework can explain 

industrial, economic and social change and support strategies of management of technology 

for competitive advantage of firms and nations. 
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creation, Evolution of technology, Development of technology, Technological cycles, 

Dynamics of technological innovation, Technology change, Management of technology, 

Allometric process, Learning processes. 
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1. Introduction 
his paper has three goals. The first is to define the concept of killer 

technology, a new perspective that may explain and generalize vital 

elements of technological change in turbulent markets. The second 

goal is to propose a model and provide an empirical evidence based on 

historical data of example technologies to analyze the behavior and 

characteristics of killer technologies. Finally, the third goal is to suggest 

general properties that can explain and generalize the behavior of killer 

technologies for sustaining industrial and economic change in society. 
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This study is part of a large body of research on the evolution of 

technology to explain, with a new perspective, technological, economic and 

social change (Coccia, 2017, 2018, 2019) 1 . In the research field of 

technological evolution, Hosler (1994, p. 3, original italics) argues that the 

development of technology is, at least to some extent, influenced by 

“technical choices”, which express social and political factors, and “technical 

requirements”, imposed by material properties. In this context, Arthur & 

Polak (2006, p.23) claim that: “Technology < evolves by constructing new 

devices and methods from ones that previously exist, and in turn offering 

these as possible components—building blocks—for the construction of 

further new devices and elements”. Calvano (2006) explains the role of 

specific technologies in technical change with the concept of "destructive 

creation", in which “a monopolis thas the option, at the beginning of each 

period, to destroy the usage value of all units previously sold and 

simultaneously introduce a new, perhaps improved, vintage at some cost 

c≥ 0<Such cost is interpreted as any expenditure incurred in the process of 

destruction as well as in the process of creating, developing and marketing 

the new versions”. In fact, technical change, according to Pistorius & 

Utterback (1997), can be also due toa rivalry between technologies in a 

context of competitive markets in which emerging technologies often 

substitute for more mature technologies.  

Although several contributions in these fields of research, the behavior 

and characteristics of specific typologies of technological innovations that 

generate the radical change in markets and technical change in society are 

hardly known.  

This study proposes a new concept in economics of innovation, the killer 

technologies that generate a disruptive creation in a Schumpeterian world 

oriented to continuous technological, economic and social change. Hence, 

the main aim of this article is to explain and generalize whenever possible, 

the behavior and characteristics of killer technologies within industrial 

competition. In particular, this study addresses some basic questions: what 

are the degree and rate at which new killer technologies are adopted when 

they attempt in substituting for existing victim technologies? What are the 

properties of killer technologies in a setting of competition between 

technologies in markets? And finally, what are the consequences of killer 

technologies for technical change? 

Next sections endeavor to explain how a specific typology of radical 

innovation, called killer technology, affects other technologies and generate 

corporate, industrial and economic change in society.  
 
1  For other studies about drivers and effects of science and technology in society, see 

Chagpar & Coccia, 2019; Coccia 2005, 2005a, 2005b, 2006, 2007, 2008, 2009, 2010, 2010a, 

2011, 2012, 2012a, 2012b, 2012c, 2013, 2014, 2014a, 2014b, 2014c, 2014d, 2014e, 2015, 2015a, 

2015b, 2015c, 2016, 2016a, 2016b, 2017, 2017a, 2017b, 2017c, 2017d, 2018, 2018a, 2018b, 

2018c, 2018d, 2018e, 2018f, 2018g, 2018h, 2018i, 2018l, 2018m, 2019, 2019a, 2019b, 2019c, 

2019d; Coccia & Rolfo, 2002, 2009, 2013, Coccia & Wang, 2015, 2016.  
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2. Theoretical background  
Arthur (2009, p.15ff) claimed that one of the most important problems to 

understand regarding technology is to explain how it evolves and 

generates technical change(cf., Arthur & Polak, 2006; Basalla, 1988). 

Technological evolution can be explained in economics of technology with 

theories based on processes of competitive substitution of a new 

technology for the old one (Fisher & Pry, 1971; Sahal, 1981). Theories of 

competitive substitution between technologies state that the adoption of a 

new technology is associated with the nature of some comparable older 

technology in use, such that an established technology improves when 

confronted with the prospect of being substituted by a new technology 

(Sahal, 1981; Utterback et al., 2019). In particular, when comparable 

technologies do exist, each technology tends to affect the behavior and 

evolutionary pathway of other technologies (Coccia, 2019, 2019a). Pistorius 

& Utterback (1997) argue that new technologies often supplant for more 

mature technologies in markets. This interaction between technologies is 

usually referred to as competition that leads to the dominance of a 

technology on another one in turbulent markets (cf., Berg et al., 2019; 

Moehrle & Caferoglu, 2019).  

A model that operationalizes the competition between technologies was 

suggested by Fisher & Pry (1971). This model proposes that the evolution 

of a new product/process as a substitute for a prior one can be plotted in 

the form of f / ( 1f ) as a function of time on a semi logarithmic graph, 

generating a straight line through the resulting points ( f=market share of 

the emerging product versus time; cf., Fisher & Pry, 1971, p.77). Moreover, 

if data on the absolute adoption of a new technique relative to the use of 

the old technique are plotted on double-logarithmic paper, the resulting 

trend is also approximately linear (Sahal, 1981). Fisher & Pry (1971) show 

that substitution models fit to data of competition between technologies, 

such as synthetic vs. natural fibers, synthetic vs. natural rubber, etc. In 

general, technological advances are given by competitive substitutions of 

one artifact satisfying a need for another. Fisher & Pry (1971, p.88) state 

that: “The speed with which a substitution takes place is not a simple 

measure of the pace of technical advance < it is, rather a measure of the 

unbalance in these factors between the competitive elements of the 

substitution”.  

The competition between technologies can also generate a predator-prey 

relation, where one technology enhances the growth rate of the other but 

the second inhibits the growth rate of the first (Pistorius & Utterback, 1997, 

p.74). In particular, a predator-prey relationship can exist in the presence of 

competition between an emerging technology and a mature technology in a 

niche market. In this case, emerging technology will benefit from the 

presence of mature technology. At the same time, emerging technology 

may slowly reduce market share of mature technology. In this context, 

Pistorius & Utterback (1997, p.72) argue that: “Pure competition, where an 

emerging technology has a negative influence on the growth of a mature 
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technology, and the mature technology has a negative influence on the 

growth of the emerging technology”. Farrell (1993) used a model based on 

Lotka-Volterra equations to examine this competition between 

technologies, such as nylon versus rayon tire cords, telephone versus 

telegraph usage, etc. Utterback et al., (2019) show a predator-prey relation 

in a specific period between plywood and Oriented Strand Board (OSB is a 

composite of oriented and layered strands, peeled from widely available 

smaller trees). In short, on the one hand, a predator-prey interaction has 

emerging technology in the role of predator and the mature technology as 

the prey. On the other hand, one can also visualize a situation where the 

mature technology is the predator and the emerging technology is the prey 

(Pistorius & Utterback, 1997, p.78).  

In general, competition is often embodied in substitutes, which have a 

powerful force in markets to improve products and processes and generate 

technical change. Porter (1980) considers substitutes as one of the five 

forces of industrial competition. These approaches oriented to competition 

between technologies seem to be appropriate to explain technological 

advances of specific product and process innovations in turbulent markets. 

In this research field, the study here proposes a new concept, the killer 

technology, that seeks to explain the behavior and characteristics of specific 

radical innovations in the dynamics of industrial competition. In particular, 

the behavior of killer technologies is especially relevant to explain how a 

new technology destroys established technologies, enhances dynamic 

capabilities and competitive advantage of leading firms and generates 

technical change in society (cf., Teece et al., 1997; Porter, 1980). 

The primary goal of this study is to define the concept of killer 

technology; and that definition should meet the conditions of 

independence, generality, epistemological applicability and empirical 

correctness (Brandon, 1978). The following premises support the proposed 

theory here:  

a) Technology is a complex system of artifact that is composed of more 

than one element and/or sub-system and a relationship that holds 

between each element and at least one other element in the system. 

Technology, produced and used by living systems, is selected and 

adapted in Environment E (such as market), considering technical and 

economic characteristics to satisfy needs, achieve goals and/or solve 

problems in society. 

b) Radical innovations are the result of a research and development 

activity (in firms, universities and/or government labs) that generates a 

discontinuous change in the evolutionary pathway of technologies, 

affecting the growth of a sector or giving rise to new sectors. Radical 

innovations of product are for instance contraceptive pills, smart 

phones, contact lens, etc., whereas radical innovations of process are 

oxygen steelmaking process, Solvay process, etc. Radical innovations 

generate big improvements in the cost and quality of products and/or 

processes to satisfy needs of users and/or solve problems in society. 
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c) In the long run, the behavior and evolution of any technology is not 

independent from the behavior and evolution of other technologies 

(Coccia, 2019, 2018a). 

 

Definition of killer technology  

Killer technology is a radical innovation, based on new products and/or 

processes, that with high technical and/or economic performance destroys 

the usage value of all established techniques or technological devices 

previously sold, generating improvements in technical choices, costs and 

quality to sustain competitive advantage of firms, satisfy needs of people 

and/or solve problems in society.  

 

Remark: a killer technology in the maturity phase of the cycle of 

development can change its status in victim technology because of new 

technologies that, in turn, become killer technologies. 

 

2.1. Examples of disruptive technologies in the history of 

technology 
Sahal (1981, p.79ff) explains the diffusion of steamship and sailing ship 

from 1850s. The competition between steamship and sailing ship generates 

in the first phase an improvement of sailing ships by a number of 

incremental innovations (Graham, 1956). However, steamship in the long 

run has sequential radical technological advances based on substitution of 

the screw propeller for the paddle wheel, the development of compound 

engine, the application of steel in place of iron, the adoption of high 

pressure triple expansion engine that reduces the fuel consumption of 

steamships and increases the speed of service, etc.  (Gilfillan, 1935). This 

competition generates in the long run a dominance of steamships, as killer 

technologies, over sailing ships as means of transportation of goods and 

people (cf., Rosenberg, 1976).  

Another main example of killer technology is the diffusion of Solvay 

process that in the 1900s destroys the Leblanc process in the production of 

soda. In particular, the competition between these innovations generates, in 

the long run, vital technological advances of Solvay process and the advent 

of this new process technology in the manufacturing sector of soda 

(Freeman, 1974).  

In agriculture, the plowing is one of the most energy-consuming 

operations (Walker, 1929). The farm tractor is a killer technology that 

generates a substitution of mechanical for animal power. In fact, farm 

tractor is a general-purpose technology in agriculture that can be applied 

for plowing and a wider range of farm operations (Sahal, 1981).  

A final example is storage devices. Sony corporation introduced in 1983 

micro diskettes: 3.5-inch floppy disks that remained a popular medium of 

storage for many years, but they decline by the mid-1990s (Coccia, 2018b; 

Mee & Daniel, 1996). The development of a new storage device based on 
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Universal Serial Bus (USB) technology began in 1995 by Intel to standardize 

the connection of computer peripherals (Coccia, 2018b). The USB 1.0 in 

1995 transferred data at a rate of 12 megabits (MB/s) per second. This new 

technology in interaction with host technologies, such as Personal 

Computers (PCs), destroys the markets of floppy disks because of more 

efficient operations of storage, higher velocity of transfer data (in USB 3.0 is 

about 800 MB/s) and of storage capacity up to 4TB in 2019 for portable 

storage (Coccia, 2018, 2018b, 2019, 2019a). In 1998, the Personal Computer 

iMac G3 by Apple Inc. was the first consumer computer to discontinue 

legacy ports (serial and parallel) in favor of USB technology (Coccia, 

2018b). This innovation strategy by Apple Inc., a market leader, helped to 

pave the way for a market of solely USB peripherals rather than other ports 

for storage devices, such that USB devices and other portable storage, in the 

role of killer technologies, have destroyed the use of 3.5-inch floppy disks, 

Compact Disc, etc., generating a market shift and industrial change (Coccia, 

2019). 

 

2.2. Suggested model of killer or disruptive technology 
The second goal of this study is to operationalize the behavior of killer 

technology vs.victim technology proponing a simple model of technological 

growth of a killer technology Kl (a new radical technology) in relation to a 

victim technology V (established technology). This approach is based on 

the biological principle of allometry that was originated in zoology to study 

the differential growth rates of the parts of a living organism’s body in 

relation to the whole body (cf., Reeve & Huxley, 1945). Sahal (1981) applies 

this model to explain patterns of technological innovation with interesting 

results for spatial diffusion of technology.  

The general model here is based on following assumptions.  

(1) Suppose the simplest possible case of only two technologies, V 

(victim technology or established technology) and Kl (a killer technology or 

new technology).  

(2) Let Kl(t) be the level of a killer technology Kl at the time t and V(t) 

be the level of a victim technology V at the same time. 

Suppose that both Kl and V evolve according to some S-shaped pattern 

of technological growth, such a pattern can be represented analytically in 

terms of the differential equation of logistic function. For V, victim 

technology, the starting equation is:  

 

 VK
K

b

dt

dV

V
 1

1

11
 

 

The equation can be rewritten as:  

 

 
dtbdV

VKV

K
1

1

1 1



 

https://en.wikipedia.org/wiki/Computer_peripheral
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The integral of this equation is: 

 

  tbAVKV 11loglog   

tba
V

VK
11

1log 


 

 tba

K
V

11

1

exp1 
  

 

tba 11   and t = abscissa of the point of inflection.  

The growth of V(t) can be described respectively as: 

 

tba
V

VK
11

1log 


       (1) 

 

Mutatis mutandis, for killer technology Kl(t) the equation is: 

 

tba
Kl

KlK
22

2log 


       (2) 

 

The logistic curve here is a symmetrical S-shaped curve with a point of 

inflection at 0.5K with 2,1a are constants depending on initial conditions, 

2,1K  are equilibrium levels of growth, and 2,1b  are rate-of-growth 

parameters (1= victim technology: V; 2= killer technology: Kl).  

Solving equations [1] and [2] for t, the result is: 
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The expression generated is: 

 

2

1
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1
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b

b
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C
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
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
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
       (3) 

 

Equation [3] in a simplified form is C1=exp[b1(t2-t1)] with a1=b1t1 and 

a2=b2t2 (cf. Eqs. [1] and [2]); when Kl and V are small in comparison with 

their final value, the model of evolutionary growth of killer technology in 

relation to victim technology is given by: 

 
BVAKl )(          (4) 
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The logarithmic form of the equation [4] is a simple linear relationship:  

 

VBAKl logloglog         (5) 

 

B  is the coefficient of growth that measures the evolution of technology 

Kl (killer) in relation to V (victim technology).  

This model of the evolution of killer technology [5] has linear 

parameters that are estimated with the Ordinary Least-Squares Method. 

The value of 𝐵
>

<
 1 in the model [5] measures the relative growth of Klin 

relation to the growth of V and it indicates different patterns of 

technological evolution:  

In particular,  

 1B , whether technology Kl destroys at a lower relative rate of change 

victim technology over the course of time (under-development of killer 

technology).   

 B  has a unit value: 1B , then the killer technology Kl kills and 

substitutes victim technology at a proportional rate of change 

(proportional growth of killer technology).    

 1B , whether killer technology Kl kills victim technology at greater 

relative rate of change over the course of time (development of killer 

technology).  

Overall, then, the coefficient B of growth can be a metric for analyzing 

the behavior of growth of killer technology in relation to victim technology 

in markets. 

 

3. Study design 
3.1. Data and samples 
The analysis of killer technology is measured here using historical data 

of four example technologies (three for US market and one for Canada 

market): 

 Farm tractor in the USA, 1920-1960 period 

 Hydro-and Thermoelectric power in Canada, 1917-1972 

 Diesel-powered tractors in the USA, 1955-1971 

 Technologies for recorded music in the USA, 1973-2018 (Cassette, CD 

and streaming technology) 

US and Canadian national systems of innovation are vital cases study to 

show general patterns of the evolution of technology across advanced 

economies (Steil et al., 2002). Sources of data for three technologies are 

tables published by Sahal (1981, pp.319-350, originally sourced from trade 

literature). In the case of recorded music technology, the source is 

Recording Industry Association of America (RIAA) which provides data on 

U.S. recorded music revenues and shipments dating all the way back to 

1973 (RIAA, 2019). Note that data from the earliest years and also the war 

years are sparse for some technologies. Moreover, in all of these examples, 

the first year represented is not the year of invention (cf., Sahal, 1981; 
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RIAA, 2019). 

 

3.2. Measures of variables 
1. Farm tractor in the USA, 1920-1960 period 

 Growth in the number of tractors on farms in thousands (mechanical 

power):killer technology (Kl) 

 Number of horses on farms in thousands (animal power):victim 

technology (V) 

2. Hydro-and thermoelectric generating units in Canada, 1917-1972. In 

particular, thermal power is studied in relation to the growth of 

hydroelectric power. Note that the growth of thermal power reflects the 

diffusion of both fossil fuel and nuclear power units (Sahal, 1981, p. 91). 

The specific measures of this technology are given by: 

 Thermoelectric power in installed capacity in megawatts (MW):killer 

technology (Kl) 

 Hydropower in installed capacity in megawatts (MW):victim technology 

(V) 

3. Diesel-powered tractors in the USA, 1955-1971 period 

 Annual production of diesel-powered tractors: killer technology (Kl) 

 Annual production of gasoline powered tractors: victim technology 

(V) 

4. Cassette, CD and streaming technologies for recorded music in the 

USA, 1973-2018 period 

First phase: 

 Recorded music revenues in millions $ (adjusted for inflation, 2018 

Dollars) of CD as killer technology (Kl) 

 Recorded music revenues in millions $ (adjusted for inflation, 2018 

Dollars) of Cassettes as victim technology (V) 

Second phase: 

 Recorded music revenues in millions $ (adjusted for inflation, 2018 

Dollars) of streaming as killer technology (Kl). Note that streaming 

technology is measured here including different modes: paid 

subscription, on-demand streaming, other Ad-supported streaming, 

sound exchange distributions and limited tier paid subscription.  

 Recorded music revenues in millions $ (adjusted for inflation, 2018 

Dollars) of CD as victim technology (V) 

Remark: values are at recommended or estimated list price (cf., RIAA, 

2019).  

 

These measures of technology can indicate the pathway of the evolution 

of technology in a context of competition in markets.  

 

3.3. Model and statistical analysis  
Model [5] of the killer technology is specified as follows: 

 

LogKlt = loga + B log Vt + ut       (6)  
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a is a constant; log has base e= 2.7182818; t=time; ut = error term  

Klt is a measure of the growth of killer technology in markets 

Vt is a measure of the growth of victim technology in markets 

 

The equations of simple regression [6] are estimated using the Ordinary 

Least Squares method. Statistical analyses are performed with the Statistics 

Software SPSS version 24. 

 

4. Statistical analyses 
4.1. Case study A: farm tractor technology 

 
Table 1. Parametric estimates of the model of killer technology based on farm tractor 

technology, 1920-1960 period in U.S. market 

Note: *** significant at 1‰; Explanatory variable is log Number of horses on farms in thousands as 

victim technology (animal power) 

 

 
Figure 1. Trend and estimated relationship of the growth of farm tractor technology, 1920-

1960 period in U.S. market 

 

 

 

 

 

Dependent variable: log number of tractors on farms in thousands as  killer technology(mechanical power) 

 

Constant 

 

(St. Err.) 

coefficient 

=B 

(St. Err.) 

R2 adj. 

(St. Err. 

of the Estimate) 

F 

(sign.) 

Farm tractor  20.36*** 

(0.69) 

1.42*** 

(0.08) 

0.90 

(0.26) 

352.20 

(0.001) 
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4.2. Case study B: thermoelectric generating units 
Table 2. Parametric estimates of the model of killer technology based on thermoelectric 

generating units, 1917-1972 period in Canadian market 

Note: *** significant at 1‰; Explanatory variable is log total installed capacity of hydroelectric power in 

MW as victim technology 

 

 
Figure 2. Trend and estimated relationship of the growth of thermoelectric generating 

units,1917-1972 period in Canadian market 

 

4.3. Case study C: diesel-powered tractors 
 

Table 3. Parametric estimates of the model of killer technology based on diesel-powered 

tractors, 1955-1971 period in U.S. market 

Note: ***significant at 1‰; Explanatory variable is logproduction of gasoline-powered tractors as victim 

technology 

 

Dependent variable: log total installed capacity of thermal power in MW as  killer technology   

 

Constant 

 
(St. Err.) 

Coefficient 

=B 

(St. Err.) 

R2 adj. 

(St. Err. 

of the Estimate) 

F 

(sign.) 

Thermoelectric generating units  6.06*** 

(0.69) 

1.46*** 

(0.08) 

0.87 

(0.53) 

358.64 

(0.001) 

Dependent variable: log annual production of diesel-powered tractors as killer technology  

 

Constant 

 

(St. Err.) 

Coefficient 

=B 

(St. Err.) 

R2 adj. 

(St. Err. 

of the Estimate) 

F 

(sign.) 

Diesel-powered tractors 20.21*** 

(2.08) 

0.76*** 

(0.18) 

0.52 

(0.38) 

18.24 

(0.001) 
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Figure 3. Trend and estimated relationship of the growth of production of diesel-powered 

tractors, 1955-1971 period in U.S. market 

 

The parametric estimated relationships in Tabb.1-3 and represented in 

Figs. 1-3 show that the significance of the coefficients and the explanatory 

power of equations are very high. The R2 adj. isalso very high and two 

models explain more than 85% variance in the data, whereas model of 

diesel-powered tractors explains more than 50% of variance.  

The results show that the relative growth rate (measured with coefficient 

of regression) of killer technology is significantly different from unity, 

indicating that the disruption of new technology for the other one generally 

involves a process of disproportionate growth of one in relation to the 

other. In particular, results suggest that farm tractor in the USA with B= 

1.42 (i.e., <1) destroys at a lower relative rate of change the animal power 

of horsesin agricultural operations. The diesel-powered tractors in the 

United States have also,over 1955-1971, a negative coefficient B=0.76, such 

that this technology substitutes (i.e., kills) gasoline-powered tractors at 

lower rate of change. Finally, the competition between hydro and 

thermoelectric power in Canada over 1917-1972 has B=1.46 that is >1, 

suggesting that thermoelectric generating unitsdestroy hydroelectric power 

at a greater relative rate of change over the course of time (development of 

killer technology).  

 

4.4. Case study D: Technology in recorded music with competition 

of cassette vs. CD and of CD vs. streaming technology 
An interesting case study is recorded music industry in the United 

States. From 1973 to 2018, the technological trajectories for delivering 

sound­included music­have had radical changes.  

In particular, during the 1970s and 1980s, the most common 

technological device to deliver music was compact cassettes based on 
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analog magnetic tape for audio recording and playback. This product 

innovation was developed by Philips company, released in 1962 and 

introduced in the USA in 1964. Engineers began to work on techniques to 

increase the sound quality of cassette tapes, such as Ray Dolby that 

developed in 1968 a technology called Dolby noise reduction. These 

technological advances associated with cheaper prices and a higher 

performance of cassette than 8-track tapes (a tape cartridge introduced by 

William Lear in 1965 to be used in cars) led cassette tapes to be a dominant 

technology on 8-track tapes in the mid-1970s and in the early 1980s.  

However, the emerging technology of compact audio disc (CD) co-

developed by Philips and Sony and launched in 1982 generates a market 

shift (BBC News, 2007). CD is a digitaloptical disc data storage format 

originally developed to store and play only sound recordings but it was 

later adapted also for storage of other data (Coccia, 2018b). In the mid-

1990s and in the early 2000s the sound quality of CD led this technology to 

be the dominant one in market, overtaking cassette sales from 1991 to 2005 

(RIAA, 2019). 

The revolution of Information and Communication Technologies (ICTs) 

has generated other new technologies for market of recorded music, based 

on transmission of video/audio information over the Internet, such as: 

Download mode. The content file is completely downloaded and then 

played. This mode requires long downloading time for the whole content 

file and needs a hard disk space. 

Streaming mode. The content file is not required to be downloaded 

completely and it is playing while parts of the content are being received 

and decoded. 

In particular, the video streaming technology delivers audio and video 

over the Internet to reach many customers using their personal computers, 

personal digital assistants, mobile smartphones or other streaming devices. 

The growth of streaming technology is due to broadband networks, 

efficient techniques of video and audio compression, a higher quality and 

variety of audio and video services over Internet. A streaming media 

player can be either an integral part of a browser, a plug-in, a separate 

program, or a dedicated device, such as Apple TV, iPod, etc. For streaming 

technology UDP/IP (User Datagram Protocol/Internet Protocol) is used to 

deliver the multi-media flow as a sequence of small packets. The 

application of layer protocol RTP/RTSP (Real-time Transport Protocol /Real 

Time Streaming Protocol), which is implemented on top of UDP/IP, 

provides an end-to-end network transport for video streaming.  

There are many modes of streaming video content distribution (cf., 

RIAA, 2019): 

- Sound Exchange Distributions based on payments to performers and 

copyright holders for digital radio services under statutory licenses 

- Paid Subscription includes streaming, tethered, and other paid 

subscription services not operating under statutory licenses 

- Limited Tier Paid Subscription includes streaming services with 

https://en.wikipedia.org/wiki/Philips
https://en.wikipedia.org/wiki/Sony
https://en.wikipedia.org/wiki/Digital_media
https://en.wikipedia.org/wiki/Digital_media
https://en.wikipedia.org/wiki/Digital_media
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interactivity limitations by availability, device restriction, catalog 

limitations, on demand access, or other factors 

- On-Demand Streaming includes Ad-supported audio and music video 

services not operating under statutory licenses 

- Other Ad-supported Streaming includes revenues paid directly for 

statutory services that are not distributed by Sound Exchange and not 

included in other streaming categories. 

This case study focuses on a period in which there are data of 

technologies in competition. 

 

Phase 1. CD as killer technology of Cassette technology 

 
Table 4. Parametric estimates of the model of killer technology based on CD technology, 

1984-2008 period in U.S. market  

Note: *** significant at 1‰; * significant at 1%; Explanatory variable is log annual recorded music 

revenues of cassette (value adjusted for inflation, 2018 dollars) as victim technology 

 

 
Figure 4.  Fit line and estimated relationship of the growth of recorded music 

revenues (value adjusted for inflation, 2018 dollars) of CD technology (killer 

technology) on Cassette technology (victim technology), 1984-2008 period in U.S. 

market (log scale) 

 

 

 

Dependent variable: log annual recorded music revenues of CD (value adjusted for 

inflation, 2018 dollars) as killer technology   

 

Constant 

 

(St. Err.) 

Coefficient 

=B 

(St. Err.) 

R2 adj. 

(St. Err. 

of the Estimate) 

F 

(sign.) 

CD technology 9.8* 

(4.72) 

2.1*** 

(0.55) 

0.51 

(0.64) 

14.38 

(0.003) 
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Phase 2. Streaming technology as killer technology of CD technology (2004-

2018) 

 
Table 5. Parametric estimates of the model of killer technology based on streaming 

technology, 2004-2018 period in U.S. market  

Note: *** significant at 1‰; Explanatory variable is log annual recorded music revenues of CD 

technology (value adjusted for inflation, 2018 dollars) as victim technology.  Note that streaming 

technology is measured here including recorded music revenues of different modes: paid subscription, 

on-demand streaming, other Ad-supported streaming, sound exchange distributions and limited tier 

paid subscription.  

 

The parametric estimated relationship in Tab. 4 and represented in Fig. 4 

shows that the significance of the coefficients and the explanatory power of 

equationare high. The R2 adj. is also high and model of CD technology as 

killer technology on Cassette technology explains more than 50% variance 

in the data (Tab. 4). The results show that that CD technology in the USA 

with B= 2.1 (i.e., >1) has destroyed at a high relative rate of change the 

market of cassette technology (period 1984-2008).  

Tab. 5 and Fig. 5 show results of the second phase under study based on 

a shorter period (from 2004 to 2018 =14 years). Streaming technology in this 

period is still in the phase of development, such that it is destroying CD 

technology in markets at a lower rate of change (B=1.28, that is <1).  

 

 
Figure 5. Fit line and estimated relationship of the growth of recorded music revenues 

(value adjusted for inflation, 2018 dollars) of Streaming technology on Cassette technology, 

2004-2018 period in U.S. market (log scale). Note that streaming technology is measured 

Dependent variable: log annual recorded music revenues of streaming technology (value 

adjusted for inflation, 2018 dollars) as  killer technology   

 

Constant 

 

(St. Err.) 

Coefficient 

=B 

(St. Err.) 

R2 adj. 

(St. Err. 

of the Estimate) 

F 

(sign.) 

Streaming technology 17.22*** 

(0.67) 

1.28*** 

(0.08) 

0.95 

(0.27) 

240.01 

(0.001) 
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here including different modes: paid subscription, on-demand streaming, other Ad-

supported streaming, sound exchange distributions and limited tier paid subscription. 

 

The study shows that the U. S. recorded music revenues of streaming 

technologies have overtaken CD technology in 2015 with $2,400 millions vs. 

$1,400 millions. This short run of data analyzed (i.e., 2015-2018) justifies a 

lower rate of change with which this killer technology (i.e., streaming 

technology in the initial phase of development)is destroying the victim 

technology of CD. Instead, in the first phase, the long term period of 

substitution of CD technology on Cassette technology, started in 1991 with 

recorded music revenues of $4,300 million of CD vs. $3,000 millions of 

Cassette (about 17 years recorded, from 1991 to 2008), it explains the high 

rate of substitution of CD as killer technology on Cassette as victim 

technology. 

o Theoretical and empirical laws of killer technology in the market of 

recorded music 

The analysis of recorded music industry shows the evolution of different 

product innovations and new technologies given by (cf. Tab. 6):  

8-track(1965-1982)cassette (1964-2005)CD (1983-2018)Download 

technology (2004-in progress) streaming technology(2005-in progress). 

 

Table 6 – Average period of killer technology to destroy more than 50% of 

total revenue of established technology in recorded music industry of U.S. 

market 

Established 

Technology 

in market  

of recorded 

music 

Year of the 

introduction 

of 

established 

technology 

 

New killer 

technology 

in market  

of 

recorded 

music  

Year in which new 

technology destroys 

more than 50% of the  

revenue of established 

technology 

% 

 of recorded 

music 

revenues of 

established 

technology 

Peak  

of revenues 

(established 

technology) 

M 

Ending of 

revenues 

(established 

technology) 

Z 

Disruption Period 

(DP in years)  

of established 

technology 

via 

new killer 

technology  

DP=ZM 

8-track 1965 Cassette 1980 42.80 in 1980 1978 1982 4 

Cassette  1964 CD 1991 41.00 in 1991 1990 2005 15 

CD 1983 Download 2012 45.20 in 2012 2001 2018 17 

CD 1983 Download+ 

Streaming 

2011 46.60 in 2011    

        

Download  2004 Streaming 2015 49.98 in 2015    

   Average values 45.12% Average values 12 years 

   Standard Deviation (SD) 3.47% Standard Deviation (SD) 7 years 

Note: elaboration on data by RIAA (2019); Disruption periodof established technology is MZ = year 

with ending of revenues  year with the peak of revenues. 

 

The analysis of this market with the perspective of killer technologies 

suggests the following theoretical and empirical laws within technological 

change: 

o The first economic law of technological disruption states that a new 

technology destroys the established technology, overtaking the percentage 

of total revenue in market, in an average period of 12 years (SD=7years).  

Proof.   
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Table 6 is the empirical evidence of this law, showing the average 

duration of disruption phase of killer technologies on victim technologies 

in recorded music market.  

The analysis of data by RIAA (2019) also shows different technological 

cycles driven by different radical innovations introduced in U.S. recorded 

music market.  

The first technological cycle is due to 8-track tape introduced by William 

Lear in 1965 (using previous technology of tape cartridge introduced in 

1958 by the Radio Corporation of America-RCA-Records Label) to be used 

in cars and supported by a growing automotive industry. The peak of 8-

track tape measured with U.S. recorded music revenues is achieved in 1978 

(RIAA, 2019), after 13 years of its introduction. However, in 1964 is also 

introduced in U.S. recorded market the cassette technology developed by 

Phillips company. This new technology has destroyed 8-track tape in 1982 

with a disruption period of 4 years, given by difference between year with 

ending of revenues of 8-track tape and year with the peak of revenues (i.e., 

1982 1978=4years; cf., Tab. 6). The length of technological cycle of 8-track 

tape is 17 years (from 1965 to 1982; cf., Tab. 7).  

The second technological cycle is due to cassette technology that started in 

U.S. recorded music market in 1964 and achieved the peak in 1990. 

However, it is destroyed by killer technology of CD in 2005. The length of 

technological cycle of cassette technology is about 41 years, given by 

difference between year with the starting of revenues  year with the 

ending of revenues (cf., Tab. 7).  

The third technological cycle is by CD that achieves the peak in 2001, after 

18 years from its introduction in 1983. In 2018 this technology is almost 

destroyed by new technologies of download and video streaming. CD 

technology in 2018 has a mere $698.4 million of revenue on a total of $9,846 

million in U.S. recorded music market. The length of technological cycle of 

CD technology is about 35 years, whereas the disruption period is about 17 

years (cf., Tabb. 6-7).  

The on-going fourth technological cycle of recorded music market is due to 

download and streaming technology introduced in the mid-2000s. 

However, download mode has had the peak in 2012, after 8 years from its 

introduction in 2004, and now it has a phase of decline because of 

streaming technology that is growing, driven by many technical advances, 

growing video-sharing websites and general advantages for consumer use 

(cf., Tab. 7).  

 
Table 7. Technological cycles in the U.S. recorded music industry  

 
 Up wave Down wave      

 

Technological wave  

in U.S. recorded  

music market 

A 

begin of 

revenues  

M 

peak of 

revenues 

Z 

end of 

revenues 

AM 

length 

upwave 

years 

=M-A 

MZ  

length 

downwave 

years (1) 

=Z-M  

AZ length 

cycle 

years =Z-

A 

 

(M / AZ 

% 

 

MZ / AZ 

% 

1 8-track tape technology 1965 1978 1982 13 4 17 76.47 23.53 

2 Cassette technology 1964 1990 2005 26 15 41 63.41 36.59 

https://en.wikipedia.org/wiki/RCA
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3 CD technology 1983 2001 2018 18 17 35 51.43 48.57 

4 Download technology 2004 2012 * 8 - - - - 

4 Streaming technology 2005 * * - - - - - 

  Arithmetic mean years 19.00 12.00 31.00 63.77% 36.23% 

  Standard Deviation (SD) years 6.56 7 12.49   

Note. * is a technology in progress; elaboration on data from RIAA (2019); Disruption period of 

established technology is MZ = year with ending of revenues of technology  year with the peak of 

revenues; length of technological cycle of technology is AZ= year with the starting of revenues  year 

with the ending of revenues. 

 

These empirical results in Tab. 7 suggest other empirical law for killer 

technologies: 

o The second law states that upwave of technological cycle is longer 

than downwavephase (asymmetric path of technological cycle).  

Proof. 

The analysis of three technological cycles (8-track tape, cassette and CD 

technology) shows that up wave has an average duration of 19 years 

(SD=6.56y), whereas down wave phase has an average duration of 12 years 

(SD=7y). Average duration of technological cycle in recorded music market 

is about 31 years (Tab. 7). In particular, results show that technological 

cycles have an average upwave duration equal to 63.77% of wavelength, 

whereas the average downwave duration is shorter: about 36.23% of 

overall wavelength.  

Remark. Coccia (2010) showed that economic long waves have not a 

symmetric and regular dynamics but they have asymmetric paths with 

longer periods of upwave than downwave over time.  

 

o The third law states that killer technology destroys faster 

established technology when the period of introduction of killer technology 

is close to the introduction period of established technology.  

Proof. 

8-track tape is introduced in 1965, whereas cassette technology in 1964 (1 

year before) such that killer technology of cassette has destroyed 8-track 

technology in about 4 years from its peak of revenue (see Tabb. 6-7). The 

comparison of CD versus cassette shows that CD is introduced in about 

1983, after 19 years from cassette (introduced in1964). CD technology has 

destroyed cassette in 15 years. Mutatis mutandis, download and streaming 

technologies are both introduced in recorded music market in 2004-2005; 

results show that streaming technology as killer one is destroying very fast 

the download mode in U.S. recorded music market. In 2018, download 

mode has $1,037 million revenue accounted for 10.53% of total revenue 

($9,846), whereas streaming technology has about 75% of total revenues in 

U.S recorded music market (i.e., $7,367 on a total of $9,846).   

The findings here can be explained with the critical role of killer 

technologies that have technical and economic performance higher than 

other established technologies, generating a destruction of other 

technologies in markets. This technological behavior can be due to 

ambidexterity learning processes of killer technology, given by: 
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­ “learning via diffusion” (Sahal, 1981, p. 114, Italics added) in which 

the increased adoption of a technology supports the path for improvement 

in its technical characteristics (i.e., technological advances).  

­  “diffusion by learning” that improvement in the technical 

characteristics of a technology enhances the scope for its adoption over the 

course of time (Sahal, 1981, p. 114, Italics added). 

 

5. Discussion and conclusions 
The concept of competition is frequently used to explain the diffusion 

and evolution of innovation and technology in industrial economics (Fisher 

& Pry, 1971; Porter, 1980; Utterback et al., 2019). The competition between 

technologies leads to a process of disruptive creation that generates 

technological and economic change over time (Calvano, 2006). In 

particular, a vital radical innovation in the dynamics of disruptive creation 

is the killer technology that may explain and generalize characteristics of 

the competition between technologies that generates competitive 

advantage of firms and technical change in society. Killer technology tends 

to affect the behavior of other technologies, generating in the long run a 

process of actual substitution of a new technique for the old (victim 

technology), and as a consequence, technical change in socioeconomic 

systems.  

The third goal of this study stated in the introduction is to suggest the 

properties of killer technologies in industrial competition, based on 

proposed theoretical framework and empirical evidence, given by: 

1. The nature and significance of killer technology is always associated 

with some comparable established technology in markets 

2. The growth of killer technology is generally an allometric process of 

growth given by a disproportionate growth of killer technology in relation 

to the victim technology.  

3. In the short run, killer technology can induce incremental 

technological advances of established technologies that have a prospect of 

being supplanted by a (new) killer technology. 

4. In the long run, killer technology has a series of technological 

advances of its own resulting from various major and minor innovations to 

pave the way for the dominance over other established technologies in 

markets.  

5. The long-run behavior and evolution of any killer technology is not 

independent of the behavior of other inter-related technologies.   

6. The ambidexterity learning processes based on learning via diffusion 

and diffusion by learningare a driver underlying the development and 

adoption of killer technology versus victim technology in turbulent 

(complex and fast changing) markets. 
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7. The competition between killer technology and victim technology is 

a function of their inter-related patterns of growth and environment with 

socioeconomic, political and institutional change (Coccia, 2019a)2.  

The study documented here makes a unique contribution, for the first 

time to our knowledge, by showing the behavior and characteristics of a 

critical radical innovation (killer technology) in the process of creative 

disruption and how these killer technologies compete with established 

technologies to achieve the dominance in markets and generate technical 

change in society. The theory here suggests a simple model that can predict 

the degree and rate at which killer technologies are adopted when they 

attempt in substituting for existing victim technologies. 

These results suggest general properties that can support innovation 

strategy of firms on critical decisions of when to invest in R&D of new 

killer technologies, abandon the old technology or pursue an intermediate 

level of R&D investment between old and new technology for sustaining 

and safeguarding competitive advantage in turbulent markets. 

In general, the study here suggests a theoretical framework to explain 

one of the characteristics of the competition between technologies that 

generates technological change in society.  

However, the idea of a killer technology in markets is adequate in some 

cases but less in others because of the diversity of technologies in 

socioeconomic ecosystems (cf., Coccia, 2018, 2019b; Pistorius & Utterback, 

1997). Nevertheless, this study keeps its validity in explaining and 

predicting several phenomena of the competition between technologies in 

turbulent markets with final dominance of vital technologies that generate 

technical, economic and social change (cf., Berg et al., 2019; Grodal et al., 

2015; Kauffman & Macready, 1995, p. 27ff).  

The theoretical framework of killer technology is a reasonable starting 

point for understanding universal drivers of technical change, though 

theory hereof coursecannot predict any given behavior and 

characteristics of specific technologies in technological change. We know, 

de facto, that other things are often not equal over time and space in the 

domain of technology.  

Overall, then, the proposed theory here may lay the foundation for 

development of more sophisticated concepts and theoretical frameworks in 

economics of innovation. These findings here, de facto, can encourage 

further theoretical exploration in the terra incognita of the competition 

between technologies that generates disruptive creation for technological 

and economic change in society. Future efforts in this research field will be 

directed to provide further empirical evidence, also considering 

dependency-network framework between technologies to better explain the 

nature and behavior of killer technologies in markets (cf., Mazzolini et al., 
 
2  Patterns of technological innovation are affected by manifold factors such as R&D 

investment, level of democracy, predominant religion, growth rate of population, etc. (cf. 

studies by Calabrese et al., 2005; Cavallo et al., 2014; Coccia, 2005, 2009, 2010a, 2011, 2012, 

2013, 2014, 2014a, 2014b, 2014c, 2015, 2015a, 2015b, 2016, 2016a, 2017a, 2018c, 2018d).  
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2018; Iacopini et al., 2018). To conclude, identifying a generalizable theory 

to explain the behavior and characteristics of new typologies of 

technological innovation within industrial competition is a non-trivial 

exercise. In fact, Wright (1997, p.1562) properly claims that: “In the world of 

technological change, bounded rationality is the rule.”  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Journal of Economic and Social Thought 

 M. Coccia, JEST, 6(4), 2019, p.252-277. 

273 

273 

References 
Arthur, B.W. (2009). The Nature of Technology. What it is and How it Evolves, Free Press, Simon 

& Schuster. 

Arthur, B.W., & Polak W. (2006). The evolution of technology within a simple computer 

model, Complexity, 11(5), 23-31. doi. 10.1002/cplx.20130 

Basalla, G. (1988). The History of Technology, Cambridge University Press, Cambridge. 

BBC News. (2007). Compact Disc Hits 25th birthday, 17 August 2007. [Retrieved from]. 

Berg, S., Wustmans M., & Bröring S. (2019). Identifying first signals of emerging dominance 

in a technological innovation system: A novel approach based on patents, Technological 

Forecasting and Social Change, 146, 706-722. doi. 10.1016/j.techfore.2018.07.046 

Brandon, R.N. (1978). Adaptation and evolutionary theory. Studies in the History and 

Philosophy of Science, 9(3), 181-206. 

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 

https://doi.org/10.1002/cplx.20130
http://news.bbc.co.uk/2/hi/technology/6950845.stm,%20retrieved%2018%20June%202017
https://www.sciencedirect.com/science/article/pii/S0040162518301744?dgcid=raven_sd_via_email#!
https://www.sciencedirect.com/science/article/pii/S0040162518301744?dgcid=raven_sd_via_email#!
https://doi.org/10.1016/j.techfore.2018.07.046
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


Journal of Economic and Social Thought 

 M. Coccia, JEST, 6(4), 2019, p.252-277. 

274 

274 

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 

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 

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
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


Journal of Economic and Social Thought 

 M. Coccia, JEST, 6(4), 2019, p.252-277. 

275 

275 

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 

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. 

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
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


Journal of Economic and Social Thought 

 M. Coccia, JEST, 6(4), 2019, p.252-277. 

276 

276 

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. (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). Theorem of not independence of any technological innovation, Journal of 

Economics Bibliography, 5(1), 29-35. 

Coccia, M. (2018e). Theorem of not independence of any technological innovation, Journal of Social 

and Administrative Sciences, 5(1), 15-33. 

Coccia, M. (2018f). Competition between basic and applied research in the organizational 

behaviour of public research labs, Journal of Economics Library, 5(2), 118-133. 

Coccia, M. (2018g). An introduction to the methods od inquiry in social sciences, Journal of Social 

and Administrative Sciences, 5(2), xxx-xxx. 

Coccia, M., & Bellitto, M. (2018). Human progress and its socioeconomic effects in society, Journal 

of Economic and Social Thought, 5(2), 160-178. 

Coccia, M., & Igor, M. (2018). Rewards in public administration: a proposed classification, Journal 

of Social and Administrative Sciences, 5(2), 68-80. 

Coccia, M., & Bozeman, B. (2016). Allometric models to measure and analyze the evolution of 

international research collaboration. Scientometrics, 108(3), 1065-1084. doi. 10.1007/s11192-016-

2027-x 

Coccia, M., Falavigna, G., & Manello, A. 2015. The impact of hybrid public and market-oriented 

financing mechanisms on scientific portfolio and performances of public research labs: a 

scientometric analysis. Scientometrics, 102(1), 151-168. doi. 10.1007/s11192-014-1427-z 

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., & Rolfo, S. (2000). Ricerca pubblica e trasferimento tecnologico: il caso della regione 

Piemonte. In S. Rolfo (ed), Innovazione e piccole imprese in Piemonte, Franco Angeli Editore, 

Milano. 

Coccia, M., & Rolfo, S. (2002). Technology transfer analysis in the Italian national research council, 

Technovation - The International Journal of Technological Innovation and Entrepreneurship, 22(5), 

291-299. doi. 10.1016/S0166-4972(01)00018-9 

Coccia, M., & Rolfo, S. (2007). How research policy changes can affect the organization and 

productivity of public research institutes, Journal of Comparative Policy Analysis, Research and 

Practice, 9(3) 215-233. doi. 10.1080/13876980701494624 

Coccia, M., & Rolfo, S. (2010). New entrepreneurial behaviour of public research organizations: 

opportunities and threats of technological services supply, International Journal of Services 

Technology and Management, 13(1-2), 134-151. doi. 10.1504/IJSTM.2010.029674 

Coccia, M., & Rolfo, S. (2013). Human resource management and organizational behavior of 

public research institutions, International Journal of Public Administration, 36(4), 256-268. doi. 

10.1080/01900692.2012.756889 

Coccia, M., & Rolfo, S. (2009). Project management in public research organization: Strategic 

change in complex scenarios. International Journal of Project Organisation and Management, 1(3), 

235–252. doi. 10.1504/IJPOM.2009.027537 

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 

https://doi.org/10.1016/j.techfore.2017.11.013
http://doi.org/10.1007/s11192-016-2027-x
http://doi.org/10.1007/s11192-016-2027-x
https://doi.org/10.1007/s11192-014-1427-z
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/S0166-4972(01)00018-9
https://doi.org/10.1080/13876980701494624
http://dx.doi.org/10.1504/IJSTM.2010.029674
https://doi.org/10.1080/01900692.2012.756889
https://doi.org/10.1504/IJPOM.2009.027537
https://doi.org/10.1016/j.techfore.2014.09.007


Journal of Economic and Social Thought 

 M. Coccia, JEST, 6(4), 2019, p.252-277. 

277 

277 

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 

Cohen, W.M., & Levinthal, D.A. (1990). Absorptive capacity: a new perspective on learning and 

innovation, Administrative Science Quarterly, 35(1), 128-152. doi. 10.2307/2393553 

Farrell, C.J. (1993). A theory of technological progress. Technological Forecasting & Social Change, 

44(2), 161-178. doi. 10.1016/0040-1625(93)90025-3  

Fisher, J.C., & Pry, R.H. (1971). A simple substitution model of technological change, Technological 

Forecasting & Social Change, 3(2-3), 75-88. doi. 10.1016/S0040-1625(71)80005-7 

Freeman, C., & Soete L. (1987). Technical Change and Full Employment, Basil Blackwell, Oxford, UK.  

Gilfillan, S.C. (1935). Inventing the Ship. Follet, Chicago.  

Graham, C.S. (1956). The ascendancy of the sailing ship, 1850-1885. Economic History Review, 9, 74-

88. 

Grodal, S., Gotsopoulos, A., Suarez, F.F. (2015). The coevolution of technologies and categories 

during industry emergence. Academy of Management Review, 40(3), 423-445. doi. 

10.5465/amr.2013.0359 

Hosler, D. (1994). The Sounds and Colors of Power: The Sacred Metallurgical Technology of Ancient 

West Mexico. MIT Press, Cambridge. 

Kauffman, S., & Macready, W. (1995). Technological evolution and adaptive organizations: Ideas 

from biology may find applications in economics. Complexity, 1(2), 26-43. doi. 

10.1002/cplx.6130010208 

Mazzolini, A., Grilli, J., De Lazzari, E., Osella, M., Cosentino, L.M., Gherardi, M. (2018). Zipf and 

Heaps laws from dependency structures in component systems, Phys. Rev. E., 98, 012315. doi. 

10.1103/PhysRevE.98.012315 

Mee, C.D., & Daniel, E.D. (1996). Magnetic Storage Handbook, McGraw Hill.  

Pistorius, C.W.I., & Utterback, J.M. (1997). Multi-mode interaction among technologies. Research 

Policy, 26(1), 67–84. doi. 10.1016/S0048-7333(96)00916-X 

Reeve E. C. R., Huxley, J. S. (1945). Some problems in the study of allometric growth. In W. E. 

LeGros Clark & P. B. Medawar (Eds.), Essay on growth and form (pp. 121–156). Oxford 

University Press, Oxford. 

Rosenberg, N. (1969). The direction of technological change: Inducement mechanisms and 

focusing oevices. Economic Development and Cultural Change, 18(1), 1-24. doi. 10.1086/450399 

Sahal, D. (1981). Patterns of Technological Innovations. Addison-Wesley Publishing Company Inc. 

Steil, B., Victor, D.G., & Nelson, R.R. (2002). Technological Innovation and Economic Performance, 

Princeton University Press.  

Utterback, J.M. (1994). Mastering the Dynamics of Innovation, Harvard Business School Press, 

Cambridge, MA. 

Walker H. B. 1929. Engineering applied to agriculture. Agricultural Engineering, 10, 341-349. 

Wright, G. (1997). Towards a more historical approach to technological change, The Economic 

Journal, 107, 1560-1566. doi. 10.1098/rsif.2013.1190 

 

 

 

 

 

 

 

 

 
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/10.1073/pnas.1510820113
https://doi.org/10.2307/2393553
https://doi.org/10.1016/0040-1625(93)90025-3
https://doi.org/10.1016/S0040-1625(71)80005-7
http://dx.doi.org/10.5465/amr.2013.0359
https://doi.org/10.1002/cplx.6130010208
https://doi.org/10.1103/PhysRevE.98.012315
https://doi.org/10.1016/S0048-7333(96)00916-X
https://doi.org/10.1086/450399
https://doi.org/10.1098/rsif.2013.1190
http://creativecommons.org/licenses/by-nc/4.0

