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Jonathan  Kelly, thanks for joining us. You recently wrote an article called “Can the Market Multiply and Divide?
Non-Proportional Thinking in the Financial Markets.” Can you explain to us what non-proportional
thinking means?

Kelly Proportional thinking means thinking in percent or proportions, and non-proportional thinking means
thinking in dollar units. Investors in financial markets should always be thinking in percent or return units,
because the share price of a financial security has no inherent meaning. The share price is determined simply

by how many shares of stock are divided into a company’s market capitalization.

Why might investors start thinking in dollars when they shouldn’t? Because media outlets, such as the Wall
Street Journal, have historically reported only the dollar price in share movements relative to the previous
day, and modern iPhone apps, for example, show the daily price change by default, so the user has to go into
settings and turn on return units.

To see how non-proportional thinking can distort financial returns, let's consider two otherwise identical
stocks: one is $20 per share and the other is $30 per share. The $20 per share stock’s market capitalization
is divided into more shares, so it has a lower share price.

Suppose a piece of news arrives: both companies have a new CEO, who is known to be skilled. What should
happen is that both the $20 stock and the $30 stock go up in value by the same percentage return, but if
investors think in dollar units, they might reason that both stocks should go up in value by one dollar each.

This leads to a return overreaction for the lower-priced stock because the return is just a dollar divided by the
share price. The same thinking is also going to lead to a return underreaction for the higher-priced stock, and
all of this is going to lead to mispricing in financial markets.

Jonathan  Can you talk us through some of those implications? You have mentioned underreaction and
overreaction. It sounds like it has to do with volatility.

Kellv In non-proportional thinking, when investors react to news in dollars, it leads to greater return reactions for
lower-priced stocks and that translates into higher return volatility for the lower-priced stocks and lower
return volatility for higher-priced stocks.

The same predictions actually apply to measures of market beta. For aggregate market news, when investors
react in dollar units, the lower-priced stock is going to move too much with the market, leading to a higher
beta. And this is what we find in the data. All else equal, lower-priced stocks have much higher volatility as
well as higher market beta.

The cleanest evidence of this is right after a stock split. After a stock split nothing fundamental about the
stock changes, but the share price is half of what it was before. If investors continue to react to news in dollar
units, then the return reactions are going to be too big after the split. That's what we observed. The day after
a stock split, volatility is 20% to 30% higher than it used to be, beta is also higher by about 30%, and it stays
higher for the next six months to one year after the split.
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Jonathan  That seems related, although not identical, to what we know about small-cap companies.

Kelly It is well known that small-cap stocks have higher volatility and market beta. This has led many investors to
believe that maybe size is a fundamental determinant of risk as measured by volatility or beta. We show that
size is actually not a fundamental determinant of risk; the relationship is actually all due to the correlation
between size and price.

If we hold price constant across size, we find no changes in volatility in the data. If we hold size constant and
just change share price, which is what happens after splits or reverse splits, then we see a really big change in
volatility and beta. This is suggesting that price is fundamentally determining volatility and beta in the market.

Jonathan Interesting. Are there any other empirical puzzles that can be addressed by your findings?

Kellv Recognizing that investors suffer from non-proportional thinking helps us understand a host of puzzling
features in the asset pricing data. For example, we can better explain the leverage effect puzzle. This puzzle
is about a really strong negative relation between past returns and future volatility. What happens when
past returns have been poor? It just means that the share price of a stock is lower than it used to be, and if
investors are reacting to news in the same dollar units as they did before and now the share price is lower due
to the negative return, then volatility is going to be much higher.

Another puzzle that non-proportional thinking can help us understand is the phenomenon of long-run
and short-run reversals. A reversal is when a past winner tends to underperform or a past loser tends to
outperform. Previous returns tend to revert. This could happen if, for example, investors overreact to news in
dollar units for lower-priced stocks. Eventually that mispricing should be corrected, which means the return
should move in the opposite direction after the initial reaction. That's what we find in the data: long-run
reversals as well as short-run reversals are very much driven by lower-priced stocks, holding size constant.

Jonathan  For the more practically oriented students of your work, what can they do to remedy this bias or to
take advantage of it in capital markets?

Kelly To remedy the bias, we have to be really careful to think in the right units, so even though we're constantly
: being exposed to media tickers showing dollar changes, we should always think about what the price change
means in percent. We should try to find financial statements that show information in percent.

The bias could also be remedied if media outlets and stock tracking apps showed returns rather than prices
by default. This type of reporting and the bias that results is pretty similar to the recent reporting when the
Dow had the largest point drop in history. Point drop is another meaningless unit; it was not the largest drop
in percentage units.

Some simple ways to possibly profit from this phenomenon would be for an investor, who seeks to benefit

from reversals, to tilt those investments toward lower-priced stocks, because those are the stocks that drive
reversals.
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The other way to benefit from this bias would be a pure volatility bet. An investor could buy straddles that pay
off when realized volatility is higher than what is estimated by option traders.

Jonathan  Thank you for explaining what non-proportional thinking is and how it impacts a stock'’s volatility and
beta as well as the small-cap effect and mean reversion.

Kellv Thank you very much.
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The material contained in this document
is for general information purposes only.
It is not intended as an offer or a solic-
itation for the purchase and/or sale of any security, derivative, commod-
ity, 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 histori-
cal 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 in-
vestment performance. Actual results may 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 advis-
er 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 the performance depicted is not due to successful predictive
modeling. Simulated returns cannot predict how an investment strategy will
perform in the future. Simulated returns should not be considered indica-
tive of the skill of the advisor. Investors may experience loss. 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™ 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. Re-
search 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 ad-
vice, 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 licensed professional. Research Affiliates, LLC, is an
investment adviser registered under the Investment Advisors 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.

Disclosure

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 portfo-
lios, and the construction of the spreadsheets, results or information pro-
vided. Research Affiliates takes reasonable steps to eliminate or mitigate
errors, and to identify data and process errors so as to minimize the poten-
tial 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 Research Affili-
ates, LLC and in some cases are registered trademarks in the U.S. and oth-
er 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, and patent-pending intellectual property of
Research Affiliates, LLC. (See all applicable US Patents, Patent Publications,
Patent Pending intellectual property and protected trademarks located at
http:/www.researchaffiliates.com/Pages/legal.aspx, which are fully incor-
porated herein.) Any use of these trademarks, logos, patented or patent
pending methodologies without the prior written permission of Research
Affiliates, LLC, is expressly prohibited. Research Affiliates, LLC, reserves the
right to take any and all necessary action to preserve all of its rights, title,
and interest in and to these marks, patents or pending patents.
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