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KEY TAKEAWAYS

= This year marks the anniversaries of research that laid the foundation for a new
way to invest.

= Merton'’s Intertemporal Capital Asset Pricing Model (ICAPM) (1973), the Fama/
French three-factor model (1993), and Novy-Marx’s profitability research (2013)
underpin Dimensional strategies.

= In our first conversation, Bob Merton discusses ICAPM, which provided the
theoretical framework for multifactor investing.

How many investors appreciate the role financial science has had in the way we invest
today? Before financial science emerged in the middle of the 20th century, there was
only one way of investing—the traditional active way. People would research individual
stocks and bonds and buy a few that they thought were underpriced.

That changed when Harry Markowitz, a PhD candidate at the University of Chicago,
introduced the idea of Modern Portfolio Theory in his 1952 paper “Portfolio Selection.”
This theoretical paper suggests the steps an investor can take to build a portfolio that
balances efficiently the tradeoff between expected return and volatility. It was the first
big breakthrough in financial science and is still taught today as one of the cornerstones
of financial theory. Markowitz later became a Nobel laureate for this work.

Traditional active stock picking, however, remained about the only investment approach
until the early 1970s, when indexing emerged. This new approach offered broad
diversification, low cost, and transparency by holding all securities in a market index.
These characteristics appealed to investors who were familiar with the research of
Michael Jensen, another PhD student at Chicago, who in 1968 illustrated how few fund
managers outperformed the market, especially after their fees and costs were deducted.
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The year 2023 marks the anniversaries of several other breakthroughs in financial science,
which launched a third way of investing—factor investing—that combines the low cost,
transparency, and diversification of index investing with a systematic pursuit of higher
expected returns:

e Fifty years since the publication of Robert C. Merton'’s Intertemporal Capital Asset
Pricing Model (ICAPM), which provided the theoretical framework for multifactor
investing.

e Thirty years since the development of the three-factor model of Eugene Fama and
Kenneth R. French, which paved the way for the implementation of multifactor
systematic investing.

e Ten years since the publication of the profitability research of Robert Novy-Marx, which
added the profitability premium to the ranks of size and value as an important long-
term driver of expected stock returns.

These three milestones have truly changed the way we invest. They have opened the
door for investment strategies that pursue higher expected returns in a systematic,
diversified, and low-cost manner. When combined with a sound, lifelong financial plan
and the patience and discipline to stick to it, such strategies can transform people’s long-
term investment outcomes.

As a firm at the frontier of financial science, Dimensional has been a pioneer and a leader
in multifactor investing, transforming this rigorous theoretical and empirical research into
value-added, systematic investment solutions. We launched our first value funds in 1993
—a dozen years after our founding—and started incorporating profitability systematically
in 2013

In honor of these 50-, 30-, and 10-year anniversaries, | had the great fortune to interview
the pioneers themselves on their findings. In this series of three articles, | asked Bob,
Ken, Gene, and Robert about the impact and continuing relevance of their
groundbreaking work.

You might wonder how | managed to get ahold of all those luminaries. All four financial
economists have close ties with Dimensional. Bob Merton is our Resident Scientist. Ken
and Gene are consultants to Dimensional, as well as board members and shareholders.
Robert Novy-Marx is also a longtime consultant to the firm. All of them also sit on our
Investment Research Committee. As Global Head of Research at Dimensional and Co-
Chair of the Investment Research Committee (along with Ken), | feel privileged to work
closely with these brilliant minds on many innovative research and implementation
projects.

My first conversation was with Nobel laureate Bob Merton.

50 YEARS OF THE INTERTEMPORAL CAPITAL ASSET PRICING MODEL

In 1973, Merton, an academic at the Massachusetts Institute of Technology and future
Nobel laureate, published a theoretical paper that opened the door to a third way of
investing, one that offered some of the benefits of both active investing and indexing
(then still in its infancy): multifactor systematic investing. The paper showed that investors
generally demand compensation not only for holding assets that expose them to market
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risk but also for assets that expose them to other sources of systematic risk. Since the
paper was theoretical and did not pinpoint what those other sources of risk were, it
would be a while before multifactor investing took off and became a trillion-dollar
industry.

A decade earlier, among the key breakthroughs in financial science in the 1960s was the
Capital Asset Pricing Model, or CAPM, developed by William F. Sharpe, John Lintner,
and others. It provided us with a framework for how to think about asset allocation and
about expected returns. It said that, in equilibrium, all investors should hold some
combination of the market portfolio and a risk-free asset. The model also implied that
expected return on any investment is driven solely by its exposure to systematic market
risk.

Savina Rizova

: Bob, how did the Intertemporal Capital Asset Pricing Model, or ICAPM, change the
CAPM framework?

Bob Merton

: The ICAPM reflects that investors can revise their portfolios periodically during their
overall planning horizon, and so they not only care about current investment conditions
but future ones as well. Consequently, investors face additional systematic
[nondiversifiable] risks caused by stochastic [unpredictable] changes in the future
investment opportunity set, including interest rates, expected returns, and volatilities not
reflected in the one-period CAPM.

Savina

: So there might be unfavorable shifts in the future investment opportunity set, and long-
term investors would demand compensation for assets that expose them to those
additional sources of risk?

Bob

: Yes, and as a result, instead of an asset allocation with only one risky portfolio [in
equilibrium, the market portfolio], the optimal portfolio for each investor can be
expressed as an asset allocation among the market portfolio and "hedging” portfolios
for the nondiversifiable risks of investment opportunity set changes—collectively, the
"factors.”

Savina

: By taking a long-term perspective, the ICAPM transformed the single dimension of risk
in the original CAPM into multiple dimensions. So the straight line between risk and
return in the CAPM, known as the Security Market Line, becomes the Security Market
Hyperplane in your model. What is the significance of this?

Bob

: The CAPM Security Market Line that expresses each asset’s equilibrium expected
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excess return as proportional to its beta with respect to a single factor, the market, is
replaced in the ICAPM by the Security Market Hyperplane, in which each asset's
expected excess return equals the sum of its (multiple-regression) beta with respect to
each factor times the expected excess return on that factor, creating multiple risk
dimensions that cause differences in equilibrium expected returns across securities.

Savina

:Back in 1973, the CAPM said that there was only one driver of differences in expected
returns: the market factor. Your theory suggested there should be more factors. And this
is because investors worry not only about today’s investment opportunities but also
about those in the future. When you developed your multifactor theory, did you expect
that it would lead to a proliferation of factors?

Bob

: Yes, because once it is demonstrated that investors will optimally hold different risky
portfolios, the equilibrium market-cap-weighted portfolio will no longer be mean-
variance efficient; the CAPM will thus fail, and therefore, “alphas” will exist relative to
that benchmark, even in a frictionless perfect-market, informationally efficient
equilibrium world.

| anticipated that just as the ICAPM generalized the CAPM, opening the door to a richer
set of financial science developments, so the ICAPM demonstration that differences in
optimal risky asset allocation were not exclusively the result of market “mispricing”
would stimulate finance practice to materially expand factor strategies and products
offered, even for those investors who believe in market informational efficiency.

Savina

: The result of the competition to find new factors has led to more than 400 being
proposed and this collection of work being described as a “factor zoo.” This proliferation
of ideas is not necessarily helpful to investors and could be motivated by things other
than the pure pursuit of scientific reason. What's your take on that?

Bob

.1 did not envision the large size of the factor “zoo" as it has evolved. | had thought the
practical search for the additional dimensions of risk premiums beyond total-market risk
would be guided by theoretical specifications, such as stochastic changes in the
investment opportunity set—interest rates, volatilities, and expected returns—in much
the same spirit as the CAPM theory identified a cap-weighted market portfolio as the
benchmark portfolio to be tested.

Instead of such structural specifications, risk-premium factor identification has evolved
primarily as a reduced-form empirical process, exemplified by the ubiquitous classic
Fama-French three-factor model. In the absence of a priori structural constraints on
factor choices, the number of candidate factors that can produce seemingly statistically
significant risk premiums from the data is predictably much larger.

Savina
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- Where do you see financial science and investing evolving?
Bob

- It is always a challenge to forecast the future, and just so for the directions of financial
science and practice, since the arrival of new breakthrough discoveries are rarely
predictable. Nevertheless, | mention a few: There are only three ways to manage risk:
diversification, hedging (risk-free asset), and insuring (options). Currently the bulk of both
retail and institutional investing relies principally on the first two. | believe that goal-
based investing—the customization/tailoring of products and strategies to better serve
customer-specific objectives—will be a major trend in improving performance. Options
have a particularly important role to play in implementing goal-based investing.
Improving risk-forecasting using information extraction from the expanding number of
markets, particularly derivative markets, and lowering of dynamic trading costs to use
those markets, will improve performance through better control of realized volatility.

Savina

- What might be needed to make this type of innovation broadly adopted?

Bob

I hope to see a trend in financial-service products which follow the philosophy that the
product design should be based on what its users already know. Thus, to use it does not
require further financial education. This is already a competitive requirement in
automobile and mobile phone designs. It absolutely can be done in financial services as

well.

Whatever the future brings in terms of challenges and opportunities, | am confident that
financial science will play a significant part in their solution.

Dimensional Fund Advisors LP launched 41 years ago.

Savina Rizova is an employee of Dimensional Investment LLC, a subsidiary of
Dimensional Fund Advisors LP.

Eugene Fama and Ken French are members of the Board of Directors of the general
partner of, and provide consulting services to, Dimensional Fund Advisors LP. Robert
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The information in this material is intended for the recipient's background information and use only. It is provided in good faith and without
any warranty or representation as to accuracy or completeness. Information and opinions presented in this material have been obtained or
derived from sources believed by Dimensional to be reliable, and Dimensional has reasonable grounds to believe that all factual information
herein is true as at the date of this material. It does not constitute investment advice, a recommendation, or an offer of any services or
products for sale and is not intended to provide a sufficient basis on which to make an investment decision. Before acting on any information
in this document, you should consider whether it is appropriate for your particular circumstances and, if appropriate, seek professional
advice. It is the responsibility of any persons wishing to make a purchase to inform themselves of and observe all applicable laws and
regulations. Unauthorized reproduction or transmission of this material is strictly prohibited. Dimensional accepts no responsibility for loss
arising from the use of the information contained herein.

This material is not directed at any person in any jurisdiction where the availability of this material is prohibited or would subject
Dimensional or its products or services to any registration, licensing, or other such legal requirements within the jurisdiction.

"Dimensional” refers to the Dimensional separate but affiliated entities generally, rather than to one particular entity. These entities are
Dimensional Fund Advisors LP, Dimensional Fund Advisors Ltd., Dimensional Ireland Limited, DFA Australia Limited, Dimensional Fund
Advisors Canada ULC, Dimensional Fund Advisors Pte. Ltd., Dimensional Japan Ltd. and Dimensional Hong Kong Limited. Dimensional Hong
Kong Limited is licensed by the Securities and Futures Commission to conduct Type 1 (dealing in securities) regulated activities only and
does not provide asset management services.

RISKS

Investments involve risks. The investment return and principal value of an investment
may fluctuate so that an investor’s shares, when redeemed, may be worth more or less
than their original value. Past performance is not a guarantee of future results. There is
no guarantee strategies will be successful.

Diversification neither assures a profit nor guarantees against loss in a declining market.
UNITED STATES

Dimensional Fund Advisors LP is an investment advisor registered with the Securities and Exchange Commission.

Investment products: ® Not FDIC Insured e Not Bank Guaranteed ® May Lose Value
Dimensional Fund Advisors does not have any bank affiliates.

CANADA

These materials have been prepared by Dimensional Fund Advisors Canada ULC. The other Dimensional entities referenced herein are not
registered resident investment fund managers or portfolio managers in Canada.

This material is not intended for Quebec residents.

Commissions, trailing commissions, management fees, and expenses all may be associated with mutual fund investments. Please read the
prospectus before investing. Unless otherwise noted, any indicated total rates of return reflect the historical annual compounded total
returns, including changes in share or unit value and reinvestment of all dividends or other distributions, and do not take into account sales,
redemption, distribution, or optional charges or income taxes payable by any security holder that would have reduced returns. Mutual funds
are not guaranteed, their values change frequently, and past performance may not be repeated.
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AUSTRALIA

This material is issued by DFA Australia Limited (AFS License No. 238093, ABN 46 065 937 671). This material is provided for information
only. No account has been taken of the objectives, financial situation or needs of any particular person. Accordingly, to the extent this
material constitutes general financial product advice, investors should, before acting on the advice, consider the appropriateness of the
advice, having regard to the investor's objectives, financial situation and needs. Investors should also consider the Product Disclosure
Statement (PDS) and the target market determination (TMD) that has been made for each financial product either issued or distributed by
DFA Australia Limited prior to acquiring or continuing to hold any investment. Go to dimensional.com/funds to access a copy of the PDS or
the relevant TMD. Any opinions expressed in this material reflect our judgement at the date of publication and are subject to change.

NEW ZEALAND

This material is issued by DFA Australia Limited (incorporated in Australia, AFS License No. 238093, ABN 46 065 937 671). This material is
provided for information only. This material does not give any recommendation or opinion to acquire any financial product or any financial
advice product, and is not financial advice to you or any other person. No account has been taken of the objectives, financial situation or
needs of any particular person. Accordingly, investors should, before acting on the advice, consider the appropriateness of the advice, having
regard to the investor's objectives, financial situation and needs. Investors should also consider the Product Disclosure Statement (PDS) and
forthe Dimensional Wholesale Trusts the target market determination (TMD) that has been made for each financial product or financial
advice product either issued or distributed by DFA Australia Limited prior to acquiring or continuing to hold any investment. Go to
dimensional.com/funds to access a copy of the PDS or the relevant TMD. Any opinions expressed in this material reflect our judgement at the
date of publication and are subject to change.

WHERE ISSUED BY DIMENSIONAL IRELAND LIMITED

Issued by Dimensional Ireland Limited (Dimensional Ireland), with registered office 3 Dublin Landings, North Wall Quay, Dublin 1, Ireland.
Dimensional Ireland is regulated by the Central Bank of Ireland (Registration No. C185067).

WHERE ISSUED BY DIMENSIONAL FUND ADVISORS LTD.

Issued by Dimensional Fund Advisors Ltd. (Dimensional UK), 20 Triton Street, Regent's Place, London, NW1 3BF. Dimensional UK is
authorised and regulated by the Financial Conduct Authority (FCA) - Firm Reference No. 150100.

Dimensional UK and Dimensional Ireland do not give financial advice. You are responsible for deciding whether an investment is suitable for
your personal circumstances, and we recommend that a financial adviser helps you with that decision.

Dimensional UK and Dimensional Ireland issue information and materials in English and may also issue information and materials in certain
other languages. The recipient’s continued acceptance of information and materials from Dimensional UK and Dimensional Ireland will
constitute the recipient’s consent to be provided with such information and materials, where relevant, in more than one language.

NOTICE TO INVESTORS IN SWITZERLAND: This is advertising material.

JAPAN
For Institutional Investors and Registered Financial Instruments Intermediary Service Providers.

This material is deemed to be issued by Dimensional Japan Ltd., which is requlated by the Financial Services Agency of Japan and is
registered as a Financial Instruments Firm conducting Investment Management Business and Investment Advisory and Agency Business.

Dimensional Japan Ltd.
Director of Kanto Local Finance Bureau (FIBO) No. 2683
Membership: Japan Investment Advisers Association
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SINGAPORE

This material is deemed to be issued by Dimensional Fund Advisors Pte. Ltd., which is requlated by the Monetary Authority of Singapore and
holds a capital markets services license for fund management.

This advertisement has not been reviewed by the Monetary Authority of Singapore and should not be shown to prospective retail investors.
FOR PROFESSIONAL INVESTORS IN HONG KONG

This material is deemed to be issued by Dimensional Hong Kong Limited (CE No. BJE760) (“Dimensional Hong Kong"), which is licensed by
the Securities and Futures Commission to conduct Type 1 (dealing in securities) requlated activities only and does not provide asset
management services.

This material should only be provided to "professional investors” (as defined in the Securities and Futures Ordinance [Chapter 571 of the
Laws of Hong Kong] and its subsidiary legislation) and is not for use with the public. This material is not intended to constitute and does not
constitute marketing of the services of Dimensional Hong Kong or its affiliates to the public of Hong Kong. When provided to prospective
investors, this material forms part of, and must be provided together with, applicable fund offering materials. This material must not be
provided to prospective investors on a standalone basis. Before acting on any information in this material, you should consider whether it is
suitable for your particular circumstances and, if appropriate, seek professional advice.

Neither Dimensional Hong Kong nor its affiliates shall be responsible or held responsible for any content prepared by financial advisors.
Financial advisors in Hong Kong shall not actively market the services of Dimensional Hong Kong or its affiliates to the Hong Kong public.
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