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Abstract 

Using citation data of articles written by some Nobel Prize winners in 

physics, we show that concave, convex and straight curves represent 

different types of interactions between old ideas and new insights. These 

cases illustrate different diffusion characteristics of academic knowledge, 

depending on the nature of the new publications. In this way our work 

adds to the study of the development of science and links this 

development to citation analysis.  
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Introduction: dynamics of science 

Once a phenomenon in society or in nature attracts scientists’ interest 

research trying to answer questions such as what is this phenomenon, 

why does it occur, which factors dominate its evolution and development, 

is likely to occur. Science is an evolutionary process led by the interaction 

of different perspectives on phenomena under study. This process may 

follow multiple paths leading from the unknown to the (better) known. 

Interactions between different perspectives on the phenomenon under 

study may lead to new points of view. New ideas may be coherent with 

the old perspective on the phenomenon, but may also be in conflict with 

it. They may stimulate further developments or may hinder further 

progress. How the new ideas are accepted by academia influences, even 

determines how science is developed. 

 

When scientists publish the results of their investigations their articles 

inspire further investigation and are consequently cited in new 

publications. In this sense, publications and citations bear witness of the 

development of science. This leads to the question: how can we use 

citations and publications to study this development? 

 

Studying the dynamics of science through time series of publication (Price, 

1951) and citation indicators can be considered a first step towards a 

description of the development of science. However, in an earlier article 
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we note that the term ‘time series’ can cover quite a lot of types and 

pointed out their differences (Liu & Rousseau, 2008). Another step is the 

realization that the knowledge production chain occurs through integration 

and diffusion (Carley & Porter, 2012; Gao & Guan, 2012; Leydesdorff & 

Rafols, 2011; Porter, Cohen, Roessner, & Perrault, 2007; Rafols & Meyer, 

2007, 2010, Liu et. Al 2012). New knowledge in a scientific publication is 

always based on, and to some extent derived from existing bodies of 

knowledge. If these have several origins knowledge integration is a 

necessity. This integrated knowledge will then be used to advance the 

status quo. This newly acquired knowledge will then be diffused and will 

act as a seed for further investigations in science and technology. 

Knowledge production and diffusion are intertwined when studying the 

concept of publication diffusion, which happens when a research group 

publishes articles in more and more different fields (Liu & Rousseau, 

2010). An interesting quantitative approach to knowledge integration has 

been proposed by Rafols and Meyer (2007; 2010) and further extended to 

include knowledge diffusion by Liu, Rafols and Rousseau (2012).  

 

Next we want to answer the questions: what is the motivation for citation, 

what is the role that a citation plays during investigations? We have 

elaborated on this in (Liu, 2011; Liu & Rousseau, 2012b, 2013). Here we 

briefly recall the main points.  

 

A document is cited because the phenomenon investigated in it is of 
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interest to the citer, eager to perform further investigations. We note that 

the contents of these documents may be right or may be wrong, and they 

may be almost trivial or a major intellectual achievement. It is this 

interestingness that leads to citing. In this sense, we may say that the 

essence of citation is interaction between different ideas or perspectives 

on a phenomenon that is addressed in the citing and cited articles (Liu & 

Rousseau, 2013). Citations can be considered historic remains left behind 

by these interactions during investigations (Cronin, 1984; Smith, 1981; 

Liu, 2011). Taking this point of view we try to find a mapping from 

citations to investigated phenomena.  

 

Liu & Rousseau (2012b) considered the ‘movement’ of a scientific idea in 

academic space to describe the diffusion and integration process. We 

assumed that a scientific idea that is put forward in an article is diffused in 

an abstract intellectual landscape. We further assumed that the number of 

citations reflects the academic position (metaphorically speaking) of these 

ideas. When the number of citations changes, the corresponding academic 

position also changes. Establishing a function that reflects the relation of 

the academic position (reflected by cumulative citations) with respect to 

time is the key we use to describe this process.  

 

Using citation data of articles written by some Nobel Prize winners in 

physics, we will show that concave, convex and straight curves of 

cumulative citations represent different types of interactions between old 
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perspectives and new insights. These cases illustrate different diffusion 

characteristics of academic knowledge. In this way our work takes one 

more step in the study of the development of science and links this 

development firmly to the field of citation analysis. As citations describe 

the interactions of scientific ideas we claim that informetricians can, 

through citation analysis, understand how science develops.  

In this article we will expound three claims: 

(1) Modeling cumulative citation distributions with spline functions reveals 

the hidden dynamics of the citation diffusion process; 

(2) The overall shape of these distributions (in particular: being convex or 

concave) characterizes the reception process of the cited ideas. This 

reception is, at least partially, the result of the interaction between 

established and novel ideas; 

(3) Through spline-fitting (but this is not the only possible technique) the 

original data informs us about the role of the cited contribution within the 

dynamics of the field. Such dynamic processes not only have a theoretical 

interest, but they also have the potential to reveal the past and predict 

the future of science (and technology).  

Claim (1) has already been developed in an article about the work of 

Nobelist Charles Kuen Kao (Liu & Rousseau, 2012b), while the use of 

splines in the field of informetrics has been highlighted in (Liu & Rousseau, 

2012a). In this contribution claim (1) is taken up again – with new 

examples - and extended to elaborate claims (2) and (3).  
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Research question: can a citation curve inform us about the 

development of the ideas elaborated in the cited article? 

Citations bear witness of intellectual activities during scientific knowledge 

production. We claim that interactions among different ideas must leave a 

trace via citations. What is this trace? Can we pick up interactions by 

tracing the change of citation characteristics over time? 

 

Answering these questions, we must establish a method to describe the 

actual citation diffusion process. Development of science happens in a 

continuum, hence, must be described continuously. The citation data we 

usually collect are discrete data. However, citations occur continuously 

over the year, not once a year (say at the end), so the first obstacle we 

meet in the way to solve our difficulties is to describe discrete data points 

in a continuous way. Moreover, also for mathematical reasons it is often 

useful to describe discrete data in a continuous form. Indeed the notions 

of continuity and differentiability make it possible to study limiting 

behavior in a mathematically correct way. Moreover, Egghe (2005, p. 19) 

writes that “a real powerful Lotkaian informetrics theory can only be 

produced in a continuous setting”. We claim that this is not only true for 

power laws (so-called Lotkaian theory) but even more so for data that 

cannot easily be described by a simple continuous function. In previous 

publications (Liu & Rousseau 2011, 2012a) we have put forward 

arguments in favor of the use of spline functions. For this reason we do 

not go into the discussion if splines, other continuous functions or discrete 
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finite differences are best. We just mention that in this contribution we 

have used interpolating cubic splines to represent cumulative citation data. 

 

For the readers’ convenience we recall that interpolating cubic splines are:  

- interpolating functions (they pass through the given data points),  

- cubic, i.e. polynomials of third degree, 

- have first and second derivatives in the data points; this means 

that they connect data points in a smooth way,  

- satisfy a best-approximation property which tends to reduce their 

curvature (reducing meaningless waves). 

 

Because of these properties it is meaningful to calculate derivatives in and 

even between data points. We recall that the equations describing such 

splines differ between data points, i.e. between data points we have – in 

general – a different third order polynomial.  A spline is indeed a typical 

example of a function that is piecewise defined. 

 

Liu & Rousseau (2012a) have shown that using splines yields a 

differentiable function that still captures small but real changes. In this 

publication, we will use splines to establish a function to depict academic 

movement as a time-dependent dynamic process. We illustrate its use by 

the characteristics of the citation diffusion process of the Nobel Prize 

winning articles in physics written by some Chinese Americans. Data were 

collected by the end of 2010. The year of data collection is important as 
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the year 2010 lies many years after these scientists did their main work, 

many years after the importance of their work was recognized and even 

many years after they received the Nobel Prize for their contributions to 

physics (with the exception of Kao’s which has been discussed in an earlier 

article). In this way we have complete hindsight on their citation histories. 

 

Case studies and data used for this study 

The articles we will study as examples are shown in the following list 

(Nobel Prize winners are shown in bold): 

 

Question of parity conservation in weak interactions 

Lee TD; Yang CN 

Physical Review – (1956), 104(1), 254-258 

Citation: 1,117 

 

Experimental observation of a heavy particle-J  

Aubert JJ, Becker U, Biggs PJ, Burger J, Chen M, Everhart G., Goldhage 

P, Leong J, Mccorris, T, Rhoades TG, Rohde M, Ting SCC, Wu SL, Lee 

YY. 

Physical Review Letters – (1974), 33(23), 1404-1406 

Citation: 1,007 

 

Two-dimensional magnetotransport in the extreme quantum limit  

Tsui DC, Stormer Hl, Gossard, AC 
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Physical Review Letters - (1982), 48(22), 1559-1562    

Citation: 1,645 

 

Observation of a single-beam gradient force optical trap for dielectric 

particles 

Ashkin A, Dziedzic JM, Bjorkholm JE, Chu S 

Optics letters – (1986), 11(5), 288-290 

Citation: 1,807 

 

Occasionally we will also mention Kao’s work, but this article has been 

studied in detail in another publication (Liu & Rousseau, 2012b). It differs 

from the ones studies here as it illustrates not only academic research but 

also the transition from academic to industrial, application-based research.  

 

Dielectric-fibre surface waveguides for optical frequencies 

Kao KC and Hockham GA. 

Proceedings of the Institution of Electrical Engineers – London, (1966), 

113(7), 1151-1158. 

Citation: 203 

 

Collected cumulative citation data are shown in Table 1 (Appendix). We 

note that these data form a time series of type 2 as described in (Liu & 

Rousseau, 2008). The exact calculation of these splines functions is given 

in (Liu, 2011). Graphical representations of the cumulative citation data 

https://vpnua1.ua.ac.be/+CSCO+00756767633A2F2F6E6363662E7666767861626A79727174722E70627A++/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&db_id=&SID=X1g8D4GalNDGh4doiMH&name=ASHKIN%20A&ut=A1986C119800008&pos=1&cacheurlFromRightClick=no
https://vpnua2.ua.ac.be/+CSCO+1h756767633A2F2F6E6363662E7666767861626A79727174722E70627A++/CitingArticles.do?product=WOS&SID=W1o@5Cj@Lk7HlccIkH4&search_mode=CitingArticles&parentQid=6&recid=59001289&parentDoc=1&db_id=WOS
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are shown in Figs. 1-4. 

 

 

Figure 1. Spline curve describing the academic movement process of the knowledge in 

the Lee and Yang article (Lee and Yang: Nobel Prize 1957) 
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Figure 2. Spline curve describing the academic movement process of the knowledge in  

 the Ting et al. article (Ting: Nobel prize 1976) 

 

 

Figure 3. Spline curve describing the academic movement process of the knowledge in 

Tsui et al. article (Tsui: Nobel Prize 1998) 
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Figure 4. Spline curve describing the academic movement process of the knowledge in 

Chu et al. article (Chu: Nobel Prize 1997) 

 

Convex, concave and (almost) linear spline curves as global 

characteristics of an academic movement process 
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function is a function of first degree, shown graphically as a line segment. 

 

Can we make a quality judgment based on the different shapes of the 

academic movement? 

Gauging scientific performance by citation analysis is an accepted practice 

in science policy studies and scientific evaluation. Hence it is reasonable 

that we ask whether the characteristics of the spline-fitted curves can be 

used to judge how good or bad the scientific ideas formulated in the cited 

article are. Yet, we can see that sometimes the spline-fitted curve is 

almost a straight line (Figure 3) and sometime it is curved. Curved cases 

are concave as well as convex. What do these characteristics tell us? All 

the ideas in the cited articles are highly original, and they are all rewarded 

by a Nobel Prize, the highest scientific distinction. We may say that the 

scientific contribution of these ideas and discoveries are of about equal 

value, and they all represent an intellectual peak in the academic 

landscape. So, why are the curves reflecting how these ideas are diffused 

in the scientific communication system not the same? Some underlying 

factors must be at work. We will try to find and describe these underlying 

reasons. 

 

We further note that though concave curvatures occur twice in our case 

studies, it is still possible that the spline curve of a bad idea leads to a 

concave curvature too. In order to show this point we also collected the 

citation data of a hot, but non-accepted idea proposed by Fleischmann 
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and Pons (1989). Their idea of cold fusion started as a hype but their main 

claim turned out to be wrong. The bibliographic data of this article is: 

 

Electrochemically induced nuclear-fusion of deuterium 

Fleischmann M, Pons S 

Journal of Electroanalytical Chemistry – (1989), 261(2A), 301-308. 

Citation: 745 

 

The cumulative citation curve is shown in Figure 5 (taken from (Liu & 

Rousseau, 2012b)).  

 

 

Figure 5. Spline curve describing the cumulative Fleischmann and Pons citation data 
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is. Why do different excellent scientific ideas present such a variety of 

shapes describing the academic movement process? What do the three 

shapes represent in this context? Which factors determine the shape of an 

academic movement?  

What do these different shapes mean? 

We claim that the three types of spline curves describe three kinds of 

diffusion processes. They reflect how scientific ideas are dissipated in the 

academic communication system. In the spline-fitted curves describing 

the academic movement of Nobel Prize winning articles of Chinese 

Americans, Ting’s curve is largely concave and Chu’s curve is largely 

convex. Finally Tsui’s curve is almost straight. Lee and Yang’s curve is like 

an “S” shape: it is concave first and then convex, whereas Kao’s academic 

movement process consists of consecutive S-shapes, see (Liu & Rousseau, 

2012b). Citations to Lee & Yang‘s and Ting’s articles had a big acceleration 

at the very beginning, and then began to decelerate in a following period. 

Moreover, later they accelerated again. Citations to Chu’s article however 

are still accelerating. Finally, citations to Tsui’s article keep the same pace 

to enlarge its academic position in academic space. Figure 5 shows the 

concave shape of the academic movement process of Fleischmann and 

Pons’ article. We return to this point later. 

 

If we investigate more closely how ideas are accepted in the academic 

communication system, we will understand the different shapes of the 
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curves that describe the academic movement process. The article by Lee 

and Yang and the one by Ting both questioned the commonsense of that 

era. Yet, their ideas were shown to be right and were acknowledged by a 

Nobel Prize within a few years after their articles were published. So their 

article aroused a strong argument between their ideas and the knowledge 

system of their time. Concretely, parity conservation in weak interactions 

was considered common sense (the status quo of the moment), but Lee 

and Yang questioned this status quo and put forward an idea that parity is 

not strictly conserved (Lee and Yang, 1956). Similarly, it was believed by 

physicists that there were only three types of subatomic particles in the 

systematic of elementary particles. Yet Samuel C. C. Ting and his 

collaborators found a fourth type of subatomic particles, which had a 

lifetime almost a thousand times longer than scientists would have 

predicted from its mass (Aubert et al., 1974). So it challenged the old 

knowledge system to such a degree that it led to a significant expansion 

and refinement of the quark model. Hence we may say that a fierce 

conflict between the new insight and old knowledge system stirred up a 

strong argument when the new ideas were put forward. However, when 

the new ideas were confirmed to be right and accepted by physicists a 

Nobel Prize came soon. After Ting got the Nobel Prize, his ideas were 

accepted as a new paradigm, argument subsided, yet they were still 

inspirational to new discoveries and kept on receiving citations. However, 

since there were no fierce conflicts among different ideas anymore, 

arguments dwindled and the rate of increase (of the cumulative citation 
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curve) became smaller. This is the reason why, at first, the curve is 

concave. 

 

The other Nobel Prize articles didn’t question the common sense; they just 

formulated new scientific ideas or new discoveries of promising scientific 

value. This holds for Kao’s groundbreaking achievements concerning the 

transmission of light in fibers for optical communication, for Tsui’s 

discovery of a new form of quantum fluid with fractionally charged 

excitations and for Chu’s new method to cool and trap atoms with laser 

light (Kao and Hockham, 1966; Tsui, Stormer and Gossard, 1982; Ashkin, 

Dziedzic, Bjorkholm and Chu, 1986). When just made public their 

scientific value was not recognized, some of these achievements were, at 

first, not even thought to be possible. Their ideas or discoveries inspired 

scientists to begin an intense search to realize the promised scientific 

values. In such a way, the academic position of these articles grew in 

academic space at a rate proportional to their perceived scientific value. 

Curves of such articles start slowly with a convex curvature or as a 

straight line. 

 

In a nutshell, if the cumulative citation curve is convex, then the diffusion 

of scientific ideas formulated in the cited article is accelerated in academic 

space. If this curve is concave, then the diffusion of scientific ideas 

formulated in the cited article is decelerated. If the curve is a straight line, 

then the diffusion of scientific ideas formulated in the cited article is 



18 
 

uniform. We can conclude that the shape of the cumulative citation curves 

in the cases studied here is related to how the ideas formulated in articles 

are diffused in the abstract landscape of scientific communication. The 

shape is determined by the rate of change and the change of velocity of 

the diffusion process. Both are determined by the interaction between new 

ideas and the status quo of the current knowledge system.  

In the previous discussion we did not explicitly refer to the use of spline-

fitted curves. Yet, splines (everywhere differentiable functions) will be 

essential for the next part. 

 

Instantaneous velocity and instantaneous acceleration are used to 

describe the evolution of the academic movement process 

In physics velocity shows the rate of change of the position of an object. 

Velocity is a physical vector quantity: it has a magnitude as well as a 

direction. In the international system of units it is measured in meters per 

second (m/s). Acceleration is the change in velocity over time. This is also 

a physical vector quantity. It is the rate at which something speeds up or 

slows down. In the international system of units, acceleration is measured 

in meters per second squared (m/s²). Using the concepts of position, 

velocity and acceleration, and the relations between them, the concept of 

physical motion can clearly be described. Physical motion does not always 

keep the same pace. Sometimes velocity and acceleration are changing. 

Instantaneous velocity and instantaneous acceleration are notions 

introduced in physics to describe this behavior.  
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When the total citation frequency increases we say that the scientific ideas 

in the original article(s) are diffused from one academic position to 

another in the abstract landscape of the scientific system. Within this 

representation we can define the velocity and acceleration of citation 

diffusion in a similar way as in physics. Our attention will not go to the 

time elapsed between publication and first citation, nor to average speed 

over the whole citing period. Instead, we define and study the velocity 

and acceleration of citation diffusion over time to describe the citation 

diffusion process. As citation diffusion processes do not always keep the 

same pace, the velocity and the acceleration we use here are 

instantaneous. But how can we define the concepts of instantaneous 

velocity and instantaneous acceleration in a citation diffusion process? 

What do the concepts of instantaneous velocity and instantaneous 

acceleration tell us about the diffusion of a scientific idea in the academic 

communication system? What is the relation between instantaneous 

velocity, instantaneous acceleration and academic position?    

 

For simplicity we do not consider the medium or the direction of the 

diffusion such as the fields, subject areas and journals in which scientific 

ideas are diffused (acknowledging that these are all important aspects to 

be studied at a later stage).  

 

We define velocity in citation diffusion as the rate of change of the citation 
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frequency over time. This velocity captures the pulse of scientific 

development and helps us to understand the complete history of scientific 

developments.  

We may define the velocity of citation diffusion as the derivative of the 

cumulative citation frequency with respect to time. Yet, in order to 

calculate a first order derivative we have to establish the cumulative 

citation frequency as a function of time. We can easily collect the 

cumulative number of citations in a specific period. However this type of 

data is discrete. The relation that can be used to calculate the derivative is 

a continuous (actually differentiable) function. How then can such a 

function be constructed? We have illustrated that spline-fitted data have 

the good property to approximate discrete data continuously, and still 

capture small but real changes, see (Liu & Rousseau, 2011, 2012a). When 

data are given as a time series, a continuous function of cumulated 

citations with respect to time is established. Examples of actual 

calculations can be found in (Liu, 2011). 

 

Velocity and acceleration of Nobel Prize winning physics articles  

Figures 6-9 show the instantaneous velocity and acceleration curves of 

Nobel Prize winning articles in physics by Chinese Americans (at any 

moment during the citing period). The instantaneous velocity and 

instantaneous acceleration are calculated from the spline-fitted functions 

of the accumulated citations by taking derivatives with respect to time. In 

contrast, Figure 10 shows instantaneous velocity and instantaneous 
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acceleration of the diffusion process of the ideas of Fleischmann and Pons. 

 

Figure 6. Instantaneous velocity and instantaneous acceleration of the diffusion process 

of the ideas of Lee & Yang

 

Figure 7. Instantaneous velocity and instantaneous acceleration of the diffusion process 

of the ideas of Ting SCC 
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Figure 8. Instantaneous velocity and instantaneous acceleration of the diffusion process 

of the ideas of Tsui 

 

Figure 9. Instantaneous velocity and instantaneous acceleration of the diffusion process 

of the ideas of Chu 
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Figure 10. Instantaneous velocity and instantaneous acceleration of the diffusion process 

of the ideas of Fleischmann and Pons 
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Figures 6-10 show that velocity and acceleration curves oscillate. We can, 

however, see that as a trend the velocity of diffusion of ideas in the Lee 

and Yang article goes down, has small oscillations for a while and then 

goes up. While Ting’s went down, Chu’s went up, and Tsui’s didn’t change 

a lot.    

 

When, around 2002, Chu’s method crossed from the field of physics to 

biology, the velocity of diffusion went up, and amplitudes of velocity and 

acceleration became larger. Amplitudes of velocity and acceleration of 

diffusion of Tsui’s article became smaller as time elapsed. Frequency and 

periodicity reflect the intensity of change of velocity and acceleration.  

 

In this context we observe that there is, on a large scale, a general 

convex or concave trend in these curves, reflecting acceleration or 

deceleration of the diffusion of an idea. Yet, on a small scale the 

instantaneous velocity and acceleration curves are heavily oscillating. 

What could be the reason for this? We suggest that this behavior may lay 

in the fact that the development of science is dominated by the 

interactions of many different ideas influenced by random factors such as 

the actual publication behavior of scientists and the time to review and 

publish. Moreover, on a local scale the choice of cubic splines play a role 

in producing oscillations.  

Observation 3: Change of acceleration leads change of velocity 
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We know that the derivative is a measure of how a dependent output 

changes with respect to the change in the independent input. So the 

velocity is a measure of how cumulative citations change with respect to 

time. Similarly, acceleration is a measure of how the velocity changes with 

respect to time. We remark that the shapes of the velocity and the 

acceleration curve are not exactly the same, but they have the same 

periodicity. We see that the velocity and the acceleration curve have 

similar features, but acceleration is always ahead of velocity. When the 

acceleration curve reaches a peak, the velocity has not yet reached its 

peak. Acceleration leads the trend of changes in citation frequency with 

respect to time. 

 

Instantaneous velocity curves and yearly number of citations and the 

holographic property of spline-fitted curves: a consistency check 

Do instantaneous velocity and instantaneous acceleration really reflect 

realistic rates of change? Or are they just artifacts of the used method? 

We know when we use one year as a time unit, the velocity in a specific 

year, obtained from a cumulative citation curve is actually the number of 

citations obtained in that year. In this way we can test if the velocity we 

calculate by our method is really consistent with the number of citations 

that the article receives in a specific year. This has been done for all cases 

but in order to save space we just present the result for Yang’s curve in 

Figure 11. 
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Figure 11. Yang’s instantaneous velocity curve (calculated) and polygonal curve 

representing the yearly number of citations 
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know that the first order derivative of any linear function is constant, and 

the second order derivative of a linear function is zero. Hence a polygonal 

line contains no change in information while a spline-fitted curve can 

represent changing information. In our opinion all information about 

change resides in the original data. Splines not only reflect this, but keep 

this information. By integration and the use of differential calculus we can 

revive and reproduce the original information. In this sense, splines have 

a property like a hologram. Indeed, splines as well as holograms are able 

to recover hidden information.  

Conclusion 

Using citation data of articles written by some Nobel Prize winners in 

physics, we found out that concave, convex and straight lines represent 

different types of interactions between old ideas and new insights. If new 

(the ideas put forward in these Nobel Prize winning articles) and old ideas 

(the status quo before the publication of these articles) are in conflict with 

each other, and, on the one hand, lead to increased interest then the 

citation curve will be concave at first. If, on the other hand, new insights 

are so revolutionary that colleagues do not believe in them then the 

diffusion speed will be very slow. If, however, after some time the new 

insight is confirmed then the diffusion speed will be accelerated leading to 

a convex citation curve.  

 

Interactions between old ideas and new insights may change the intensity 
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of the citation diffusion process. The change in intensity of diffusion is 

reflected by the actual rate of change. Hence the actual rate of change of 

the citation diffusion process is the key by which we monitor the 

knowledge diffusion process. Using analogies from physics we introduced 

the notions of instantaneous velocity and instantaneous acceleration to 

describe the dynamic process of citation diffusion.  

 

We recall from our previous study (Liu & Rousseau, 2012b) on Kao’s work 

that breakthroughs may directly influence the rate of change of the 

diffusion process while phase transfers (from an academic phase to an 

industrial, application oriented phase) may influence the rate of change 

implicitly. They influence the rate of change of the change. We also 

observe that near breakthroughs and phase transfer, velocity and 

acceleration oscillate vehemently (amplitude is larger and frequency is 

shorter).  

 

Did we prove the three claims mentioned in the introduction? Case studies 

can never fully prove this, and moreover, such claims can never be 100% 

true. The chosen examples represent highlights in the recent history of 

physics, a discipline with universal and fundamental scope. This is a 

context in which ontology-disrupting paradigms can - relatively easily – be 

detected (Kuhn, 1962). We are convinced though that our examples hold 

a basic truth so that our approach to diffusion processes holds the 

potential to change the practice of citation analysis. We claim that the 
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essence of citation is interaction between different ideas or perspectives 

on a phenomenon that is addressed in the citing and cited articles. 

Through real-world examples, it is illustrated that citation analysis can 

reveal the regularities that are otherwise hidden during the evolution of 

science. It may even be possible to figure out political and economic 

factors that promote research or lead to its stagnation (Liu & Rousseau, 

2012b).  

 

Informetrics has the ambition to describe the structure and development 

of science and technology. Yet, this aim can only be realized by the study 

of dynamic processes. Such dynamic processes not only have a theoretical 

interest, but they also have the potential to reveal the past and predict 

the future of science and technology. Describing the development of 

science can, in our opinion, be one of the important contributions of the 

field of informetrics, making the field more powerful. 
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Appendix 

Table 1. Cumulative citation data of the Nobel Prize winning articles (the last column 

contains the citations to the Fleischmann & Pons article) 

 
Yang 
Lee Kao 

Ting 
SCC Tsui Chu F&P 

Nobel 1957 2009 1976 1998 1997  
1956 2      
1957 124      
1958 223      
1959 277      
1960 297      
1961 317      
1962 330      
1963 346      
1964 352      
1965 366      
1966 377 1     
1967 389 1     
1968 396 3     
1969 406 4     
1970 414 13     
1971 422 18     
1972 430 22     
1973 435 31     
1974 442 37 6    
1975 448 44 338    
1976 456 56 516    
1977 471 61 607    
1978 482 65 665    
1979 500 72 712    
1980 511 77 735    
1981 527 83 765    
1982 540 90 790 2   
1983 550 94 808 47   
1984 569 100 820 116   
1985 585 109 827 179   
1986 601 120 837 270 1  
1987 608 123 842 326 3  
1988 626 125 854 372 4  
1989 640 127 862 411 9 155 
1990 647 132 865 471 14 315 
1991 659 133 874 504 33 413 
1992 670 135 880 577 52 464 
1993 679 140 883 641 65 509 
1994 692 140 890 700 90 546 
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1995 707 143 894 750 123 570 
1996 721 146 900 801 155 600 
1997 738 147 906 857 201 617 
1998 762 153 910 911 248 635 
1999 783 154 916 963 301 652 
2000 819 163 917 1024 372 664 
2001 855 165 924 1098 447 673 
2002 891 170 930 1164 530 679 
2003 910 175 937 1223 643 692 
2004 932 179 945 1284 821 698 
2005 959 184 954 1347 971 701 
2006 997 190 961 1407 1160 716 
2007 1026 194 974 1452 1354 723 
2008 1063 199 986 1529 1548 726 
2009 1101 201 1003 1599 1698 737 
2010 1117 203 1007 1645 1807 745 
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