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1. INTRODUCTION

The most obvious and usual way to deal with economic texts is to try to understand in an
analytical way the theories put forward by the authors providing a scientific, social and economic
context for that specific literature. Using analytical tools, we can assess what the author defends,
something that will furnish us with some of his “good-will statements”. But, can the wording of the
texts provide us with further knowledge about the authors' deep thoughts? This study draws a
methodology to achieve such an objective, the application of the statistical analysis used in physics
to the economic literature. An analogy between physics and economics has been extensively
developed in recent years (Mantegna and Stanley 1996, 1997, 2000, Loffredo 2004, Lux, 2001); for
instance, fluid dynamics and turbulent behavior have been used to predict the behavior of the stock
market (Vindel & Trincado 2010; Trincado & Vindel 2013). However, this analysis has never been
used in the history of economic thought, albeit it may open up new possibilities and provide us with

further explanations so as to reconsider theoretical issues.

Actually, rarely is the statistics, one of the most widespread methodological tools in
economics, used in the comparative contents of economic literature and their rhetoric.! However, in
scientometric and informetric fields content analysis and mapping are widely developed such as, for
example, in the word cloud literature (Schutze 1998). Certainly, the study of literature using
mathematical statistics is not new. The American linguist Zipf (1935, 1949) stated that in any
meaningful text, the frequency of any word is inversely proportional to its rank in the frequency

table. Thus, according to the Zipf's law, the most frequent word will occur approximately twice as

1 Such analysis is the purview of “bibliometrics”, but it is generally within the applied sciences that it is framed,
exploring the impact of papers in the field of library and information science or examining the sociology of academia in
the field of economic doctrines (Nicholas and Ritchie 1978). Bibliometrics does not usually have a theoretical or
philosophical aim.



often as the second most frequent word, three times as often as the third most frequent word, etc.
The remarkable question is that Zipf's law holds for most languages. Zipf (1949, 1) provided an
explanation: the principle of the least effort used by speakers and listeners to reach an
understanding.? This is not the last time that mathematics will be used to analyse the arts. Actually,
fractals were observed by artists before scientists (Edgar, 2004). Some scientists believe that this
kind of analysis can give deep insights into how mathematical structures guide our visual perception
and how they shape our appreciation of art and artists' instinctive ability to pick out structures

(Taylor et al, 2010). 3

2. Objective of the article

This article abounds in this scholarship by studying the intermittency of the turbulence in
different economic texts, and specifically in three important authors: William Stanley Jevons, Adam
Smith, and Karl Marx. If turbulence is characterised by a chaotic and stochastic regime and
property changes, and by the existence of a cascade of energy from larger turbulent eddies to
smaller ones (Richardson, 1922), intermittency is a specific property of a turbulent regime, usually
explained as the irregular alternation of data which are not continuously available due to some

factor outside direct control.

Thus, the first hypothesis that the article aims at addressing is that economic texts are
literature. As McCloskey (1983) said, being economics heavily metaphorical, the rhetoric of

economics is a literary matter. We need to study how economists really argue and we have to

2 This law has been empirically verified in many types of data in the physical and social sciences, which can be
approximated with a Zipfian distribution part of the family of relate discrete power law probability distributions. For
instance, city population ranking in various countries, corporation sizes, income rankings, and so on, follow Zipf's law,
as first shown by Auerbach already in 1913 (see Gabaix, 1999 and Kali, 2003). Actually, it was Pareto (1897) the one
who firstly discovered a power law tail in the distribution of individual wealth.

3 For instance, by using statistical analysis some researchers have discovered that there are turbulent structures in
paintings. Recently Aragén et al. (2006) showed that the curls and swirls of Van Gogh's later paintings adhere to the
same physical laws as turbulent fluids found in nature. In effect, the so-called probability density function (PDF) of
luminance fluctuations in some Van Gogh paintings compares notable well with the PDF of the velocity differences in a
turbulent flow as predicted by Kolmogorov's statistical theory (Kolmogorov, 1941).

4 Although intermittency analysis was first applied in physics, at present it is frequently used in other disciplines, e.g.,
to assess the volatility of financial markets (Plerou et al, 2000).



examine the workaday rhetoric that leads to the prior beliefs. Ricoeur (1984, 1986, and 2004) said
that literature has to do with the revealing, through writing and within the textual structure, of
unconscious links, not made explicit and never surfacing at the conceptual or theoretical level.
Finally as Adam Smith said “The best method of explaining and illustrating the various powers of
the human mind, the most useful part of metaphysics, arises from an examination of the several
ways of communicating our thoughts by speech, and from an attention to the principles of those
literary compositions which contribute to persuasions or entertainment” (cited in Jermolowicz,

2004, 202). °

3. Analysed data

In this paper, three very different authors in terms of theoretical construct and cultural and
analytical background have been compared. As mentioned above, the authors selected are William
Stanley Jevons, Adam Smith and Karl Marx. We will study Jevons’ theory by applying a statistical
study of one of his most important works, The theory of political economy®. To study Marx's theory,
we have used volume | of the English version of Capital’ - using the German version could make
our comparison unequal and our results less robust. Finally, in the study of Adam Smith’s theory we

have used The Wealth of Nations®.

In an attempt to choose some significant words that are present in all of the texts, we have
come across a sentence by Jevons in the preface to the fifth edition of the Theory of political
economy. There, he specifies that the most difficult notions in political economy are “Utility, Value,
Labour and Capital” which can be subject to mathematical analysis and expression. We have

considered this sentence by Jevons a good starting point: these words seem to be important notions

5 If we may interpret in a psychological way the appearance of an approximate turbulent structure in the products
human creativity, such as a painting, then, why do not do the same in a text? They are both the representation of a
conscious desire of communication by the author and a representation of the author's subconscious.

6 This can be found at http://mises.org/books/political_economy_jevons.pdf .

7 This can be found at http://www.marxists.org/archive/marx/works/download/pdf/Capital -Volume-I.pdf.

8 Which can be found at http://www?2.hn.psu.edu/faculty/jmanis/adam-smith/Wealth-Nations.pdf


http://mises.org/books/political_economy_jevons.pdf
http://www.marxists.org/archive/marx/works/download/pdf/Capital-Volume-I.pdf
http://www2.hn.psu.edu/faculty/jmanis/adam-smith/Wealth-Nations.pdf

for Jevons, and it seemed appropriate and relevant to analyse them in all the authors®.

4. Methodology

We will now apply the statistical analysis to the thinking of these economists by looking at
the flow of thought within the manuscript which talks about the evolution or melody of the text. To
assess a melody, we need to look at the full sequence or arrangement of words, the harmony that

tries to combine chords in a certain way.

The idea is to study the uni-scaling or multi-scaling behaviour of those key words found.
Our study variable will be the number of times that a certain word appears on every page of the
book. The corresponding scale will be the distance between pages. Thus, the value of the variable
for a certain scale will be the difference between the number of times that the word appears on one
page compared to the frequency of the word on another page with a page distance corresponding to
that scale. For example, at scale 1, the variable represents the number of times that the word appears
on a page minus the number of times that the word appears on the previous page. At scale 5, the
variable is the difference between the number of times that the word appears on a specific page and
the number of times it appears 5 pages before. Obviously, the word appearance frequency shows the
importance that the author gives to the concept represented by the word. Given a certain scale, in
this case a certain distance between pages, a high probability that the frequency of appearance of
the word on both pages is similar implies that there is a high persistence at this scale. That implies a
relationship between the ideas expressed on one page and the ones expressed on another page at the

distance of the scale in question.*

Then we may represent the Probability Density Functions (PDFs) of the variable, who

9 By not selecting the words on purpose we claim not to be charged with trying to draw some specific results from our
study. For that same reason, we have not chosen synonyms or association of words, but only registered those words
themselves.

10 The higher the scale, the lesser the transmission of information that we may expect from one page to the other.



describe the likelihood for a random variable to take on a given value (inevitably, the addition of all
the probabilities equals 1). These PDFs can be represented, in general, as Lévy distributions (Lévy,
1925), characterized by the presence of fat tails. A PDF with a sharper peak implies that the tail is
fatter or more stretched out. It also implies that it is likely that the variable will have high values at

a certain scale (see Figure 1).

Figure 1. PDFs with different shapes (with more or less stretched tails).

Thus, in case of fatter tails, there are more events or values that stray widely from the
average. Fatter tails show high and low values more frequently than when the shape of the tail is
different. These are the unexpected results. Taking the case of our variable (differences between
frequencies), high persistence (high values in the PDF for x=0) should mean, in general, more
transmission of information. On the other hand, previous information can also yield very large

jumps in the value of the variable (rare events).

On the other hand, if the text shows multi-scaling (different behaviour at different scales), it
may mean that the words are represented as a turbulent regime characterized by intermittency. An
intermittent source of data may be quite predictable or persistent but it is unintentionally stopped or

unavailable. Thus, intermittency is sometimes considered to be synonymous with variability of the



variability. It indicates the existence of undesired or uncontrolled changes and of a greater -
undesired - loss of information rate in the short-run than in the long run (fatter PDFs for the short-

term and thus, greater probability of rare events in the small scales).

5. Distribution analysis along the text

Although Jevons makes a plea for considering the words “Utility, Value, Labour and
Capital” as the most important notions in political economy, data processing shows that Jevons only
made significant use of three of those words in the text analyzed: utility, labour and capital. Utility
is cited 457 times, labour 411 times and capital 403 times, but value is only cited 218 times in a text
of 182,628 words. Although 400 is not a very high number of words for a statistical analysis, we
have found it to be sufficient, but value had to be ruled out due to statistical constraints. However,
Marx only cites the word utility 35 times in his Capital (337,280 words), although the frequency of
the other words is large enough: capital is cited 1,284 times, and labour, 3,401. Smith also
frequently cites labour (1,148 times) and capital (769 times), but does not often cite utility (18
times) in his Wealth of Nations (383,766 words). The fact that Adam Smith uses the word utility
infrequently is much more surprising since he has been considered a utilitarian for decades and even
now a “contemplative utilitarian” (Ross, 1995). Did history or the historians label Adam Smith as a
utilitarian as a way to disclose his real hidden purposes? If so, we may contribute to the process of
disclosing Adam Smith’s “statements of good will” in a more positivistic way than the merely

bringing charges against him."

The differences in the author's theories are made evident in the statistical analysis. For doing
this analysis, first we have made the table on sections and chapters of the three books (table 1, table
2 and table 3) and then we have represented the number of times that each of the words labour and
capital appear in each page of the text, including the word utility for Jevons as he is the only one to

mention that word with significant frequency (Figure 2).



TABLE 1 (WEALTH OF NATIONS)

BOOK 1. OF THE CAUSES OF IMPROVEMENT IN THE PRODUCTIVE POWERS OF LABOUR, AND OF THE ORDER
ACCORDING TO WHICH ITS PRODUCE IS NATURALLY DISTRIBUTED AMONG THE DIFFERENT RANKS OF

THE PEOPLE
Chapter Page
1 Of the division of labour 7
2 Of the principle which gives occasion to the division of labour 13
3 That the division of labour is limited by the extent of the market 16
4 Of the origin and use of money 19
5 Of the real and nominal price of commodities, or of their price in labour, and their price in money 24
6 Of the component part of the price of commaodities 36
7 Of the natural and market price of commodities 41
8 Of the wages of labour 47
9 Of the profits of stock 64
10 Of wages and profit in the different employments of labour and stock 72
11 Of the rent of land 104
BOOK II. OF THE NATURE, ACCUMULATION, AND EMPLOYMENT OF STOCK
Chapter Page
1 Of the division of stock 190
2 Of money, considered as a particular branch of the general stock of the society, or of the expense of 195
maintaining the national capital
3 Of the accumulation of capital, or of productive and unproductive labour 230
4 Of stock lent at interest 244
5 Of the different employments of capitals 250
BOOK I11. OF THE DIFFERENT PROGRESS OF OPULENCE IN DIFFERENT NATIONS
Chapter Page
1 Of the natural progress of opulence 262
2 Of the discouragement of agriculture in the ancient state of Europe, after the fall of the roman empire 265
3 Of the rise and progress of cities and towns, after the fall of the roman empire 274
4 How the commerce of towns contributed to the improvement of the country 281
BOOK IV. OF SYSTEMS OF POLITICAL ECONOMY
Chapter Page
1 Of the principle of the commercial or mercantile system 291
2 Of restraints upon importation from foreign countries of such goods as can be produced at home 308
3 Of the extraordinary restraints upon the importation of goods of almost all kinds, from those countries with 322
which the balance is supposed to be disadvantageous
4 Of drawbacks 342
5 Of bounties 346
6 Of treaties of commerce 374
7 Of colonies 382
8 Conclusion of the mercantile system 447
9 Of the agricultural systems, or of those systems of political economy which represent the produce of land, as 462
either the sole or the principal source of the revenue and wealth of every country
Appendix 481
BOOK V. OF THE REVENUE OF THE SOVEREIGN OR COMMONWEALTH
Chapter Page
1 Of the expenses of the sovereign or commonwealth 483
2 Of the sources of the general or public revenue of the society 572
3 Of public debts 641




TABLE 2 (CAPITAL)

Part 1: Commodities and Money

Chapter Sections of Chapter Page
1 Commodities 15
The Two Factors of a Commodity: Use-Value and Value 15
The Twofold Character of the Labour Embodied in Commodities 17
The Form of Value or Exchange-Value 20
The Fetishism of Commodities and the Secret Thereof 30
2 Exchange 39
3 Money, Or the Circulation of Commodities 44
The Measure of Values 44
The Medium of Circulation 47
Money 57
Part 2: Transformation of Money into Capital
Chapter Sections of Chapter Page
4 The General Formula for Capital 69
5 Contradictions in the General Formula of 75
Capital
6 The Buying and Selling of Labour-Power 82
Part 3: The Production of Absolute Surplus Value
Chapter Sections of Chapter Page
7 The Labour-Process and the Process of 87
Producing Surplus Value
The Labour-Process or the Production of Use-Values 87
The Production of Surplus Value 90
8 Constant Capital and Variable Capital 98
9 The Rate of Surplus value 103
The Degree of Exploitation of Labour-Power 105
The Representation of the Components of the Value of the Product by 107
Corresponding Proportional Parts of the Product Itself
Senior‘s —Last Hour 109
Surplus-Produce 110
10 The Working day 112
The Limits of the Working day 112
The Greed for Surplus-Labor, Manufacturer and Boyard 114
Branches of English Industry Without Legal Limits to Exploitation 117
Day and Night Work. The Relay System 122
The Struggle for a Normal Working Day. Compulsory Laws for the
Extension of the Working Day from the Middle of the 14th to the End 124
of the 17th Century
The Struggle for a Normal Working Day. Compulsory Limitation by 129
Law of the Working-Time. English Factory Acts, 1833
The Struggle for a Normal Working Day. Reaction of the English 135
Factory Acts on Other Countries
11 Rate and Mass of Surplus Value 149
Part 4: Production of Relative Surplus Value
Chapter Sections of Chapter Page
12 The Concept of Relative Surplus Value 154
13 Co-operation 158
14 Division of Labour and Manufacture 165
Two-Fold Origin of Manufacture 165
The Detail Labourer and his Implements 167
The Two Fundamental Forms of Manufacture: Heterogeneous 168
Manufacture, Serial Manufacture
Division of Labour in Manufacture, and Division of Labour in 171
Society
The Capitalistic Character of Manufacture 174




15 Machinery and Modern Industry 182
The Development of Machinery 182
The Value Transferred by Machinery to the Product 188
The Proximate Effects of Machinery on the Workman 191
The Factory 199
The Strife Between Workman and Machine 202
The Theory of Compensation as Regards the Workpeople Displaced 207
by Machinery
Repulsion and Attraction of Workpeople by the Factory System. T
Crises in the Cotton Trade
Revolution Effected in Manufacture, Handicrafts, and Domestic 216
Industry by Modern Industry
The Factory Acts. Sanitary and Educational Clauses of the same. 224
Their General Extension in England
Modern Industry and Agriculture 234
Part 5: Production of Absolute and Relative Surplus Value
Chapter Sections of Chapter Page
16 Absolute and Relative Surplus Value 256
17 Changes of Magnitude in the Price of Labour- 261
Power and in Surplus Value
Length of the Working day and Intensity of Labour Constant. 261
Productiveness of Labour Variable
Working day Constant. Productiveness of Labour Constant. Intensity 263
of Labour Variable
Productiveness and Intensity of Labour Constant. Length of the 263
Working day Variable
Simultaneous Variations in the Duration, Productiveness, and
Intensity of Labour 264
18 Various Formula for the rate of Surplus value 266
Part 6: Wages
Chapter Sections of Chapter Page
19 The Transformation of the Value (and 269
Respective Price) of Labour-Power into
Wages
20 Time-Wages 272
21 Piece Wages 276
22 National Differences of Wages 280
Part 7: The Accumulation of Capital
Chapter Sections of Chapter Page
23 Simple Reproduction 284
24 Conversion of Surplus value into Capital 290
Capitalist Production on a Progressively Increasing Scale. Transition
of the Laws of Property that Characterise Production of Commaodities
into Laws of Capitalist Appropriation 290
Erroneous Conception, by Political Economy, of Reproduction on a 204
Progressively Increasing Scale
Separation of Surplus value into Capital and Revenue. The 205
Abstinence Theory
Circumstances that, Independently of the Proportional Division of
Surplus value into Capital and Revenue, Determine the Amount of
Accumulation. Degree of Exploitation of Labour-Power. Productivity | 298
of Labour. Growing Difference in Amount Between Capital
Employed and Capital Consumed. Magnitude of Capital Advanced
The So-Called Labour Fund 302
25 The General Law of Capitalist Accumulation 307
The Increased Demand for labour power that Accompanies 307
Accumulation, the Composition of Capital Remaining the same
Relative Diminution of the Variable Part of Capital Simultaneously
with the Progress of Accumulation and of the Concentration that | 310
Accompanies it
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Progressive Production of a Relative surplus population or Industrial

Reserve Army 314
Different Forms of the Relative surplus population. The General Law 318
of Capitalistic Accumulation
Illustrations of the General Law of Capitalist Accumulation 321
Part 8: Primitive Accumulation
Chapter Sections of Chapter Page
26 The Secret of Primitive Accumulation 369
27 Expropriation of the Agricultural Population 370
From the Land
28 Bloody Legislation Against the Expropriated,
from the End of the 15th Century. Forcing 379
Down of Wages by Acts of Parliament
29 Genesis of the Capitalist Farmer 383
30 Reaction of the Agricultural Revolution on
Industry. Creation of the Home-Market for 384
Industrial Capital
31 The Genesis of the Industrial Capitalist 386
32 Historical Tendency of Capitalist 391
Accumulation
33 The Modern Theory of Colonisation 393
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TABLE 3 (THE THEORY POLITICAL ECONOMY)

Chapter Page

1 INTRODUCTION Introduction 41
Mathematical Character of the Science 42

Confusion between Mathematical and Exact Sciences 43

Capability of Exact Measurement 45

Measurement of Feeling and Motives 47

Logical Method of Economics 50

Relation of Economics to Ethics 54

2 THEORY OF PLEASURE AND PAIN Pleasure and Paill as Quantities 56
Pain the Negative of Pleasure 58

Anticipated Feeling 59

Uncertainty of Future Events 60

3 THEORY OF UTILITY Definition of Terms 61
The Laws of Human Want 62

Utility is not an Intrinsic Quality 65

Law of the Variation of Utility 66

Total Utility and Degree of Utility 68

Variation of the Final Degree of Utility 70

Disutility and Discommodity 73

Distribution of Commodity in different Uses 74

Theory of Dimensions of Economic Quantities 75

Actual, Prospective, and Potential Utility 80

Distribution of a Commodity in Time 81

4 THEORY OF EXCHANGE Importance of Exchange in Economics 83
Ambiguity of the term Value 84

Value expresses Ratio of Exchange 85

Popular use of the term Value 85

Dimension of Value 88

Definition of Market 89

Definition of Trading Body 91

The Law of Indifference 92

The Theory of Exchange 95

Symbolic Statement of the Theory 97

Analogy to the Theory of the Lever 929

Impediments to Exchange 101

Ilustrations of the Theory of Exchange 102
Problems in the Theory of Exchange 104
Complex Cases of the Theory 106
Competition in Exchange 108
Failure of the Equations of Exchange 108

Negative and Zero Value 112

Equivalence of Commaodities 116

Acquired Utility of Commodities 117

The Gain by Exchange 119

Numerical Determination of the Laws of Utility 121

Opinions as to the Variation of Price 122
Variation of the Price of Corn 124
The Origin of Value 128
5 THEORY OF LABOUR Definition of Labour 130
Quantitative Notions of Labour 131
Dimensions of Labour 134
Balance between Need and Labour 135
Distribution of Labour 136
Relation of the Theories of Labour and Exchange 137
Relations of Economic Quantities 139

Various Cases of the Theory 141

Joint Production 142
Limits to the Intensity of Labour 145
6 THEORY OF RENT Accepted Opinions concerning Rent 148
Symbolic Statement of the Theory 150

Ilustrations of the Theory 152

7 THEORY OF CAPITAL The Function of Capital 153
Capital is concerned with Time 154
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Quantitative Notions concerning Capital 156

Expression for Amount of Investment 157

Dimensions of Capital, Credit and Debit 158

Effect of the Duration of Work 159

Ilustrations of the Investment of Capital 160

Fixed and Circulating Capital 161

Free and Invested Capital 162

Uniformity of the Rate of Interest 162

General Expression for the Rate of Interest 163

Dimension of Interest 164

Peacock on the Dimensions of Interest 165

Tendency of Profits to a Minimum 166

Advantage of Capital to Industry 168

Avre Articles in the Consumers' hands Capital 171

8 CONCLUDING REMARKS The Doctrine of Population 172

Relation of Wages and Profit 172

Professor Hearn's Views 175

The Noxious Influence of Authority 176

APPENDIX I Note by the Editor on the Author's Theory of Interest 177
APPENDIX 11 A Fragment on Capital 183
APPENDIX III Brief account of a general mathematical theory of political economy 187
APPENDIX IV List of the Author's Economic Writings 192
APPENDIX V List of Mathematic-Economic Writings 196
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From these, we may draw some initial conclusions about the theories. Actually, these graphs
are versions of what in corpus linguistics/stylistics would be called dispersion plots™. Firstly, Smith
uses labour and capital frequently throughout the Wealth of Nations. Since he uses those words to
discuss all economic issues, it seems that both words are important for him. However, the trends of
the frequencies show a slight decrease in the importance given to the word labour. The word capital
is also cited throughout the book, and, although Book Il on stock cites it more frequently, the steady
trend shows that it is given practically equal importance in all sections. Certainly, although the first
chapters of the Wealth of nations defend that the value of commodities depends on the labour
commanded, Smith soon recognizes that the value reflects wages, rent of land and profit of capital.
Once explained the concept of labour commanded, capital acquires greater importance in Smith's
theory. This seems to be true in special within a growing economy and, so, in the course of Book |11
on the progress of opulence of different nations. Not in vain the accumulation of stock determines
the average wage of labour. Besides, as shown in the low frequency of the word labour in Book 1V
Smith criticism of the previous systems of political economy seem to be related to their disregard of
labour. Finally, as we may imagine and we observe in the frequencies of the word labour in Book V,
labour seems to be a source more than a reason of expense for the sovereign. However, as a general

conclusion, Smith has a quite steady trend of frequencies.

Marx also talks about labour and capital throughout Capital. Although 'labour’, the basis of
value according to Marx, is actually cited twice as often as 'capital’, the importance of labour
declines as the importance of capital rises, and the greatest variability can be found around the page
300. Capital begins to dominate and acquires ever greater importance as we run through the text.
This seems to be logical as in the first chapters Marx explains the character of commodities, of

exchange and money in the more classical way and it is not until money is transformed into Capital,

11 See Hearst (1997) for one early approach in computational linguistic. The distribution of the words are
quantified (and rendered comparable) by means of dispersion statistics (Gries 2008).
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in part 2, that the word is more frequently named. Then, it is in part 7, The Accumulation of Capital,
when Marx cites the most frequently the word capital - in special when denouncing the degree of

exploitation of labour — power.

In contrast, the data show that labor and capital do not have the same value for Jevons in all
sections of the text. The two words do not even appear until they suddenly burst onto the scene,
when the number of words jumps significantly. Curiously, the peaks for both words are quite
similar. Moreover, the trend in the frequency for both words slopes slightly upwards, as the
importance given to the words is greater in the late chapters. In the case of the word utility,
however, the variability throughout the text is more stable, although Jevons does not cite this word
more frequently than the other ones. In this case, the relative frequencies of the key terms are
related to their place in the overall structure of exposition. Capital and labor are only cited when
trying to explain the classical theory of value determined by the cost of production and also in the
chapters that deals with the theory of labor and the theory of rent and capital. Certainly, labor
understood in merely utilitarian terms, as “the amount of work done by certain muscles and the rate
of fatigue” (Jevons, 1871, 207) is only one more example of pleasure-pain over a period of time,
something that creates a useful effort in exchange for a wage, but cannot be key in Jevons' theory.
As Jevons says, labor determines supply, supply determines final degree of utility and final degree
of utility determines value. In the word capital, Jevons himself explains the lack of information
transmission within the text saying that “in considering the nature and principles of Capital, we
enter a distinct branch of our subject. There is no close or necessary connection between the
employment of capital and the processes of exchange” (Jevons, 1871, 223). It is with good reason
that, as he says, capital is concerned with time - the period of time for which it is invested that
amounts to a lengthening of the period of production or the time elapsing between the beginning
and end of a work. A theory based on a subjective and successive perception of time can run into

difficulties when dealing with time itself.
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6. Variability and intermittency

These remarks being made, we go on to analyse the scaling behaviour displayed by the
different study cases. With this purpose in mind, Figure 3 represents the probability mass functions
(the equivalent in discrete probability distributions to the PDFs that define continuous distributions)
corresponding to each case for the two scales considered. One page, naturally the smaller scale that
we may study, will furnish us with information about the variability between one page and the next,
and five pages, that reports on the longer run variations, but yet at a distance small enough to
maintain a relationship between the frequencies of presence of the word. In this case, it is not so
much the theoretical considerations that we have to take into account; this statistical analysis does
not show the frequency, but the "variation of the frequency" of some words, which may result from
a certain "state of mind" of the author. Frequency may have to do with the conscious desire of using
intensively a word; “variation of frequency” is somewhat an unconscious product as it has to do
with a certain path of the melody. Frequency may be interpreted as cognition; “variation of

frequency” as metacognition.

In Jevons case, we have represented the probability mass functions of the part of the book in
which the words are actually present; a practically null citing of the words until the page 120 would
have distorted the results giving Jevons a higher persistence than his state of mind would suggest.
Obviously, not citing the word on one page or on the next implies persistence, but it does not mean
anything in terms of the information flow or transmission. Quite simply, there is no information
available. Besides, we have only represented the probability mass functions of the word “utility” in

this author as he is the only one to use this word significantly.

The first remarkable result is that there is a hierarchy in the persistence of both labour and

capital for different authors, a pattern of variation that seems to signal a certain authors' state of

mind. Let us remember that the high persistence or probability that the number of words in one page
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and the next in the scale is the same implies that the probability mass functions are taller in x=0.
Smith is clearly the most persistent author. Marx wording is less persistent, and then, Jevons
displays the lesser persistence in both words, as shown by the low 0,4 probability of persistence in
the y axis of the graphs. Besides, for both Marx and Smith capital is more persistent than labour —
this can be related with the above mentioned downward slope of the frequency maps of the word

labour and the lesser importance given to it as the texts progress.

Our interpretation of this result is the following: utilitarian authors may be, as their theories,
goal-oriented and, so, they are constrained by an image embedded in the authors' psyche. They take
aim at something unreal that leads them to an anxious and turbulent perception of time. The image
of utility, being the product of imagination, is moody and volatile (see Trincado 2003, 2006, 2009).
However, persistence may imply that the author is being guided by something which is not volatile,

maybe reality.

In this sense, Smith seems to be the more persistent author. He seems to seek a clear
objective with his wording. His line of thought is more coherent, meaning that what he discusses on
a given page will probably be explained on the next one. In the Wealth of Nations there is a
continuous use of the words capital and labour and when Smith uses those words, he does so with
the clear purpose of providing understanding to the reader. His coherence was also displayed in the
first analysis of frequencies: he talks about labour more frequently in the first chapters on the
productive powers of labour, and about capital on Book Il on the nature and employment of stock.
Indeed, according to Smith, language must aim at the natural precision and simplicity of both the
spoken and written word (Smith, 1983). According to his theory, value is objective and based on

reciprocity.

Marx however seems to be less persistent. According to our hypothesis, this implies that his
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mind is more “utilitarian” than that of Smith, although less than that of Jevons. Marx did not much
value utilitarian theory (Marx, 1867, 426). Marx affirms that a use value “has value only because
human labour in the abstract has been embodied or materialised in it” (Marx, 1867, 28). However,
he writes about a system that he thinks that will collapse — a breakdown that Marx actually desired*?
He, then, seems to be led by his image of the system criticized and maybe with the image of the
desired system underlying his thought. He wrote his works with an eye on a new free foreseeable
world. Then, his perception of time may have led Marx to already have in mind that a rupture would

take place, like a mirror image that gives the theory a desire to find discontinuity.*®

Finally, Jevons clearly is the less persistent author, and the information flow seems to be the
least coherent one. Capital and labour, words considered at first by him so important, are only cited
in his work in a burst, being obliterated by the continuous use of the word utility that, however,
declines in importance over the text. Jevons explicitly recognizes that his theory is linked to the
founder of the utilitarian radical philosopher, Jeremy Bentham (Jevons 1871, 29).This search for
utility is a volatile activity that depends on changing feelings - actually based on a concept of
perception by impressions sent from “outside” to the inner self. Science is based on the summing up

of the subjective feeling of pleasure of different people. **

Besides, the probability mass functions corresponding to Smith have longer tails and, so, in
Smith's case there are more rare events than in Marx's case, and Marx also displays longer

probability mass functions than Jevons. Actually, persistence is usually related to these large jumps

12 In his doom watcher theory, a destructive embryo of capital keeps growing until it breaks the shell and the
system's equilibrium. Men are controlled by the inevitability of the future. They are moved by forces that will lead them
to violence and eventually to communism. Marx tries to give an objective definition of capital and capitalism, but his
own contemptuous tone is his undoing (Marx, 1867, 532).

13 Marx accepted that utilitarianism is the basis for capitalistic behaviour, although eventually, his desire to
change the system may lead him to blow out of proportion the possible utilitarian bias of capitalism.
14 According to Jevons, economics should be regarded as a calculus of pleasure and pain or, more correctly, of

positive and negative feeling. The idea is that we need to study the psychological basis of economics as one branch of
the science of human behaviour to arrive at sound conclusions that will maximise human happiness when they are
applied.
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and large jumps cannot be explained by the information transmitted — information must have been
lost or there has been an exogenous shock affecting. In one page the same word appears a lot but in
the next there are very few of that word: maybe inattention or a change of mind makes the author
not use that information continuously in his line of thought. Then, a persistence of the objective is
also accompanied by sudden movements, maybe produced by hard reality or maybe due to the
search by the author himself to achieve clarity for the understanding of the reader and for a full
comprehension of reality. Jumps are the sign of an attempt not to understand the mind itself, but

reality.

Finally, another striking result is that all the probability mass functions for all the three
authors and words display a similar behavior regarding the phenomenon intermittency of the
turbulence. That is shown by the different shape of the probability mass functions in scale 1 and
scale 5 (Figure 3). This intermittency means that the rhythm at which the information is lost is
different in different scales. The information loss rate is greater in the short run than in the long run.
When we compare a page with the one immediately after it, we see that there is a greater
persistence in the number of times that a word appears (more pointed probability mass functions)
than when comparing the same page to one five pages after. At the same time, it means that the tails
are more stretched for the scale 1 and, there is thus a higher probability of finding rare events or
unexplained jumps which are not linked to the previous information. In the long run (in scale 5) the
jumps in the number of apparitions of the word is less important. Consequently, the long run
displays the author's basic line of thought as there is less loss of information and information in one
page seems to be drawn from information in the other page. Although it is more probable that the
number of words in two correlative pages is similar than the number of words 5 pages apart, in the
short run we may find jumps that may not be found in the long run. Those jumps do not transmit
information as they come back to the general trend: they are, in some sense, nervous movements of

the mind. The jumps in information in the short run do not take into account the previous
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information and probably, they do not transmit information immediately to the next page.*® These
jumps may be part of the effort of communication. They are comings and goings, struggles for
coming to the idea and for making others understand what we are trying to convey. In short, a signal
of the difficulties of communication becomes apparent. In this sense, all the texts might have some
level of this phenomenon, but the logic of the analysis leads to variations on the frequency of
apparition of crucial concepts. In this case, we propose that the cause of variation is the fact that the
author try to stick to reality or not. But, the greater or lesser intermittency may also be understood in

terms of other issue: the novelty of the theory. Let us explain this further.

In financial markets analysis, jumps represent great increases or decreases of the indexes
which can be associated to explosive pieces of information that affect the index in the short term
(Vindel and Trincado, 2010). Therefore, these jumps usually appear at small time scales and their
presence is associated to sporadic and rare events; if those events became usual, then the market
would foresee their appearance, making them less explosive. Besides when seeing a jump or large
price movements, it is reasonable to assume that people might stop their trading activities to
reevaluate their investing options (Amatyakul, 2009). The traditional companies that are a great
source of common knowledge tend to have less sharp jumps than the high-tech innovate firms.
Although the context is different, an analogy could be made with the theories of the three authors
studied. In both cases we are talking about a certain flow of information. New theories are not being
based on common knowledge. So, there must create jumps in information in the short run. When
the jump happens, the author stops its line of thought and re-evaluates his ideas. Conversely, words
understood in a traditional way must have a lesser degree of intermittency. Indeed, that happens
with the word utility, the probability mass functions of which we have represented in Figure 3.

Jevons considered utility in the traditional way, and actually he defines utility as Bentham did, as

15 If there were indubitable statistical evidence of persistence - e.g. of uniform or full probability of zero
differences in the frequency of these terms on every page, this will mean that the information flow is very steady;
however, the concept of intermittency of the turbulence tries to assess the different path of frequencies in consecutive
pages or in 1 to 5 pages and, so, if it is possible that the transmission is made in the long run or in the short run.
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Bentham “put forward the Utilitarian theory in the most uncompromising manner (...) The words of
Bentham on this subject may require some explanation and qualification, but they are too grand and

too full of truth to be omitted™" (Jevons, 1965, 23).
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Figure 3. Probability mass functions corresponding to scales 1 and 5 for the words analysed
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CONCLUSIONS

This article intends to be a programmatic study. It does some spadework by using some
statistical tools for the study of texts in the history of economic thought. This analysis provides us
with further explanations of some theoretical issues. In this respect, the first conclusion to be drawn
is that we may use a mathematical analysis for the study of the texts. Besides, this scientific
research programme brings closer the methodology currently used in economics and in other
scientific disciples to the one used in the history of economic thought. This article, then, calls for
inter-disciplinarily and for the interest of different disciples — history of economic thought,

statistics, econometrics, philology, psychology, mathematics or physics.

This study could even be understood as a tool of the experimental field of neuropsychology:
only from the recording of electrical activity in the brain functioning of living creatures may we
draw information; but words used in a text may provide us with at least some information about the

continuity of the thought of a dead man.

In any case, the results obtained could not have been drawn from a classical textual analysis.
In particular, we have explored the possibility that the perception of time by different authors may
affect the wording of their texts. The analysis made provides empirical support for such a general
psychological theory and is an inferential study with an empirical test using frequency of keyword
analysis. The conclusions have been drawn from the analysis of the frequency of appearance of the
words “capital, labour and utility” and from the variation of this frequency of appearance at

different scales in Jevons, Smith and Marx's masterpieces.

In particular, Jevons gives a lot of importance to the word utility and the variability

throughout the text in the use of the word is quite stable. Conversely, the importance that Jevons

gives to labor and capital is greater in the late chapters. For those words there is a lack of
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information transmission within the text. In contrast, Marx and Smith do not give any importance to
utility, something that may be evidence of their anti-utilitarian basis. Smith can deal with the
accumulation in time — in the present - more easily than a subjectivist theory based on the
succession of pleasures. For Marx the importance of labour also declines as the importance of

capital raises, the same as in his analytical conclusions.

Besides, there is a hierarchy in the persistence of both labour and capital for different
authors. This hierarchy seems to signal the authors' state of mind. Smith is clearly the most
persistent author, Marx wording is less persistent and Jevons displays the lesser persistence in both
words. Besides, for both Marx and Smith capital is more persistent than labour. If we consider
persistence synonymous with the author not being guided by an image, Smith seems to be the less

utilitarian author.

Finally, the probability mass functions for all the three authors and words display a similar
behavior regarding the intermittency of the turbulence. So, the information loss rate is greater in the
short run than in the long run for the three authors, and there is thus a higher probability of finding
in the short run unexplained jumps which are not linked to the previous information. Those jumps
do not transmit information as they come back to the general trend: they are a signal of the

difficulties of communication. The long run displays the author's basic line of thought.

However, as we have seen, the greater or lesser intermittency may be understood also in
terms of the novelty of the analysis of the different authors. Words understood in a traditional way
must have a lesser degree of intermittency. Indeed, the words labour and capital — with a high
variability between scales - are analysed in an innovative way by all of the authors; but the word
utility — with a low variability between scales - is considered by Jevons in the traditional way. This

analysis, then, may provide a way to assess originality in literature and, thus, furnish us with a way
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to defend the authors from the charge of plagiarism (the, it is a new defending argument in the case

Salim v. Smith! see Rashid, 1990).

We cannot give up to the temptation of addressing possible lines of study for improving the
analysis in future research. Certainly, the quantitative framework hereby proposed could be
expanded by providing statistical analysis of text wording for different distances or for more words
or group of words. Besides, more similar studies may be studied to see if we can draw some new
conclusions from the analysis. These conclusions should have to do with the flow of though: it may
be, then, the attention or inattention put by the author on the passage and, so, the emphasis placed
on it; or the anxiousness of the author in terms of the hostility he thinks he will find in his audience
towards his theory. In short, there are many other possibilities of interpreting the results. Our
interpretation of the data is only our option made; an option that we hope will be of interest to the

academia.
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