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INTRODUCTION

Dimensional designs and manages broadly diversified portfolios to systematically pursue reliable
drivers of expected returns, such as company size, relative price, and profitability. Broad diversification
and continual monitoring of aggregate portfolio characteristics allow us to consider securities with
similar characteristics as close substitutes for one another. This, combined with the ability to spread
turnover over time through our daily investment process, creates flexibility in portfolio implementation,
which in turn allows us to participate in the available liquidity in the market and avoid demanding
immediacy when trading.

In this paper, we examine the trading price advantages of our flexible approach over the 2017-2020
period across almost 50 stock markets. We find Dimensional's trading prices are 10.5 basis points
(bps)! more favorable on average than those obtained by market participants that demand
immediacy. The price advantages increase as much as 100% in times of extreme return volatility,
like March 2020.

1. One basis point equals one-hundredth of a percentage point (0.01%).
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BACKGROUND

The global equity market is a vast network spanning
more than 100 countries with approximately $211 trillion
in nominal traded value in 2020.2 Nearly all trades and
quotes are recorded and distributed by exchanges globally.
Dimensional has collected this data in a proprietary
in-house tick data set since 2010. Every day we process
about 100 million trade updates and 600 million quote
updates across 20,000 distinct securities in 170 venues
from 47 countries.? This tick data set allows us to study
global market microstructure,* design and test customized
trading algorithms, and conduct comprehensive trading
cost analysis.

PRICE ADVANTAGE OF FLEXIBLE TRADING

In most equity markets, trading between buyers and sellers
is facilitated through a price-time priority queue called the
limit order book. Buy orders are ranked from highest price
to lowest price, and if two buy orders offer the same price,
the one that arrived earlier has priority. Sell orders are
ranked from lowest price to highest price, and if two sell
orders ask for the same price, the one that arrived earlier
has priority. The difference between the most competitive
(highest) bid price and the most competitive (lowest) offer
price in the limit order book is referred to as the spread.
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The price difference (spread) between the supply and demand sides of the market is the
difference between the highest bid price and the lowest ask price.

For illustrative purposes only.

the pre-existing shares at $10.02 from the limit order book.
In contrast, a flexible buyer could place a limit order at the
prevailing best bid of $10.00, waiting for a seller to execute
against the buy order. The price advantage from flexibility
is $0.02 per share, which is equal to the magnitude of the
spread ($10.02-$10.00).

To measure the price advantage of our flexible trading over
demanding immediacy, we conduct trading cost analysis

The spread can be thought of as the execution price by benchmarking our trade price to the immediately executable
price, which is the prevailing bid price for a sell and offer
price for a buy. This benchmark is called SBBO (sell at the

bid and buy at the offer).

difference between supplying and demanding immediacy.

In Exhibit 1, a buyer who demands immediacy could “cross
the spread” and place a marketable order to trade against

EXHIBIT 2: Summary Statistics of Aggregate Market and Dimensional Trades by Region and Market Capitalization, 2077-2020

Market Dimensional Trades

Market Number Nominal Traded Average Total AmountTraded  Price Advantage % of Value Bought at Bid
Region Capitalization ~ Number of Stocks of Countries Value (§ trillions)  Bid-Ask Spread (bps) ($ billions) over SBBO (bps) and Sold at Offer

Large 1,454 1 $191 47 $118 43 87%
us

Small 3,867 1 $42 19.2 $97 13.6 88%

Large 1,951 22 $138 12 $97 5.5 79%
Developed ex US

Small 7,129 23 $17 221 $54 15.6 80%

Large 1,794 24 $23 153 $63 14.8 87%
Emerging

Small 7,037 22 $13 29.8 $27 24.8 83%
Total 19,931 46 $424 133 $456 10.5 84%

Source: Dimensional Fund Advisors. Stock universe includes all cap securities in the US, developed ex US, and emerging markets. Small cap is defined as approximately the bottom 8% of market cap within the US, bottom 12.5% of market
cap within each non-US developed market country, and bottom 15% of market cap within each emerging market country. Small cap stocks with the lowest profitability and lowest book-to-market ratios are excluded.

2. Source: Refinitiv DataScope Equities.
3. As of December 2020.

4. See, for example, Marco Di Maggio, Jerry Liu, Savina Rizova, and Ryan Wiley, “Exchange Fees and Overall Trading Costs” (available at SSRN:
3625801, 2020).
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Exhibit 2 summarizes the statistics of the aggregate market
and Dimensional trades by region and market capitalization.
From January 1, 2017, to December 31, 2020, Dimensional
traded more than $450 billion of equities across nearly 50
countries, and the trade-value-weighted average price
advantage over SBBO was 10.5 bps. In the meantime, the
corresponding average market bid-ask spread (weighted by
Dimensional trade value)® was 13.3 bps, which indicates that
Dimensional’s trades captured most of the spread. In addition,
the price advantage tends to be greater in regions and
market segments with larger bid-ask spreads. For example,
Dimensional’s average price advantage for US large cap
stocks is 4.3 bps, vs. 24.8 bps for small cap stocks in emerging
countries. In fact, more than 80% of Dimensional’s trades by
value captured the full spread (buy at the bid and sell at the
offer) across all regions and market capitalizations.

PRICE ADVANTAGE DURING HIGH-VOLATILITY
PERIODS: A CASE STUDY

Spreads tend to widen in periods of higher uncertainty and
greater volatility, so demanding immediacy becomes even
more costly during such periods, and the price advantage
of flexibility becomes more significant. The first half of 2020
offers a great case study: global equity markets were highly
volatile, with the VIX index reaching an all-time high in
March 2020.¢ Exhibit 3 shows Dimensional’s price advantage
over SBBO over time, which increases by as much as 100%
during the high-volatility period across regions and market
capitalization. For example, the monthly average price
advantage for the US large cap stocks was around 5 bps
before March 2020 but increased to 10 bps in March 2020.
The same pattern was observed in most countries, as
shown in Exhibits 4 and 5. These results highlight the

EXHIBIT 3: Dimensional's Price Advantage over SBBO, 2077-2020
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Monthly average price advantages over SBBO in basis points (bps). Source: Dimensional Fund Advisors. Small cap is defined as approximately the bottom 8% of market cap within the US, bottom 12.5% of market cap within each non-US
developed market country, and bottom 15% of market cap within each emerging market country. Small cap stocks with the lowest profitability and lowest book-to-market ratios are excluded.

(in line with SBBO computation) across securities and days.
"VIX Historical Price Data,” Cboe, 2021.

For each security on each day, the bid-ask spread is computed as the time-weighted average difference between best bid and offer prices
in bps from market open to close. Those daily average spreads are then aggregated using Dimensional-trade-value-weighted average

(Offer — Bid)
(Offer + Bid)/2


https://www.cboe.com/tradable_products/vix/vix_historical_data/
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benefit of having a robust daily process to continually
monitor portfolios and take advantage of real-time flexibility.
Our trading process can react to events in the marketplace
as they unfold and opportunistically execute when it is more
efficient to do so. In contrast, for portfolios that do not
have this flexibility, demanding immediate execution may
come at an even higher price in periods of higher volatility.

PRICE ADVANTAGE MEASURED BY

ALTERNATIVE BENCHMARKS

In the previous sections, we measure the price advantage
by benchmarking to the SBBO. While SBBO serves as

a useful benchmark, it is a theoretical price based on
prevailing market quotes, not an actual trade price from
immediacy demanders. In practice, the cost of demanding
immediacy may depend on more than just the spread.
The order book is dynamic and quickly reacts to information
about expected supply and demand. Spreads, execution
prices, and depth (how many shares at each price level)
can change throughout the day in response to changes

in supply and demand. All these considerations can
impact the actual trade prices and the cost of demanding
immediacy. Therefore, as a supplementary analysis,

we compare our trade price with the prices of the actual
trades in the same stock and in the same trading direction
from liquidity demanders’ before and after our trades.

In Exhibit 6, we can see that the price advantages over
the trade before and the trade after are 9.8 bps and 2.9 bps,
respectively.? The variation in price advantage across
regions and market capitalization is similar to that based
on the SBBO benchmark. These results indicate that after
considering other possible aspects of trading costs—like
the natural market movements, the hidden liquidities,

and the potential market impacts (of both our trades and
market trades)—our flexible trading approach still buys

at lower prices and sells at higher prices than other
approaches that demand immediacy.

EXHIBIT 6: Dimensional's Trade Price Advantages over Various Benchmarks,
2017-2020

Previous Trade Next Trade
Region Size | Side SBBO (bps) (bps) (bps)
B 4.2 34 1.1

Large
S 43 3.2 0.8
us
B 13.9 9.9 2.6
Small
S 13.2 9.4 2.6
B 5.2 6.2 13
Large
Developed > > 69 16
exUs B 155 157 30
Small
S 15.8 16.5 3.1
B 14.6 154 6.6
Large
S 15.0 16.3 6.9
Emerging
B 24.8 25.1 8.2
Small
S 24.8 248 6.9
Total 10.5 9.8 2.9

Source: Dimensional Fund Advisors. Stock universe includes all cap securities in the US, developed ex US, and
emerging markets. Small cap is defined as approximately the bottom 8% of market cap within the US, bottom
12.5% of market cap within each non-US developed market country, and bottom 15% of market cap within each
emerging market country. Small cap stocks with the lowest profitability and lowest book-to-market ratios

are excluded.

CONCLUSION

Portfolio design and trading are mutually dependent.
Dimensional’s approach to portfolio design allows for
flexible trading, which our research demonstrates to have
provided significant price advantages, both cross-sectionally
and over time. The extent of this study—over a period of
four years and across almost 50 countries—shows the
consistency and robustness of this approach.

7. We use the Lee-Ready trade signing algorithm, a technique for determining whether a trade was initiated on the buy or sell side.

8. One component of the trading cost for liquidity providers is the potential market impact, which is the (temporary or permanent) change in the value
of the security following the trade and is reflected in the “next trade” benchmark. As a result, the price advantage tends to be smaller when measured

against the “next trade” benchmark.
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APPENDIX: DETAILS OF COMPUTATIONS

For each Dimensional trade for security i at time t on side s,

the price difference Cys relative to the benchmark is:

(BM[ts - Pits)
BMits

Cits = Dits

where Pj;s is Dimensional’s transaction price for security i at
time ton side s, Dji is an indicator variable that is +1 for
buys and -1 for sells, and BMj, is the corresponding
benchmark price. Those price differences are then
aggregated by security i, date d, and side s into C; 4 using
trade-value-weighted average, with total traded value V4.
Finally, we take trade-value-weighted average over Cj 4,
across a collection of combinations of security, date, and
side. In this study, we define these collections based on
the side of trade and two characteristics of the underlying
securities: country of exposure and market

capitalization (size).

We use three benchmark prices for BMjs:

SBBO: Consolidated quoted best bid price for sells

and best offer price for buys at time t. For many countries,
a stock could be traded at multiple venues, including
primary-listing exchanges, other exchanges, MTFs
(multilateral trading facilities), ECNs (electronic
communication networks), dark pools, etc. We
consolidate quote prices from all eligible venues to
generate consolidated bid and offer prices.

Previous/Next Trade: Trades from all eligible venues
are selected. Due to lack of trading direction disclosure
in market data, we use Lee-Ready algorithm and
consolidated bid and offer prices to determine side of
each trade. We then pick the last trade before t and the
first trade after t among trades in the same

trading direction.

REFERENCES

Lee, Charles M.C., and Mark J. Ready. 1991. “Inferring Trade
Direction from Intraday Data.” Journal of Finance 46, no.
2:733-746.
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FOR PROFESSIONAL USE ONLY. NOT FOR USE WITH RETAIL INVESTORS OR THE PUBLIC.

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.

UNITED STATES

This information is provided for registered investment advisors and institutional investors and is not intended for public use. Dimensional Fund Advisors LP is an investment
advisor registered with the Securities and Exchange Commission.

CANADA
This material is issued by Dimensional Fund Advisors Canada ULC for registered investment advisors, dealers, and institutional investors and is not intended for public use.
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.

AUSTRALIA

In Australia, this material is provided by DFA Australia Limited (AFSL 238093, ABN 46 065 937 671). Itis provided for financial advisors and wholesale investors for
information only and is not intended for public use. 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.

NEW ZEALAND

This material has been prepared and provided in New Zealand by DFA Australia Limited, (incorporated in Australia, AFS License No.238093, ABN 46 065 937 671).

This material is provided for financial advisers only and is not intended for public use. All material that DFA Australia Limited provides has been prepared for advisers,
institutional investors and clients who are classified as Wholesale investors under the Financial Markets Conduct Act 2013. This material does not give any recommendation
or opinion to acquire any financial advice product, and is not financial advice to you or any other person.

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).

Directed only at professional clients within the meaning of Markets in Financial Instruments Directive (MiFID) (2014/65/EU).

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.

Directed only at professional clients as defined by the rules of the FCA.

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.
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JAPAN
For Institutional Investors only.

This material is deemed to be issued by Dimensional Japan Ltd., which is regulated 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

FOR LICENSED OR EXEMPT FINANCIAL ADVISORS AND INSTITUTIONAL INVESTORS IN SINGAPORE
This material is deemed to be issued by Dimensional Fund Advisors Pte. Ltd., which is regulated by the Monetary Authority of Singapore and holds a capital markets
services license for fund management.

This material is not an advertisement, has not been reviewed by the Monetary Authority of Singapore, and should not be shown to prospective retail investors.

For use by institutional investors and licensed or exempt financial advisors only in Singapore for internal training and educational purposes and not for the purpose of
inducing, or attempting to induce, such institutional investors or financial advisors to make an investment. Not for use with the public.

FOR LICENSED FINANCIALADVISORS AND INSTITUTIONAL INVESTORS IN HONG KONG
This material is deemed to be issued by Dimensional Hong Kong Limited (CE No. BJE760), which 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.

For use by licensed financial advisors and institutional investors who are “professional investors” (as defined in the Securities and Futures Ordinance [Chapter 571 of the
Laws of Hong Kong] and its subsidiary legislation) only in Hong Kong. This material is provided solely for internal training and educational purposes and is not for the
purpose of inducing, or attempting to induce, such financial advisors and institutional investors to make an investment nor for the purpose of providing investment
advice. 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.

Financial advisors in Hong Kong shall not actively market the services of Dimensional Hong Kong Limited or its affiliates to the Hong Kong public.
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