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This is part of a series of articles adapted from my contribution to the 50th
Anniversary Special Edition of The Journal of Portfolio Management.

Introduction

In his seminal work, The Structure of Scientific Revolutions (1962), the historian and
philosopher of science Thomas S. Kuhn coined the expression “paradigm shift” to
describe the path of scientific progress. In Kuhn's conception, science is not a linear
accumulation of knowledge but a series of revolutionary changes in the basic
concepts of leading scientific thinkers. Scientific thought progresses through periods
of "normal science,” when it evolves within an existing framework of consensus (a
paradigm). Accumulating inconsistencies in the prevailing paradigm then trigger a
crisis, leading to the emergence of new theories and ideas, resulting in a paradigm
shift where the old framework is rapidly replaced by a new one. In finance, this pattern
has recurred time and again.

Kuhn argues that these revolutions are not just episodes of cognitive change but are
also sociologically driven processes, as the acceptance of new paradigms often
requires a shift in the commitments and practices of the scientific community. Such
revolutionary change takes more than new data; it involves a complete overhaul of
the conceptual structure underlying scientific observation and understanding.

Kuhn's work anticipated the evolutionary biologists Stephen Jay Gould and Niles
Eldredge’s concept of “punctuated equilibrium.” Gould and Eldredge (1972) suggest
that evolution often occurs in bursts of rapid change (punctuations) separated by
long periods of relative stability (equilibrium)." Punctuated equilibrium propels
advances in many fields of science, including our own modest corner of the “dismal
science” of economics: the world of finance.

Initially, we cannot know which ideas are good and which are bad. If an idea proves its
merit in the crucible of aggressive criticism, it is eventually embraced. Innovative
concepts are challenged, then accepted as fact, eventually becoming received
wisdom, even dogma. Some of these concepts turn out to be myths, which are
eventually challenged and overturned, demonstrating the punctuated equilibrium of
science.
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Key Points

Revolutionary change in finance, as in other
disciplines, takes more than just new data.
Rather, it requires a comprehensive
restructuring of the prevailing frameworks of
scientific knowledge and inquiry.

Modern portfolio theory (MPT) and other pillars
of neoclassical finance are not always backed
by empirical data. This only reinforces their
transformative nature: Profits can be found in
the gaps between theory and the real world.

In quantitative finance, overreliance on data or
overreliance on theory may have their place.
However, a Bayesian approach, which blends
data and theory, is more likely to uncover lasting
insights.

Behavioral finance and neoclassical finance
differ on such fundamental concepts as whether
markets are efficient. But that doesn’t mean one
perspective should be discarded in favor of the
other. Both can inform our understanding of the
markets.
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“Punctuated equilibrium propels advances in many fields of science, including our own
modest corner of the ‘dismal science’ of economics: the world of finance.”

The Origins of Modern Portfolio Theory

Theories developed in the 1950s and 1960s formed the foundation of our current understanding of financial markets. Harry Markowitz
introduced modern portfolio theory (MPT) with his study of portfolio selection, mean-variance optimization, and the efficient frontier
in 1952, further refining it in 1956. In the 1960s, building on Markowitz's work, several innovators (Jack Treynor, William Sharpe, John
Lintner, and Jan Mossin) developed the capital asset pricing_model (CAPM), which posits that, in equilibrium, expected security
returns must be a linear function of market beta.?

Eugene Fama introduced the efficient market hypothesis (EMH) in 1970 and expanded on the thesis in his excellent 1976 book. In the
1970s and 1980s, we learned that the single equity market beta prediction of the CAPM was, at best, incomplete. In 1976, Stephen
Ross proposed the Arbitrage Pricing Theory (APT), an asset pricing model in which multiple factors influence the returns of individual
securities. In the 1980s, Nai-Fu Chen, Richard Roll, and Ross published convincing evidence that multiple factors do indeed determine
security returns and helped set the stage for factor-based strategies.

A field of study is not science unless it produces falsifiable theories. Ironically, the mere fact that empirical data does not always support
MPT, EMH, and the CAPM reinforces their revolutionary nature and their relevance as the scientific foundations of modern finance.
Contradictory data can highlight gaps between theory and the real-world behavior of capital markets. For example, the transition from
CAPM to APT, then to various anomalies and factors at odds with both, illustrates the punctuated equilibrium of scientific progress in
modern finance.

“A field of study is not science unless it produces falsifiable theories. Ironically, the mere
fact that empirical data does not always support MPT, EMH, and the CAPM reinforces
their revolutionary nature and their relevance as the scientific foundations of modern
finance.”

Until they are arbitraged away, such gaps can also be important sources of profit for investors. Fama (1976) shows that any test of the
EMH is really a joint test of the EMH and the particular asset pricing model used to test for efficiency. With Fama and French's Three-
Factor Model (1992, 1993), the EMH earned a new lease on life—albeit with a new twist: Some investors prefer to earn higher returns
than the market by owning unloved smaller-cap or lower-priced value stocks.

Behavioral Finance Emerges

In the 1990s, Richard Thaler applied and extended Daniel Kahneman and Amos Tversky's behavioral economics research to question
not just a single pricing model but also the rational decision-making assumptions of EMH and the CAPM. Thaler and others have
published compelling research suggesting that human decision-making is a far more complex process than Sharpe’s single-factor
model tacitly assumes.

Efficient markets are not a fact, they are a hypothesis, an attractive model of the way the world ought to work. To save EMH from
obsolescence, researchers now postulate a risk premium that varies across time, asset classes, and even individual assets. This raises a
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question: What's the difference between an inefficient market and a market in which the risk premium varies across time and from one asset to
the next?

While not even Fama suggests markets are 100% efficient, academia largely embraced EMH as a sound approximation of the real
world through at least the 1990s. But this is much less the case today. The “noise in price” model, with fair value following a random
walk and prices equal to fair value plus or minus a mean-reverting error, better reflects reality and explains a host of anomalies. This
does not mean that inefficiencies are stable. Once identified, they should be arbitraged away.

“Efficient markets are not a fact; they are a hypothesis, an attractive model of the way the
world ought to work.”

And so, the academic debate about market efficiency remains unresolved. For each new pricing anomaly and behavioral deviation from
mean-variance optimization, a more complex pricing model emerges that accounts for different investor preferences that may vary
over time. Jeremy Siegel (2006) has likened this process to pre-Copernican “epicycles” that explained planetary movements that
diverged from the accepted geocentric model even though the simpler heliocentric model works better. Isn't “noise in price” simpler
and more powerful than EMH with factor epicycles?

The Evolution of Finance Is Ongoing

Since these theoretical foundations of finance and investing were laid down half a century ago, we have seen the emergence of the
quant community—the revenge of the nerds—from an odd fringe into a dominant force in asset management. We have seen passive
management soar despite accusations of “investment socialism,” with passive investors free-riding on the price-discovery process that
is the central purpose of the capital markets. Along the way, many new ideas have been accepted as fact, then challenged, and in a few
cases eventually abandoned. We have seen smart beta and factor investing enthusiastically embraced, then questioned, then
cautiously reconsidered. Indeed, the plumbing of finance has changed amid a more serious focus on investing as a science.

Of late, we have seen a dramatic emergence of new tools and big data. There are fewer analysts, while the quality and quantity of
information have vastly increased. Artificial intelligence (Al) is the revolution du jour. Al is not new; it has been around for decades,
though its capabilities continue to grow exponentially. Moore's law is alive and well! Indeed, Al has refined the algorithms used in high-
frequency trading (HFT) for many years. User-friendly Al is new. That's the breakthrough. In the coming decades, Al will change our
lives in more ways than we can possibly imagine. But, as with the internet, computers, automobiles, trains, the telegraph, and other
revolutionary technologies, Al will transform our world more than we expect, but more slowly than we expect.

Each new breakthrough brings new insights, some brilliant and some flawed, with some debunking or amending seductive myths and
dogma in due course. A brief review of “scientific method” demonstrates how such myths can come and go.

Scientific Method: Data-First vs. Theory-First vs. Bayesian Approaches

The scientific method has roots going back to Aristotle and beyond, but it is neither widely understood nor widely used in finance
today. Indeed, | would argue that it is not widely used in the hard sciences, where confirmation bias still dominates. It begins with a
hypothesis, a belief about the way the world ought to work. We then use data to dispassionately test our ideas, not merely to prove
ourselves right, but to learn. A damning critique in the hard sciences is that a hypothesis is “unfalsifiable,” that it cannot be proven
wrong. Accordingly, as we test our ideas, a secondary goal is to falsify—or at least find the flaws in—our own hypothesis before others
do. To state the obvious, using a backtest to improve our backtest is the antithesis of the scientific method, even if it is all too common
in the quant community.
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Even within quantitative finance, three distinct practices have fought for preeminence, what | call the data-first, theory-first, and
Bayesian methods.

Data-first has been the method of choice in the factor community, which itself developed from a decades-long exploration of capital
market “anomalies.” What better way to earn tenure than to scour vast quantities of data to identify a previously unidentified anomaly
or factor? Why search for flaws in our hypothesis if our goal is tenure? Tarun Chordia, Amit Goyal, and Alessio Saretto (2020)
construct 2 million random factors using the CRSP database. The best-performing factor has a t-statistic of 9.01 for its CAPM alpha.

Chordia, et al, are not trying to find a fantastic new factor but to illustrate how data mining can lead us astray. Among the best factors
of the 2 million is (CSHO-CSHPRI)/MRC4. What the heck is that?

(Common Shares Outstanding - Common Shares Used to Calculate EPS)

Rental Commitments, Four Years Hence

Of course, no sensible investor would rely on something this peculiar, no matter the statistical significance. Even millions of tests can
lead us off course. Data-first means data mining. Relentless data mining is NOT scientific method. Using a backtest to improve the
backtest gives us a great backtest, not a good product.

Data-first has its place. Al applications for developing HFT algorithms, for example, with billions of data samples, don't need a prior
hypothesis. In applications with thousands or even millions of data samples, however, data-first is self-evidently dangerous. Most
research in finance and economics—whether for factors, asset allocation, or anomalies—relies on daily, monthly, or quarterly data. For
most such research (with the possible exception of tick data), there isn’t enough data to safely rely on a data-first approach.

“Relentless data mining is NOT scientific method. Using a backtest to improve the
backtest gives us a great backtest, not a good product.”

The theory-first method dominated the early stages of modern finance and still has many adherents in the academic finance
community. Theory-first disregards data and assumes that when the data does not support the theory, the data—not the theory—is
simply wrong or otherwise driven by anomalous outliers. The market is efficient, never mind evidence of market inefficiency. Expected
returns correlate to beta and little else, never mind extensive evidence to the contrary. The broader economic community suffers from
similar myopia. Fiscal and monetary stimulus promotes growth, never mind any data to the contrary. Theory-first is seductive because
the ideas make so much intuitive sense. As with data first, theory-first has its place, both as a foundation for Bayesian priors and in
arenas where data is lacking.

Unless data samples are either vast or more or less nonexistent, a Bayesian approach is more likely to lead to lasting insights than

theory-first or data-first. A Bayesian will blend data and theory, giving neither preeminence.® Both depend upon the other. A theory is
developed with care to identify validating empirical tests and then tested against the data. The data is not used to develop the theory.

The Next Evolution in Finance?

While our understanding of the nature of markets has evolved considerably since Markowitz and company established the key pillars
of modern finance, as this analysis demonstrates, the many debates in the discipline are far from settled.

Both the academic and practitioner communities in our industry are perhaps too complacent, and too invested in maintaining the

current equilibrium or paradigm. Too many people say, “Assuming this, then we can decide that.” Too few are willing to question those
basic assumptions. As fiduciaries, we owe it to our clients to be less accepting of received wisdom (which is too often dogma) and
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more willing to explore the implications of errors in the root assumptions of finance theory. These basic assumptions often fail when
they are tested. Flawed assumptions are not bad; they are our best source of learning. We can learn more and earn more by exploring
the many gaps between theory, received wisdom, and reality.

If neoclassical finance assumes markets are efficient, while behavioral finance assumes the opposite, do we discard the less convenient
theory? Isn't it better to recognize elements of truth in seemingly incompatible theories? Economics is not physics. Neoclassical
finance and behavioral finance both have important insights. By recognizing this possibility, we not only gain a richer understanding of
the markets, but we may also help catalyze finance's next paradigm shift and advance our little corner of the dismal science to the next
stage in its evolution.

“Flawed assumptions are not bad; they are our best source of learning. We can learn more
and earn more by exploring the many gaps between theory, received wisdom, and reality.”

If neoclassical finance assumes markets are efficient, while behavioral finance assumes the opposite, do we discard the less convenient
theory? Isn't it better to recognize elements of truth in seemingly incompatible theories? Economics is not physics. Neoclassical
finance and behavioral finance both have important insights. By recognizing this possibility, we not only gain a richer understanding of
the markets, but we may also help catalyze finance's next paradigm shift and advance our little corner of the dismal science to the next
stage in its evolution.
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End Notes

1. Gould and Eldredge’s model better explained certain patterns observed in the fossil record where bursts of evolutionary change were
followed by eons of comparative stasis. Species appear suddenly, persist largely unchanged for millions of years, and then disappear
without leaving much transitional evidence. “Punctuated equilibrium” supplanted gradualism, the previously accepted norm. This is no
less true in the evolution of ideas than it is in biological evolution.

2. Sharpe won Nobel recognition for his contribution (and rightly so!). Lintner, Mossin, and Treynor did not, albeit for different
reasons. Lintner and Mossin died in the 1980s, and the Nobel Prize is never awarded posthumously. | was lucky enough to be at a
conversation between Sharpe and Treynor during the 2000s at the Q group, in which Sharpe asked Treynor when he did the CAPM
work. Treynor said that he had written two papers in 1961 and 1962 and submitted them to a handful of journals. They were rejected
outright (not “revise-and-resubmit”). As he wasn’t an academic, per se, Treynor thought that was the end of it and let it go. Sharpe
expressed heartfelt empathy. The Treynor papers were widely circulated in industry circles (but not academic circles at that time) and
are available on SSRN.

3. The only time | saw Harry Markowitz seriously lose his temper was on this topic. A leading academic had written a paper critical of a
theory that Markowitz had found compelling, by constructing a hypothetical scenario in which the theory might not work. | remember

Markowitz shouting into the phone, “Your hypothetical bears no resemblance to the real world. I'm a Bayesian. You're clearly not a
Bayesian.” For Markowitz, this was a damning critique!
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The material contained in this document is for informational purposes only. It is not intended as an offer or a solicitation for the purchase and/or sale of any security, derivative,
commodity, or financial instrument, nor is it advice or a recommendation to enter into any transaction. Research results relate only to a hypothetical model of past performance (i.e.,
a simulation) and not to actual results or historical data of any asset management product. Hypothetical investor accounts depicted are not representative of actual client accounts.
No allowance has been made for trading costs or management fees, which would reduce investment performance. Actual investment results will differ. Simulated data may have
under- or over- compensated for the impact, if any, of certain market factors. Simulated returns may not reflect the impact that material economic and market factors might have
had on the advisor's decision-making if the advisor were actually managing clients’ money. Simulated data is subject to the fact that it is designed with the benefit of hindsight.
Simulated returns carry the risk that actual performance is not as depicted due to inaccurate predictive modeling. Simulated returns cannot predict how an investment strategy will
perform in the future. Simulated returns should not be considered indicative of the skill of the advisor. Investors may experience loss of all or some of their investment. Index returns
represent back tested performance based on rules used in the creation of the index, are not a guarantee of future performance, and are not indicative of any specific investment.
Indexes are not managed investment products and cannot be invested in directly. This material is based on information that is considered to be reliable, but Research Affiliates, LLC
(“RA") and its related entities (collectively “Research Affiliates”) make this information available on an “as is” basis without a duty to update, make warranties, express or implied,
regarding the accuracy of the information contained herein. Research Affiliates is not responsible for any errors or omissions or for results obtained from the use of this information.

Nothing contained in this material is intended to constitute legal, tax, securities, financial or investment advice, nor an opinion regarding the appropriateness of any investment. The
information contained in this material should not be acted upon without obtaining advice from a registered professional. RA is an investment adviser registered under the Investment
Advisers Act of 1940 with the U.S. Securities and Exchange Commission (SEC). Our registration as an investment adviser does not imply a certain level of skill or training. RA is not a
broker-dealer and does not effect transactions in securities.

Investors should be aware of the risks associated with data sources and quantitative processes used to create the content contained herein or the investment management process.
Errors may exist in data acquired from third party vendors, the construction or coding of indices or model portfolios, and the construction of the spreadsheets, results or information
provided. Research Affiliates takes reasonable steps to eliminate or mitigate errors and to identify data and process errors, so as to minimize the potential impact of such errors;
however, Research Affiliates cannot guarantee that such errors will not occur. Use of this material is conditioned upon, and evidence of, the user's full release of Research Affiliates
from any liability or responsibility for any damages that may result from any errors herein.

The trademarks Fundamental Index™, RAFI™, Research Affiliates Equity™, RAE™, and the Research Affiliates™ trademark and corporate name and all related logos are the
exclusive intellectual property of RA and in some cases are registered trademarks in the U.S. and other countries. Various features of the Fundamental Index methodology, including
an accounting data-based non-capitalization data processing system and method for creating and weighting an index of securities, are protected by various patents of RA. (See
applicable US Patents, Patent Publications and protected trademarks located at https.//www.researchaffiliates.com/legal/disclosures#patent-trademarks-and-copyrights, which
are fully incorporated herein.) Any use of these trademarks, logos, or patented methodologies without the prior written permission of RA is expressly prohibited. RA reserves the right
to take any and all necessary action to preserve all of its rights, title, and interest in and to these marks and patents.

The views and opinions expressed are those of the author and not necessarily those of RA. The opinions are subject to change without notice.
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