ECOMNZTOR

Make Your Publications Visible.

Heimer, Thomas; Arend, Sebastian

Working Paper

A Service of

ﬂ I I I Leibniz-Informationszentrum
° Wirtschaft
o B Leibniz Information Centre
h for Economics

The genesis of the Black-Scholes option pricing

formula

Frankfurt School - Working Paper Series, No. 98

Provided in Cooperation with:

Frankfurt School of Finance and Management

Suggested Citation: Heimer, Thomas; Arend, Sebastian (2008) : The genesis of the Black-
Scholes option pricing formula, Frankfurt School - Working Paper Series, No. 98, Frankfurt

School of Finance & Management, Frankfurt a. M.,

https://nbn-resolving.de/urn:nbn:de:101:1-2008100601

This Version is available at:
https://hdl.handle.net/10419/27866

Standard-Nutzungsbedingungen:

Die Dokumente auf EconStor dirfen zu eigenen wissenschaftlichen
Zwecken und zum Privatgebrauch gespeichert und kopiert werden.

Sie durfen die Dokumente nicht fur 6ffentliche oder kommerzielle
Zwecke vervielfaltigen, 6ffentlich ausstellen, éffentlich zuganglich

machen, vertreiben oder anderweitig nutzen.

Sofern die Verfasser die Dokumente unter Open-Content-Lizenzen
(insbesondere CC-Lizenzen) zur Verfigung gestellt haben sollten,
gelten abweichend von diesen Nutzungsbedingungen die in der dort

genannten Lizenz gewahrten Nutzungsrechte.

WWW.ECONSTOR.EU

Terms of use:

Documents in EconStor may be saved and copied for your
personal and scholarly purposes.

You are not to copy documents for public or commercial
purposes, to exhibit the documents publicly, to make them
publicly available on the internet, or to distribute or otherwise
use the documents in public.

If the documents have been made available under an Open
Content Licence (especially Creative Commons Licences), you
may exercise further usage rights as specified in the indicated
licence.

Mitglied der

Leibniz-Gemeinschaft ;


https://www.econstor.eu/
https://www.zbw.eu/
http://www.zbw.eu/
https://nbn-resolving.de/urn:nbn:de:101:1-2008100601%0A
https://hdl.handle.net/10419/27866
https://www.econstor.eu/
https://www.leibniz-gemeinschaft.de/

Frankfurt School — Working Paper Series

No. 98

The genesis of the Black-Scholes
option pricing formula

by Prof. Dr. Thomas Heimer, Sebastian Arend

July 2008

Frankfurt School of
% Finance & Management
Bankakademie | HfB

Sonnemannstr. 9—11 60314 Frankfurt an Main, Germany
Phone: +49(0)69 1540080 Fax: +49(0)69 154008 728
Internet: www. frankfurt-school.de




The genesis of the Black-Scholes option pricing formula

Abstract

Innovations in the finance industry are an important tool to enhance profitability and to increase a
nation's wealth. It, therefore, is not astonishing that there is much empirical work on innovations in
finance. Most of the work however is concerned with the design of innovative products. The question
on how innovations are established and pushed through in financial markets is mostly neglected. Hardly
any asks: How do we develop new ways of pricing derivatives, how do we enhance risk control, how do
we generate new processes that may enhance the profitability of finance business?

The second sector innovation theory in the last decades has taken a different approach. To understand
innovation better researchers have focused on the question on how innovations have been emerging.
Studies on the history of innovations opened a promising line of research that helps to understand
innovation processes much better (see Hughes 1983 und Callon 1986).

A similar approach has yet not been adapted to innovation theories in financial markets." Accordingly it
is the articles objective to evaluate the outcome of a transfer of innovation theories from the second
into the third sector. The transfer is conducted on the example of the Black-Scholes option pricing
formula, an innovation with a strong influence on the efficiency of decisions in the option market. The
article shows how the innovation emerged and what factors influenced the diffusion process.
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"1t is D. McKenzie 2002 and 2003 who tried first to transfer those theories to explain the emergence of
innovations in financial markets
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The genesis of the Black-Scholes option pricing formula

1 The blue print: Innovation theory for the second sector and its
transferability

There is a long tradition in innovation theory in the second sector: for many decades the emergence of
innovations was discussed under the scheme of technology push. In that line of theory the main
hypothesis was based on the idea of an independent scientific world creating inventions that would
change the world. The main concern in that theory was how to provide a sufficient flow of knowledge
from science to research and industry. The emergence of innovations itself was not in the focus of the
approach.

This did not change with demand-pull theories either. Schmookler (1966), in a study tried to explain
that the innovation process was driven by the demand of people. Using the example of the railway
industry Schmookler showed empirical proof for his hypothesis. However, even Schmookler's theory was
not concerned with the generation of innovations itself. Rather, it gave an explanation on how
resources devoted to innovative activities were distributed (see Mowery, David, Nathan Rosenberg,
1979).

The generation of innovations as a topic of theory building entered the scene when several scholars
noticed that there is a social influence on the emergence of innovations (see Mowery, David, Nathan
Rosenberg, 1989; Nelson, R.R., 1987; Nelson, R.R., S.G. Winter, H.L. Schuette, 1976; Pinch, Trevor J.,
Bijker, Wiebe E., 1984; Rammert, W., 1988; Rosenberg, Nathan, 1982). It became obvious that the
idea of a technological determinism — as assumed in technology-push as well as demand-pull theories —
is no more convincing as an explanation of innovation processes. The innovation process is far more
complex and evolutionary than assumed in the theory of technological determinism. Even a solely
economic approach is not sufficient. It was shown in the literature that innovations are shaped by a
large  number of scientific, technical, economic and social factors (see Hughes 1983,
MacKenzie/Wajcman 1985). The conjunction of these factors could only be explained by an evolutionary
approach.

It was Giovanni Dosi (1983, 1984) who developed - in reference to Polany - the concept of a
technological paradigm as an explanation for the complex emergence of innovations. In a technological
paradigm the definition of problems is provided and promising paths to solve problems are developed.
Accordingly a technological paradigm can be understood as a bunch of "puzzle-solving" activities used
by people involved in generating innovations. In several empirical studies the concept had been used to
explain the emergence of single innovations successfully (Orsenigo 1989; Dosi 1984; Heimer 1993).

The discoveries made by evolutionary studies have a strong impact on the way industrial innovation
processes are designed today. As has been shown by Phillip Vergragt (1988) the emergence of
innovations can be explained by three factors: Problem definition, agreement on a problem solving
approach and critical events that prevent the problem solution from being successful.

Based on these three factors the emergence of innovations follows the described path. The theory starts
from the assumption that the innovation process is socially shaped. Accordingly individuals play a major
role in innovations. In his rejection of technological determinism he assumes that all technological
problems in principle are solvable by human actors.

4 Frankfurt School of Finance & Management
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Actors involved create a problem to be solved. In the process of problem creation a definition of various
perspectives of what a problem is come together. As will be shown below the definition of a problem is
going along with a completely new perspective on the construction of the corridor of opportunities. The
Black Scholes formula, for instance, is no answer to problems linked to a world of equilibrium. With the
new definition of a world of arbitrage, however, the problem solved by Black and Scholes become a
dominant perspective.

If there is an agreement among the actors involved on the dominant problem definition, all actors
involved attempt to get the problem solved. During that process minor adjustments of the problem
definition might take place. The main activity is, however, is focused on using existing paradigms to
solve the problem defined.

These activities continue until a critical event occurs. Critical events are either a successful completion of
the problem solving activity or a new major occurs that can not be solved by the actors involved.
Second type critical events might be solved by a major adjustment of the problem definition or by the
integration of new actors into the problem solving activity.

Critical event
state regulations
Aetsrs competitors
(interests, price fiuctuations F N
resouIces) firm's new priorities
rearganizations
_J 4
P dominant
iati decision ' ;
Negotiations M problem "miche"
Problem . eareimeril definition | -
Definitions ' T
. | I
Critical ressarch avent Y
(success, failure,
problem shift)
4
L |
Figure 1:  Industrial Innovation Model

In Vergragt's case study on the emergence of innovations in the chemical industry in the Netherlands he
could proof his hypothesis. The transfer of evolutionary innovation theories from the use in the second
to the third sector means to evaluate the fruitfulness of explaining and understanding the emergence of
financial innovations under the frame of the above mentioned three factors. What is the problem
definition of the actors involved in the emergence of the financial innovation? How did they agree to
solve the problem? Have there been any critical events that threatened the success of the problem
solving strategy?
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2 The innovation of the Black-Scholes option pricing formula

In the following the innovative emergence of the Black-Scholes option pricing formula will be discussed
in terms of innovation theory. In doing this, we transfer the innovation theory of the second sector to
the third sector. First, the paradigm change exemplified by the formula will be described. In a second
step, we show how this paradigm change was achieved: we describe the process of how the formula
was generated and apply an evolutionary model to clarify how the actors rejected the existing paradigm
and introduced a new paradigm in finance.

2.1 Paradigm Change

The Black-Scholes option pricing formula is a pricing algorithm for European call options on stocks
without dividends.” The formula was first published in 1973 by Fisher Black and Myron Scholes;
however, in the same year, Robert C. Merton provided extensions and an alternative derivation of the
formula.’ From the viewpoint of innovation theory, the Black-Scholes option pricing formula is of
interest because it constitutes a paradigm change. Before the publication of the formula, finance was
dominated by the paradigm of risk-based pricing models rooted in an equilibrium (neoclassic) thinking
with the Capital Asset Pricing Model (CAPM) being the most prominent example.

Equilibriutm Ivlodels Lrkitrage Ivbdels
Riskbased Pricing Ivbdels Lahittage-based Pricirg Ibdels
C AP BlaclsScholesMvErton

Figure 2:  Paradigm Change

The Black-Scholes option pricing formula marks an important step towards contemporary finance with
its arbitrage-based* pricing models and the related paradigm of arbitrage theory. The Black-Scholes
option pricing formula is the first and - perhaps - most important example of the class of arbitrage
pricing models. On the one hand, the formula is a scientific innovation; on the other hand, it should be
clear that it is also an economic innovation: Using the Black-Scholes option pricing formula it was
possible for the first time to compare the price resulting from supply and demand with the analytical
value of an option.?

% See Black/Scholes, 1973, p. 637-654

3 See Merton, 1973(a), p. 141-183; Black/Scholes, 1973, p. 641, footnote 3

* The Arbitrage-based derivation of the Black-Scholes Option pricing formula goes back to Merton, see Black/Scholes, 1973,
p. 641, footnote 3

> The Black-Scholes Option pricing formula has been heavily criticized, among others, because it is based on the unrealistic
assumption of a frictionless market (see Shah, 1997, p. 3337-3342). Therefore, it is argued that the formula can never yield
the correct price of an option but rather an approximation of the correct market price. The fact that the market price is
often identical to the theoretical Black-Scholes price is explained by a 'self-fulfilling prophecy' constituted by the use of
the formula (see Shah, 1997, p.3337-3342.) Black admits that: " ... traders now use the formula and its variations
extensively. They use it so much that market prices are usually close to the formula even in situations where there should
be a large difference: situations, for example, where a cash takeover is likely to end the life of the option or warrant"”
(Black, 1989, p. 8). The analytical correctness of the formula on the basis of its assumptions has been proven numerously.

6
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The genesis of the Black-Scholes option pricing formula

The creative and invaluable contribution of Black and Scholes to option pricing theory was their
"tinkering ", starting from the CAPM, their thought process enrolled to recognising that hedging must
lead to the risk-free interest rate replacing the stock's expected return. This allowed the Black-Scholes
partial differential equation to be derived and subsequently solved for the Black-Scholes option pricing
formula. Thereby, they laid the foundation for the first major application of Arbitrage Theory
(Discounting). Merton's creative contributions consist of the idea of the arbitrage portfolio and the
application of Itd-Calculus, laying the rigorous foundation (Duplication). The term “sisk-neutral
valuation” (See Hull, 2000, pp. 205) has become the generic term for pricing via arbitrage portfolios.
The crucial difference between the paradigm of equilibrium models and the paradigm of arbitrage
models is, (besides the more technical innovation of using a different math in form of the It6-Calculus),
the fundamentally different assumptions used. In equilibrium models (in general and especially in the
CAPM), the user has to make assumptions about risk preferences of individuals whose behavior must
be modeled. Therefore, the CAPM always returns the risk-return tradeoff: An investor will only accept a
risky security if, and only if, he is adequately compensated by a higher return. By contrast, the risk-
return tradeoff is irrelevant for arbitrage models because the valuation is conducted on a risk-neutral
basis (as the hedging portfolios are risk-free, they must earn the risk-free rate).

2.2 Process of generating the Formula and Application of an Evolutionary
Model

Neither of the two approaches of Arbitrage Theory shown in Exhibit 2 was consequently and rigorously
employed by Black and Scholes in their 1973 article’; the derivation of the Formula was not free from
mathematical flaws. Examples of the correct derivation can be found in Baxter/Rennie® (Discounting)
and Schindler et al.? (Duplication). Discounting requires the application of the Martingale techniques
and solving a stochastic integral, where as duplication requires the 1t6-Calculus and solving a stochastic
differential equation. Both approaches yield the same results: Using the Black-Scholes differential
equation, one obtains the Black-Scholes option pricing formula. Though neither of the approaches was
adhered strictly to, Black and Scholes' article introduced both approaches and Arbitrage Theory itself
into modern finance.

Therefore, this discussion shall not be prolonged here, but was only mentioned for reasons of completeness. The concept
of the 'self-fulfilling prophecy' goes back to Merton's father, Robert King Merton (see Merton, 1948, p. 193-210).

® which will be described below in further detail

! Although they “proved* the formula via the CAPM and via arbitrage portfolios

8 Baxter/Rennie, 2002

? Schindler et al., 1994, p. 1-76

10 gee Musiela/Rutkowski, 1998
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Derwation of the Blackacholes Option pricing

formula
Lahitraze Theory
Discounting Duplication
| I
Ilartingales Itd — Calculus
| I
Stochastic Integral stochastic Differential Equation

| I
Black-Scholes Duffere nbial Ecpation

| I
Black-5choles Option pricing formmla

Figure 3:  Derivation of the Black-Scholes option pricing formula

The starting point was the search for a warrant pricing formula initiated by Samuelson", and then
taken forward by Black, followed by Black and Scholes and later Merton. Ultimately, the path led to the
solution of another problem, i.e. option pricing that will be described and analyzed below.

First, we will describe the dominant problem definition of the actors and give an overview of the
process of finding the option pricing formula. Second, the Research Line of the actors along three
critical research events will be analyzed. Third, we will show how the fourth critical research event, a
second order critical research event as described above, caused re-negotiations among the actors and
the shift of the dominant problem definition. This problem shift allowed to overcome the existing
paradigm of equilibrium models and to accelerate the establishment of the paradigm of arbitrage
models.

2.3 The dominant problem definition and overview of the process of
finding the option pricing formula

Fisher Black'? portrayed the process of the genesis of the Black-Scholes option pricing formula, at least
in its beginning, as “zinkering ". 1t can however not be concluded that this tinkering was conducted
randomly and that the discovery of the formula was therefore a "random success”. On the contrary, it
has to be acknowledged that Black, before he started his research, had clearly defined his problem, i.e.
finding a warrant pricing formula, as well as a possible road map to achieve it: the CAPM. He convinced
Merton and Scholes to join his problem definition. Hence, a dominant problem definition was in place
as well as a possible solution within the given economic paradigm of equilibrium models.

i Samuelson, 1965
"2 Black, 1989, p. 4

8 Frankfurt School of Finance & Management
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The genesis of the Black-Scholes option pricing formula

Black and Scholes as well as Merton were influenced by the CAPM and its related paradigm. In 1965,
Black came in touch with the CAPM for the first time: “/ began to spend more and more time studying
the capital asset pricing model and other theories in finance. The notion of equilibrium in the market for
risky assets had great beauty for me . Mehrling" goes as far as to interpret the CAPM and its
variations and developments as the center of Black's work as a whole. Scholes received his PhD from
the Graduate School of Business in Chicago where he was throughly introduced to this paradigm.
Together with Fisher Black and Michael Jensen, Scholes tested the model empirically.” Merton studied
Portfolio Theory and the CAPM when he worked with Samuelson on the pricing of warrants.
Furthermore, he developed an intertemporal version of the CAPM." Black's and later Black's and
Scholes' first attempts on their way to the option pricing formula were based on the CAPM.' Black and
Scholes discussed their work with Merton before the publication of their first article in 1973. It was him
who pointed out that it was unnecessary to fall back on the CAPM to derive the Black-Scholes option
pricing formula. "

The Black-Scholes differential equation which can be solved for the Black-Scholes option pricing
formula was discovered by Black in 1969.% By 1965, Black worked for the consulting firm Arthur D.
Little, Inc. where Jack Treynor was one of his colleagues. Treynor had derived the CAPM
independently?' from Sharpe, Lintner and Mossin and introduced Black to the model.”” In the following
years, Black not only applied the model to stocks and bonds but also tried to find a warrant pricing
formula® based on the CAPM. In 1969, this research led to the partial differential equation which later
became known as the Black-Scholes differential equation.”

As Black based his reasoning on the CAPM, it was necessary to calculate the expected value of the
stock at the maturity date of the warrant. Depending on this, the expected value of the warrant could
be estimated and discounting this expected value yielded the present value of the warrant. However, to
apply this method, the expected return of the stock was regarded exogenously as was the appropriate
discount rate to discount the expected payoff of the warrant. The warrant's risk depends on both the
stock price and on time. Black experimented with the CAPM to mirror these dependencies:

"I applied the capital asset pricing model to every moment in a warrant's life, for every possible stock
price and warrant value. To put it another way, | used the capital asset pricing model to write down
how the discount rate for a warrant varies with time and the stock price. This gave me the differential
equation. " *

Black was unable to solve the equation, but made the important discovery that some variables which he
had initially used were not part of the differential equation:

'3 Black, 1989, p. 5

'* Mehrling, 2000, p. 1-39

15 See Scholes, 1998, p. 353, see Black/Jensen/Scholes, 1972, pp. 79-121

'6 See Bernstein, 1992, p. 214-215

'7 See Merton, 1973(b), p. 867-887

'8 See Black, 1989, p. 6, Dunbar, 2001, p. 32-34

' See Black/Scholes, 1973, p. 641, Footnote 3, Dunbar, 2001, p. 35

20 See Black, 1989, p- 5. Bachelier (1900) & Samuelson (1965) found it before.

21 _ but obviously never bothered publishing it -

22 See Black, 1989, p. 5

2 In the 1970s warrants were in the center of interest instead of options because warrants were publicly traded. The OTC
market for options was regarded as being "imperfect” (Black, 1989, S. 5) because of doubtful business practices (see
Dunbar, 2001, p. 31-32; Bernstein, 1992, p. 209).

* See Black, 1989, p. 5

* Black, 1989, p. 5
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The genesis of the Black-Scholes option pricing formula

" The warrant value did not seem to depend on how the risk of the stock was divided between risk that
could be diversitied away and risk that could not be diversitied away. It depended only on the total risk
of the stock (as measured, for example, by the standard deviation of the return on the stock). The
warrant value did not depend on the stock's expected return, or on any other asset's expected return.
That tascinated me. But | was still unable to come up with the formula. So / put the problem aside and
worked on other things. " *®

In 1969, when Black and Scholes jointly worked on empirical tests of the CAPM, they discussed the
warrant pricing problem.”” Black and Scholes continued where Black had failed: Black had already
discovered that the warrant's price was independent of the stock's return itself, but depended on the
volatility or standard deviation of the stock's return. " We decided to try to assuming that the stock's
expected return was equal to the [risk-free/ interest rate. ... . In other words, we assumed that the
stock’s beta was zero, all of its risk could be diversified away. " *® Going forward, Black and Scholes
assumed a constant risk-free interest rate and a constant volatility of the stock's return. Since
Samuelson's article on warrant pricing in 1965% it was known that stock prices are lognormally
distributed and follow a geometric Brownian motion. Sprenkle®® had made the same assumptions for
the stock price; on this basis Black and Scholes assumed the risk-free rate at the stock's return and used
Sprenkle's pricing formula: " By putting the [risk-free] interest rate for the expected stock return into his

formula, we got the expected terminal value of the aption under our assumptions. ".”'

However, Black and Scholes were looking for a formula giving the present value of an option, not its
value at maturity. After having made an assumption about the stock's return, they therefore had to
make an additional assumption regarding the appropriate discount rate: " Rather suddenly, it came to
us. We were looking for a formula relating the option value to the stock price. If the stock price had an
expected return equal to the [risk-free] interest rate, so would the option. After all, if all the stock's risk
could be diversified away, so could all the option’s risk. If the beta of the stock were zero, the beta of

the option would have to be zero. ". >

Hence, from the assumption of the risk-free interest rate as the stock's return, Black and Scholes
concluded that the appropriate discount rate for the warrant had to be the same risk-free interest rate.
The present value of the warrant could now be calculated. Even more, the assumption of the risk-free
interest rate as the warrant's return allowed Black and Scholes to solve the differential equation
discovered Black with the analytic solution being the Black-Scholes option pricing formula.”

Based on the CAPM, Black and Scholes finally came up with the option pricing formula. When they
discussed their result with Merton, he pointed out that the CAPM was not necessary to derive the
option pricing formula and that the use of the risk-free interest rate could be justified otherwise, but not
within the CAPM.** After all, Black and Scholes assumption of the risk-free interest rate as the stock's
return and the warrant's return was arbitrary. The warrant's price was independent from the stock's
return; hence, one can only conclude that every assumption for the stock's return is justified, 7o, that
the assumption of the risk-free interest rate as the stock's return is the on/yjustified assumption.

%6 Black, 1989, p. 6

7 See Scholes, 1998, p. 354

28 Black, 1989, p. 5

2 See Samuelson, 1965, p- 41-49

3% Sprenkle, 1961, p. 412-474

3! Black, 1989, p. 6

32 Black, 1989, p. 6

33 See Black, 1989, p. 6, Dunbar, 2001, p. 34
** See Dunbar, 2001, p. 35
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Merton proposed to additionally assume that continuous trading in securities was possible. On the basis
of this assumption, Merton argued that it should be possible to construct a portfolio of stock and
warrant or option that was virtually riskless and therefore yields a return equal to the risk-free interest
rate. Simplified, Merton's argument works as follows: As option and stock depend on the same source
of risk (volatility), a portfolio with the correct mixture of a long position in stocks and a short position in
options or vice versa has to be riskless because the risk is once bought (long) and once sold (short).
Further, if short selling was possible without restrictions, it should be possible to keep the portfolio
riskless for the lifetime of the option by continuously buying or selling whenever the stock price
changes.

By then applying It6-Calculus®, Merton was able to derive the Black-Scholes option pricing formula
based on the concepts of a duplication portfolio and a self-financing, dynamic and stochastic
duplication strategy: " Merton made a number of suggestions that improved our paper. In particular, he
pointed out that if you assume continuous trading in the option or the stock, you can maintain a
hedged position between them that is literally riskless. In the final version of the paper, we derived the
formula that way, because it seemed to be the most general derivation. "> Black and Scholes' article
was published in the May 1973 edition of the Journal of Political Economy.”’

2.4 "Research Line” and first “critical research event”

During the described search process, the ‘“research /ine” can be clearly defined. The first “aritical
research event " on the way to the option pricing formula was Black's meeting with Treynor and his
introduction to the CAPM. Thereby, Blacks growing interest in finance was nurtured by his mastering
the existing economic paradigm. It was Blacks task with Arthur D. Little to advice clients in portfolio
management.®® Dunbar states: “Like Treynor, he [Black] was unimpressed by academia ....". ** From
Blacks professional duties as well as from his attitude towards academia, one may conclude that his
interest in the CAPM and his attempts to apply the CAPM to many different asset classes was more
pratically then scientifically motivated (even though he held a PhD in Applied Math®). Black was not an
academic as Scholes, an assistant professor at the Massachusetts Institute of Technology (MIT) and
assistant to Samuelson at MIT. Therefore, the network formed between Black, Scholes and Merton is
more reminiscent of industrial R&D networks, as opposed to purely academic networks.

Given the heterogenity' of the actors, it is appropriate to interpret the genesis of the Black-Scholes
option pricing formula not only as a scientific invention following solely scientific motivations; but also

35 See Hackenbroch/Thalmeier, 1994, p- 193 ff.

% Black, 1989, p. 6

7 In 1972, Black & Scholes had a paper in the Journal of Finance testing the formula, p. 399-418

38 See Bernstein, 1992, p- 209

39 Dunbar, 2001, p. 32

0 See Black, 1989, p. 5

*! The fact that Black was not a scientist in the literal sense of the word was an obstacle when he and Scholes tried to publish
their work; at least it seemed so to Black: "I suspect that one reason these journals didn't take the paper seriously was my
non-academic return address" (Black, 1989, S. 7). Scholes had others things in mind: "I felt that I was an unknown
assistant professor and the paper would not be considered broad enough for those academic journals" (Scholes, 1998, S.
356). It was Merton Miller and Eugene Fama who finally helped Black and Scholes and placed their article in the Journal
of Political Economy (See Scholes, 1998, p. 356). However, Black and Scholes were not the only ones who, at least for
some time, unsuccessfully claimed recognition for their work. They suffered the fate of many "paradigm breakers":
Bachelier did not succeed in convincing his professor Poincaré of his dissertation (See Dunbar, 2001, pp. 11) and
Markowitz' dissertation on 'Portfolio Selection' was almost rejected in Chicago - Milton Friedman claimed that Markowitz'
problem was too special to be considered in economics (See Bernstein, 1992, p. 60). Black and Scholes as well as
Markowitz have finally received the Nobel price for their works, while Bachelier remained forgotten during his lifetime
(See Dunbar, 2001, pp. 11).
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The genesis of the Black-Scholes option pricing formula

as a commercial innovation because Black's interest in finance was commercially motivated: “Our first
thought was to publish a paper describing the formula. Later, we thought also about trying to use the

formula to make money trading in options and warrants. ". **

2.5 The second “critical research event”

Black’s knowledge of the CAPM and its inability to provide satisfactory answer to the warrant pricing
formula required him to move beyond “normal science” (i.e. the given equilibrium paradigm) to a
“dominant problem aefinition” which finally yielded the Black-Scholes option pricing formula. The
second “critical research event” in this process is Black's failure to solve the partial differential
equation: "/ spent many, many aays trying to find the solution to the equation. ... But | was still unable
to come up with the formula. So | put the problem aside and worked on other things. " *

One can imagine a scenario in which this failure, creating a discontinuity and being the cause for Black
giving up his niche, would have lead to the end of the project as a whole. However, the third “ariitical
research event " prevented this outcome.

2.6 The third “critical research event”

“In 1969, Myron Scholes was at MIT, and | had my office near Boston, where | did both research and
consulting. Myron invited me to join him in some research activities at MIT. We started working
together on the option problem, and made rapid progress. " ** Before Scholes entry, the network
consisted of Treynor and Black, two finance professionals, who were now joined by an academic. With
respect to the education and experiences of its participants, the network was obviously not
homogenous and with respect to its participants the network was not stable. On the contrary, the
network carries the characteristics of an open, fragile network as described by Callon and Latour. Black
and Scholes' research took place under a “dominant problem definition” and within the given
equilibrium paradigm; nevertheless, as their research progress, the limitations of this paradigm became
obvious. Dosi characterizes research within a given paradigm as a process and an “ ... /ntrinsically
uncertain activity of search and problem-solving based upon varying combinations of public and private
. knowledge, general scientific principles and rather idiosyncratic experience, well-articulated
procedures and rather tacit competences. " * This description fits Black and Scholes' procedures when
they tried to find the warrant pricing formula. It was neither sure that they would come up with a
solution at all, nor was it predictable that the solution would be the Black-Scholes option pricing
formula. The application of the CAPM clearly proved the limitations of the paradigm; Black and Scholes
were only able to circumvent this obstacle by arbitrarily assuming the risk-free rate as both the stock's
and the warrant's return, an assumption which could not be justified within the CAPM.

n u

2.7 Fourth “critical research event”, “re-negotiation” and shift of
“dominant problem definition”

Therefore, the entry of the third decisive actor, Merton, into the network can be interpreted as the result

of the partial failure of Black and Scholes, who were able to come up with a formula, but not to

rigorously derive it. Merton caused a problem shift by emphasizing the fact that the formula could be
derived without actually using the CAPM and thereby independent of the given paradigm. Before his

2 Black, 1989, p. 6
3 Black, 1989, p. 5-6
“ Black, 1989, p. 6

* Dosi, 1990, p. 233
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entry, the “dominant problem definition " was finding a warrant pricing formula; with his entry, the
“dominant problem definition " shifted to finding an alternative derivation of the Black-Scholes option
pricing formula. The “dominant problem definition “ was re-negotiated among the actors and Merton's
entry constitutes the fourth “critical research event”. Furthermore, another discontinuity can now be
identified: Black and Scholes were already - at least to some extent - acting outside the given paradigm
before Merton entered the network by making their assumptions about the risk-free interest rate not
justifiable within the given paradigm. Merton completed this paradigm change by justifying Black and
Scholes' assumption, but of course not within the given paradigm. Instead, by arguing with an arbitrage
portfolio, he laid the foundations of the new paradigm of Arbitrage Theory. Black was immediately
convinced by this argument. Bernstein cites Black: “A key part of the option paper | wrote with Myron
Scholes was the arbitrage arqument for deriving the formula. Bob gave us that arqument. It should
probably be called the Black-Merton-Scholes paper. . *°

“ Bernstein, 1992, p. 223; In a footnote of their 1973 article, Black and Scholes mention that the arbitrage argument goes
back to Merton (See Black/Scholes, 1973, p. 641, footnote 3); in the same year, Merton published an article dealing with
option pricing and extending the Black-Scholes Option pricing formula to the case of stock with a constant dividend yield
(See Merton, 1973(a), p. 141-183). Merton claims to be the first who labelled Black and Scholes model the Black-Scholes
Option pricing formula: "I am also responsible for naming the model 'the Black-Scholes Option Pricing Model. ... My 1970
working paper was the first to use the 'Black-Scholes' label for their model ... " (Merton, 1998, p. 326). Though mutual
recognition seems to have been strong among the actors, for reasons of completeness a final remark has to be made further
illuminating their relationship: "We were both working on papers about the formula, so it was a mixture of rivalry and
cooperation” (Black, 1989, S. 7).
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3 Conclusion

The article’s objective was to analyze the emergence of the Black-Scholes option pricing formula in
terms of innovation theory and namely by concepts developed for the second sector. In a first step,
these concepts have been briefly described. Second, in reference to models on innovation in the second
sector, we adopted the evolutionary explanation of innovation and identified the existing paradigm in
finance before the invention of the Black-Scholes option pricing formula: the paradigm of equilibrium
models with the CAPM being the most well known example. We showed how Black and Scholes,
rooted in the paradigm of equilibrium, tried to present an option pricing formula on the basis of this
paradigm. We found that they, in creating an option pricing formula, accelerated the advent of a new
paradigm in finance: the paradigm of arbitrage models. This is because the correct derivation of the
formula was not done in an eqilibrium setting but, with the help of Robert Merton, in an arbitrage
setting.

Third, interpreting the search for the Formula as an interaction of actors (most importantly Black,
Scholes and Merton) in a network, we analyzed the process of creating the formula and establishing a
new paradigm. Analogies can be found between the process in an industrial R&D laboratory identified
by Vergragt and the conduct of research that finally culminated in the Black-Scholes option pricing
formula, i.e. the dominant problem definition of the actors ( “#inding a warrant pricing formula )

a research line along three critical research events ( (7) Black meeting Treynor and being introduced to
the CAPM, (2) Black's tailure in solving the differential equation, (3) Scholes’ entry into the network)

a second order critical research event that finally caused a re-definition of the problem and its solution
in form of the Black-Scholes option pricing formula (Merton's entry and his derivation of the formula
without the CAPM)

We find that the transfers of concepts used for explaining innovations in the second sector are fruitful
approaches to explain innovations in the financial sector. We are convinced that the transfer to further
innovations in the financial sector will help us to better understand the innovation process in financial
markets.
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