
Chapter 15
Fundamental Versus Traditional Indexation
for International Mutual Funds: Evaluating
DFA, WisdomTree, and RAFI PowerShares

Heehyun Lim and Edward Tower

The fundamental index fund is a hybrid of active and passive management.
Fundamental indexation is passive in that it uses rules for portfolio selection. It
is active in the sense that its portfolio weights deviate from market cap weights,
and therefore fundamental indexation takes an active position relative to the cap-
weighted market.

Do fundamental index funds beat traditional ones? The major companies that
offer the new fundamental index international mutual funds are Dimensional
Fund Advisors (DFA), Research Affiliates, and WisdomTree. A major provider of
traditional international index funds is DFA. We compare various fundamental index
fund portfolios from these companies with individualized benchmark portfolios
composed of DFA traditional funds.

Jeremy Siegel said in an interview with the New York Times in 2006, traditional
index funds overweight overvalued stocks while they underweight undervalued
stocks, causing investors to buy fashionable assets at high prices (Anderson, 2006).
Robert Arnott, Chairman of Research Affiliates, succinctly describes fundamental
indexation (PowerShares, 2012 p. 3): “Fundamental Index strategies use Funda-
mentals, various measures of firm size, including dividends, earnings, cash flow,
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sales, book-equity values, and so on.” For more complete descriptions of active and
fundamental index strategies see Arnott and Fabozzi (1992) and Arnott et al. (2008).

The opponents of fundamental index funds, however, claim that the excess return
generated from fundamental indexation is minor and that the additional costs,
including turnover costs, and tax inefficiencies, cancel out the advantage of this
alternative index fund, if there is any.

Tower and Yang (2013) compare DFA, Research Affiliates, and WisdomTree US
fundamental index funds with portfolios constructed out of Vanguard index funds.
Here, by examining international funds we complete the inquiry that Tower & Yang
initiated.

We use a modified “style analysis” of Sharpe (1992) to compare the performance
of traditional index funds and fundamental index funds of international stocks.
Vanguard has a limited range of international index funds, so instead of using
Vanguard traditional index funds to benchmark, here we employ DFA traditional
index funds to do the job.

Tower and Yang (2013) compare Vanguard, a traditional index fund manager,
with leading fundamental index fund families, DFA-Core and Vector funds, Power
shares-Research Affiliates (RAFI for short), and WisdomTree. They use two
Fama-French models as well as Sharpe’s style analysis (Sharpe 1992). They find
that the RAFI funds and WisdomTree funds outreturned their Vanguard clones,
whereas DFA core slightly underreturned. Instead of supporting either fundamental
or traditional funds, their study produces the conflicted result: “two cheers for
enhanced [or more properly fundamental] indexation and one for traditional.” Their
results for the Fama-French models and the Sharpe style analysis models were quite
similar. So here we simplify matters by using only the Sharpe (1992) style analysis.

To clarify terminology, one set of readers (identified in the acknowledgements)
wrote, “Enhanced index funds are the standard term used in the finance industry to
denote funds which manage off a given benchmark index, usually with an implicit
or explicit tracking error constraint. RAFI and WT index funds do not fall into
this category. We would suggest using the term ‘smart beta,’ ‘alternative index’ or
‘strategic index,’ instead.” There are advocates for all three. We choose the term
“fundamental index funds.”

15.1 Style Analysis

Sharpe (1992) introduces a useful way of comparing fund performance. He con-
structs a clone portfolio of indexes that minimizes the variance of the difference
between the return on the fund and the synthetic portfolio. The clone portfolio is
a combination of indexes that reflects the manager’s asset mix. For example, if
a manager maintains a portfolio consisting of 25 % small value stocks and 75 %
large growth stocks, running a regression of the return of the mutual fund on the
returns of a set of indexes, not suppressing the constant term, and constraining the
sum of the portfolio weights, represented by the regression coefficients, to add up
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to 1, should yield a coefficient of 0.25 for the small value index and 0.75 for the
large growth index. Lucas and Riepe (1966) also provide a transparent discussion of
returns-based style analysis.

We use a modified version of style analysis as Tower (2009) more comprehen-
sively explains, replacing indices with index funds. Using 11 DFA international
traditional index funds, we create the clone portfolio as that which best mimics the
pattern of returns of each individual international fundamental fund or portfolio of
fundamental funds, henceforth, simply fundamental fund.

15.2 How Do We Create the Clone Portfolio?

We instruct Microsoft Excel Solver to find the weighted sum of each traditional
fund’s return to produce the fundamental fund’s return. By allowing the weights,
which must sum up to 1, to vary, we can find the particular set of weights that
minimizes the standard deviation of return differentials between the fund and its
clone portfolio. In short, solver finds the set of coefficients that minimizes the
variance of the return differentials between the fundamental fund and the traditional
fund portfolio. Thus we regress the return of the fundamental fund on the returns
of the traditional funds, while constraining the portfolio weights to sum to 1. We
assume that the managers of the fundamental index fund portfolio and the clone
portfolio rebalance once each month in order to maintain the portfolio weights.

15.3 Why Use a Clone Portfolio and Style Analysis?

We compare each fundamental fund portfolio with the collection of DFA traditional
funds which tracks it best. The geometric average excess return of the fundamental
fund, continuously compounded, is ’. It represents how much value has been added
by fundamental indexation.

Our readers noted “Since the clone portfolio uses traditional indexes that vary
across regions (like Asia, Europe, Japan, developed and emerging markets, etc.)
and across sizes (small cap, large cap) and styles (value and growth), measuring an
index against its clone will remove all outperformance or underperformance due to
region, size and style. The remaining alpha, therefore is the “skill” that must be due
to something other than picking the right region, size or style.”

“It is important to note that the clone portfolios are created ex post. So even if
a manager has tremendous foresight and can pick the region/size/style combination
that will perform the best over the sample period, he is evaluated relative to a clone
portfolio that has the benefit of picking that region/size/style after the fact. : : :

[Thus we] “are looking for skill that goes beyond this, such as picking stocks within
these buckets or dynamically shifting allocation among these buckets in a way that
generates alpha.”
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15.4 Why Use Continuous Compounding and Geometric
Average Return?

In order to measure the average rate of return over multiple time periods, we employ
continuously compounded geometric average return. A portfolio that returns 50 %
1 year and �50 % the next year does not have an average return of zero % per year.
But a portfolio that returns a continuously compounded 50 % in 1 year and �50 %
in the next year does have a geometric average return of 0 % over the 2 years. Thus,
the geometric average return over a span is the average of the geometric average
returns over the periods that comprise the span.

15.5 Why Use Equally Weighted Portfolios and Risk-Averse
Portfolios?

To compare the performance of traditional indexation and fundamental indexation,
we consider two types of portfolio composed of fundamental index funds from
each fund family. This approach is more relevant than looking at individual funds,
because typical investors hold a variety of funds. Thus, in addition to looking at each
fund separately, we create an equally weighted portfolio and a risk-averse portfolio
to compare the returns with a traditional clone portfolio. While the equally weighted
portfolio is not necessarily optimal, it is by far the simplest way to look at the overall
performance of the assets in a fund family.

The risk-averse portfolio, however, is perhaps more useful, especially when
we account for the investment atmosphere after the financial crisis, with the
obvious need to make safe decisions, and we recognize that some funds, such as
WisdomTree’s India Earnings Fund, are highly specialized and would constitute
a small proportion of a diversified portfolio. Therefore, in order to reflect the
preference for less risk, we create a risk-averse portfolio of each fund family. The
weights of each risk-averse fundamental index fund portfolio were determined to
minimize the standard deviation of the return of the portfolio, again using Microsoft
Excel Solver.

15.6 Why Do Some of Our Portfolios Allow Short Selling?

The Sharpe style analysis constrains the portfolio weights to be nonnegative. In
other words, it does not allow holding short positions in any fund to create a
clone portfolio. However, when an investor who initially held traditional funds
buys a fundamental fund, in some cases, he needs to increase his holdings of some
traditional funds to imitate his previous style.



15 Fundamental Versus Traditional Indexation for International Mutual. . . 335

For example, suppose the fundamental fund is more focused on growth compa-
nies than any of the DFA traditional funds. Our investor has an initial portfolio of
DFA traditional funds. She invests a dollar in the fundamental fund. She maintains
her style by selling two dollars of her DFA traditional blend fund and buying
one dollar worth of the DFA traditional value fund. Then the clone portfolio is
200 % DFA traditional blend and �100 % DFA traditional value. Regressing the
fundamental fund return on the traditional fund returns, while constraining the
coefficients to sum to one and not repressing the constant term, would yield a
coefficient of 2 for the DFA traditional blend fund and �1 for the DFA traditional
value fund.

Therefore, a negative coefficient for a particular fund in the clone portfolio
signals that the funds with positive coefficients in the clone portfolio are leveraged
in order to achieve the same style as before, and the investor buys more of the
traditional fund with the negative coefficient to maintain portfolio balance when she
buys the fundamental fund. The coefficients show the net sales of each traditional
fund necessary to maintain style when a dollar’s worth of the traditional fund is
purchased. While traditional index funds cannot be sold short, ETFs can be sold
short, and some ETFs mimic traditional index funds.

15.7 Data

The ideal pick of funds is mutually exclusive but exhaustive (Sharpe, 1992). The
data were selected to conform as much as possible to these criteria by eliminating
the funds with redundant components. For example we only use one of the DFA
International Value funds. The data on monthly returns were collected from the
Center for Research in Security Prices (CRSP), and some missing data were filled
from Yahoo Finance and Morningstar. In this study, the portfolios of fundamental
DFA funds have monthly returns spanning from between May 2005 and September
2008 to June 2014, those for RAFI span from between July 2007 and October
2007 to June 2014, and those for WisdomTree span from between July 2006 and
December 2009 to June 2014. We examined all the fundamental international stock
mutual funds from the three fund families that existed during our time frame except
for sector funds.

15.8 The Exhibits

To construct the clone portfolios, we use 11 DFA traditional index funds. They are
listed alphabetically by ticker next to the bottoms of Exhibits 15.1, 15.2, 15.3, 15.4,
15.5, and 15.6. In all the Exhibits,
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Exhibit 15.5 WISDOMTREE. Fundamental index funds. No shorts

Ticker and name
All figures in %

AUSE
Australia
Dividend

AXJL
Asia
Pacific
ex-Japan

DEM
Emg
Mkts
Equity
Income

DFE
Europe
SmallCap
Dividend

DFJ
Japan
SmallCap
Dividend

DGS
Emg
Mkts
SmallCap
Divdnd

DIM Intl
MidCap
Dividend

DLS Intl
SmallCap
Dividend

DNL
Global
ex-US
Growth

DOL Intl
LargeCap
Dividend

Inception date Jun-06 Jun-06 Jul-07 Jun-06 Jun-06 Oct-07 Jun-06 Jun-06 Jun-06 Jun-06

’. %/year 0.71 0.80 1.45 0.41 �0.74 0.19 �0.22 �0.55 �1.29 �0.20

Excess St. D of
fund %/month

0.30 �0.04 �0.36 0.27 �0.22 �0.30 �0.01 �0.02 �0.26 �0.06

St. D. of predict
error %/mo

2.56 1.67 1.79 1.49 1.12 1.68 0.90 1.06 2.87 1.07

Correlation 93.9 96.6 96.7 97.9 96.7 97.5 98.9 98.4 83.8 98.3

Significance one
tail

41 35 27 41 30 47 42 34 36 44

DEMSX Emg
Mkts Small Cap

0 0 0 0 0 60 7 6 0 0

DFALX Large
Cap Intl

17 22 0 0 0 0 35 0 73 98

DFCSX
Continental Small
Co

0 0 0 64 0 0 24 30 0 2

DFEMX
Emerging
Markets

12 56 80 0 0 25 0 0 1 0

DFEVX Emg
Mkts Value

0 0 0 0 0 0 0 0 0 0

DFISX Intl Small
Co

0 0 0 0 0 0 0 17 0 0

DFIVX
International
Value

11 0 0 0 0 0 10 0 0 0

DFJSX Japanese
Small Co

3 8 9 0 96 4 11 21 23 0

DFRSX Asia
Pacific Small Co

51 15 0 0 0 0 0 7 0 0

DFUKX U.K.
Small Co

0 0 11 36 4 12 13 18 3 1

DISVX Intl Small
Cap Value

6 0 0 0 0 0 0 0 0 0

Sum of shorts 0 0 0 0 0 0 0 0 0 0

’ 1st half. %/year 3.66 0.72 6.49 �2.64 �0.45 3.18 �1.14 �0.09 2.22 �0.48

’ 2nd half.
%/year

�0.61 0.74 �1.11 5.94 �0.62 �1.49 �0.82 0.68 �1.39 0.04

’ average.
%/year

1.53 0.73 2.69 1.65 �0.54 0.85 �0.98 0.30 0.42 �0.22
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DOO Intl
Divend
ex-Financials

DTH
DEFA
Equity
Income

DWM
DEFA

DXJ
Japan
Dividend

EPI
India
Earnings

GULF
Middle
East
Dividend

HEDJ
European
Hedged
Equity

WT
Equal
Weights

WT Risk
Averse. 75 %
DNL &
25 % DFJ

Avg for
individual
funds

Median
for
individual
funds

Jun-06 Jun-06 Jun-06 Jun-06 Feb-08 Jul-08 Nov-09 Feb-08 Jun-06 Jan-07 Jun-06

�0.27 �0.62 �0.14 �2.50 �5.13 �6.33 �0.02 �0.94 �1.08 �0.85 �0.22

0.02 0.14 1.39 0.32 1.68 0.82 �0.38 �0.16 �0.44 0.22 0.01

1.32 1.43 3.46 2.53 4.91 6.33 5.01 0.91 2.18 2.51 1.74

97.7 97.7 80.2 84.9 87.8 31.7 6.4 98.9 88.9 81.9 96.7

43 35 49 22 23 24 50 23 34 35 35

1 0 0 0 48 0 0 10 0 7 0

55 69 0 32 0 0 6 28 54 22 3

8 9 0 0 0 0 0 11 0 8 0

2 0 6 0 0 0 15 23 1 13 1

0 0 0 0 52 0 0 0 0 3 0

0 0 0 0 0 0 0 0 0 2 0

30 19 0 0 0 0 0 0 0 4 0

0 0 72 67 0 60 79 18 41 27 10

0 0 0 0 0 0 0 0 0 5 0

5 4 21 1 0 40 0 10 4 9 4

0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0

�0.84 �1.89 �0.19 �3.60 �9.47 �18.41 �10.67 �1.74 1.63 �1.98 �0.48

�0.33 1.06 0.25 �1.40 �3.65 6.16 11.02 0.66 �1.09 0.85 �0.33

�0.59 �0.42 0.03 �2.50 �6.56 �6.13 0.18 �0.54 0.27 �0.56 �0.41
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Exhibit 15.6 WISDOMTREE. Fundamental index funds. Shorts permitted

Ticker and name
All figures in %

AUSE
Australia
Dividend

AXJL
Asia
Pacific
ex-Japan

DEM
Emg
Mkts
Equity
Income

DFE
Europe
SmallCap
Dividend

DFJ
Japan
SmallCap
Dividend

DGS
Emg
Mkts
SmallCap

DIM Intl
MidCap
Dividend

DLS Intl
SmallCap
Dividend

DNL
Global
ex-US
Growth

DOL Intl
LargeCap
Dividend

Inception date Jun-06 Jun-06 Jul-07 Jun-06 Jun-06 Oct-07 Jun-06 Jun-06 Jun-06 Jun-06

’. %/year �0.66 0.71 0.59 �0.87 �0.88 �1.75 �0.51 �1.04 �3.26 �0.60

Excess St. D of
fund %/month

0.33 0.17 �0.08 0.03 �0.01 �0.04 0.07 0.04 0.25 0.04

St. D. of predict
error %/mo

0.02 0.02 0.02 0.01 0.01 0.01 0.86 1.04 2.06 0.92

Correlation 95.6 97.1 96.7 98.2 96.9 98.2 99.0 98.4 90.8 98.7

Significance one
tail

40 35 39 30 25 17 32 21 10 30

DEMSX Emg
Mkts Small Cap

�27 2 11 16 17 91 25 18 47 15

DFALX Large
Cap Intl

�6 22 19 4 9 6 38 �4 231 124

DFCSX
Continental Small
Co

75 �5 10 83 �16 12 25 32 �18 41

DFEMX
Emerging
Markets

123 100 117 1 7 75 10 19 38 13

DFEVX Emg
Mkts Value

�84 �48 �29 �9 �17 �49 �21 �28 �54 �20

DFISX Intl Small
Co

�228 32 �18 �66 52 �46 �10 7 �79 �75

DFIVX
International
Value

5 0 �34 �25 �7 �39 11 �1 �161 �12

DFJSX Japanese
Small Co

43 3 6 3 84 4 9 20 �12 13

DFRSX Asia
Pacific Small Co

111 26 �11 �2 �14 �13 �8 11 �30 2

DFUKX U.K.
Small Co

26 �5 11 47 �4 15 9 15 �8 14

DISVX Intl Small
Cap Value

63 �28 18 48 �10 46 11 11 146 �14

Sum of shorts �346 �86 �91 �102 �69 �147 �38 �33 �363 �121

’ 1st half. %/year 0.69 0.93 5.87 �3.82 1.76 2.04 �1.22 �1.02 5.20 �1.33

’ 2nd half.
%/year

0.69 1.00 0.29 5.73 �0.85 �4.07 �1.45 0.46 �2.02 0.90

’ average.
%/year

0.69 0.97 3.08 0.96 0.46 �1.02 �1.34 �0.28 1.59 �0.22
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DOO Intl
Divend
ex-Financials

DTH
DEFA
Equity
Income

DWM
DEFA

DXJ
Japan
Dividend

EPI
India
Earnings

GULF
Middle
East
Dividend

HEDJ
European
Hedged
Equity

WT
Equal
Weights

WT Risk
Averse. 75 %
DNL &
25 % DFJ

Avg for
individual
funds

Median
for
individual
funds

Jun-06 Jun-06 Jun-06 Jun-06 Feb-08 Jul-08 Nov-09 Feb-08 Jun-06 Jan-07 Jun-06

�0.81 �1.01 �0.68 �3.06 �3.06 �6.05 1.90 �1.71 �2.60 �1.24 �0.87

0.09 0.04 0.04 0.53 1.14 2.24 0.55 0.01 0.08 0.35 0.08

1.15 1.23 0.85 2.29 4.43 5.57 4.26 0.81 1.53 1.38 0.89

98.3 98.2 98.9 87.5 90.1 36.9 11.7 99.1 93.6 85.9 97.0

29 24 26 14 22 23 40 6 9 28 29

23 14 16 54 66 11 46 29 40 19 17

49 89 105 122 29 9 18 50 176 48 21

47 58 36 �11 72 �43 �32 26 �17 27 7

30 16 11 �28 �13 146 182 39 30 57 25

�40 �27 �20 �13 141 �97 �167 �26 �45 �34 �27

�47 �97 �56 �78 �171 234 417 �56 �46 5 �46

45 17 �11 �49 �78 �30 0 �21 �123 �26 �14

14 18 11 55 42 22 7 21 12 22 13

4 9 0 �30 �40 �57 �91 �1 �26 �6 �5

15 22 13 4 25 40 �107 13 �7 7 13

�41 �18 �5 74 28 �136 �172 26 107 �20 3

�127 �142 �92 �209 �302 �362 �569 �104 �265 �212 �134

�0.95 �2.56 �1.19 �2.76 �13.03 �19.22 �8.62 �2.45 4.37 �2.31 �1.19

0.69 1.96 0.58 �3.36 �3.03 �3.03 12.80 0.32 �1.70 0.43 0.46

�0.13 �0.30 �0.31 �3.06 �8.03 �11.13 2.09 �1.07 1.34 �0.94 �0.37
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• ’ is the annual average continuously compounded excess return of the funda-
mental portfolio over that of the traditional index clone over the entire period,
continuously compounded, and expressed in percentage points per year.

• Significance of ’. In all of our exhibits “significance” is the significance of ’
on a one tail test. It denotes the probability that the sign of ’ for our sample is
different from the sign of the ’ for the universe from which the sample is drawn.
For example, from the top line of Exhibit 15.1. the DFA fund with ticker DFCCX
outreturned its clone traditional portfolio with no shorts permitted by ’ equal to
0.14 % per year, continuously compounded, and the significance of 33 % tells that
the probability is 33 % that ’ for the universe is negative rather than positive.
The statistical significance test is done using the Paired 2-Sample t-Test from
the Microsoft Excel Data Analysis Package, using continuously compounded
monthly returns.

• Correlation is the correlation of the continuously compounded monthly returns
for the fundamental fund and its clone.

• Excess standard deviation of fund is the excess volatility of the fundamental
portfolio compared to that of the traditional portfolio.

• Standard deviation of prediction error measures the standard deviation of
the return differentials, not continuously compounded. During modeling, we
constrained this value to be minimized through Solver.

• The numbers near the bottom boxes are the weights in percent given to each
DFA traditional index fund to make the portfolio that mimics the compared
fundamental portfolio. In every column, they add up to 100.

• Sum of shorts is the share of the mimic portfolio that is held short, expressed as
a percent. It is zero when shorts are prohibited.

• ’ 1st half and ’ 2nd half are the ’s for the two half periods, and ’ average
is the average of these two ’s. Dividing the period allows closer tracking of the
style changes.

15.9 DFA Individual Funds

We use both traditional index funds and fundamental index funds from Dimensional
Fund Advisors (DFA). The DFA traditional index funds constitute the clone
portfolio to compare with fundamental funds. The overall investment strategy of
DFA on international investment can be found at the DFA homepage (2014). More
details of each fund are described in DFA’s most recent prospectus (2014).

DFA’s fundamental index funds are called DFA core and DFA vector funds. The
weights of stocks in their portfolios are determined by fundamentals and market
capitalization. Among fundamentals, growth and value are assessed by factors, such
as price-to-cash flow or price-to-earnings ratios (DFA Prospectus (2014)). Six DFA
fundamental index funds were selected. They are listed, proceeded by their tickers,
in Exhibit 15.1. for long positions only in the clone portfolios and Exhibit 15.2. for
shorts permitted.
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DFA funds can only be purchased through an adviser, who charges a fee. For a
list of advisors see the Retire Early Home Page (2007). Drawing from that page,
for example, Asset Builder (2013) charges 0.45 % of assets annually for portfolios
between $50 thousand and $250 thousand dollars and 0.30 % of assets for portfolios
between $1 million and $4 million. In addition there are custodial and transactions
fees. Thus, since we are using DFA traditional funds as benchmarks, these fees
increase the attractiveness of RAFI and WisdomTree, beyond those presented here.

15.10 RAFI Individual Funds

RAFI funds are the PowerShares FTSE RAFI portfolios. These portfolios incor-
porate four fundamental factors—dividends, cash flow, sales, and book equity
value—to determine each fund’s weights. We examine four RAFI fundamental
index funds. They are presented in Exhibits 15.3 and 15.4.

The major outlier with a low correlation and a no-shorts ’ of 2.87 %/year is
PAF (FTSE RAFI Asia Pacific ex-Japan. In November 2011 it invested 42.1 % of
its assets in Australia and 36.2 % in the Republic of Korea. In April 2014 its top
ten holdings were also from those two countries. There were no comparable DFA
traditional index funds, so the huge ’ averages of close to 4 %/year may reflect
the outperformance of the average stocks in those countries rather than better than
average stock selection from those two countries. The RAFI funds are described in
Powershares (2014) and ResearchAffiliates (2014).

15.11 WisdomTree Individual Funds

As described on its website, WisdomTree considers fundamentals such as dividends
and earnings to reflect a company’s appeal (WisdomTree (2014)). So the funds focus
either on dividends or earnings. Seventeen fundamental index funds were selected
from WisdomTree. They are presented in Exhibits 15.5 and 15.6.

15.12 The Individual Fundamental Index Funds

For the individual funds 17/24ths (71 %) of the DFA ’s are negative, 12/16ths (75 %)
of the RAFI ’s are positive and 44/68ths (65 %) of the WT ’s are negative. The
average individual-fund ’s have the same sign pattern.

Thus, focusing on average and median ’s, DFA and WisdomTree fundamental
index funds had lower returns and RAFI fundamental funds had higher returns than
DFA’s corresponding traditional index fund portfolios. The weak significance levels
mean that these calculations provide some but not a lot of guidance for what to
expect from these families in the future.
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15.13 Fundamental Index Portfolios

Exhibits 15.1, 15.2, 15.3, 15.4, 15.5, and 15.6 also describe the simulations for
equally weighted portfolios, and for the portfolios with minimum risk. Minimum
risk is minimum standard deviation of return over the sample period. Portfolio
weights are constant. Both the fundamental and the clone portfolios are rebalanced
monthly. The minimum risk portfolios are

• For DFA 100 % in the International Sustainability Core I fund.
• For RAFI 94.3 % in the FTSE RAFI Developed Market ex-US Small-Mid fund

and 5.7 % in the FTSE RAFI Developed Markets ex-US fund.
• For WisdomTree we constrained the maximum value of the portfolio in Japanese

equities to be 25 %. The constrained risk-averse portfolio is 75 % in the Global
ex-US Growth fund and 25 % in the Japan SmallCap Dividend fund.

15.14 DFA Aggregates

Calculations for the aggregates are in the right four columns in Exhibits 15.1, 15.2,
15.3, 15.4, 15.5, and 15.6. For each fund family, they consist of the calculations for
the two portfolios and the average and median values for individual funds.

Although August 2008 marks the latest inception of a DFA fundamental index
fund, the data was obtainable only from September 2008. We use monthly returns
data, which are calculated at the end of each month. For the DFA equally weighted
fundamental index portfolio we have observations: from September 2008 to June
2014, and for the risk-averse portfolio we have observations from April 2008 to
June 2014.

From Exhibits 15.1 and 15.2, 14 of the 16 aggregate DFA ’s are negative. Our
benchmark is traditional funds issued by the same company, so the smallness of
these numbers for the equally weighted portfolio is not surprising, nor is the weak
significance. The large negative ’s for the risk adverse portfolio are a surprise.

Minimum, median, average and maximum values for the 16 portfolio alphas are
reported in Exhibit 15.7. For DFA the average of the aggregate ’s is �0.33 %/year.
Our take-away is that the DFA fundamental funds offer similar returns to the
traditional DFA funds. This is also reflected in the very high correlations of returns:
all over 99.9 %. The poor level of significance means that we cannot say with any
confidence that the fundamental funds are inferior to traditional funds, but we can
say that no evidence is offered for the superiority of DFA’s fundamental funds
over DFA’s traditional index funds. The DFA simulations show that an investor
who is meticulous about rebalancing would have done slightly better (aside from
rebalancing costs) by holding traditional funds.

For the equal weight no-short fundamental portfolio, the expense ratio in 2010 is
0.04 % higher than for its clone portfolio, and the ’ is a comparable �0.06 %.
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15.15 RAFI Aggregates

The evaluation of RAFI portfolios starts from October 2007, when all the RAFI
fundamental funds were active and like the others carries through June 2014.

From Exhibits 15.3, 15.4, and 15.7 all of the aggregate RAFI ’s are positive,
ranging from 0.04 %/year to C2.65 % per year with median and average values of
0.92 %/year and 1.08 % per year respectively. The correlations for all the aggregates
are all at least 96.8 %. The average excess standard deviation of return is slightly
negative. Thus, the RAFI funds provided excess returns with slightly lower risk
than their traditional DFA clones.

15.16 WisdomTree Aggregates

The evaluation of WisdomTree equal-weight portfolio starts from March 2008,
when all the WisdomTree fundamental funds were active, except HEDJ and GULF
which we excluded from the equal-weight portfolios and possible risk-averse
portfolios.

From Exhibits 15.5, 15.6 and 15.7, 14/16ths of the WisdomTree aggregate ’s
are negative, ranging from �2.60 %/year to 1.34 %/year with median and average
values of �0.86 %/year and �0.74 %/year respectively. All of the correlations for
the aggregates are at least 81.9 %. Six out of eight of the excess standard deviations
of the aggregates are positive, with an average value of 0.019 %/month.

15.17 Does the First Half Period ’ Predict the Second Half
Period ’?

Does the ’ for a fundamental mutual fund in the first half of the period predict the
’ for the second period? Each fund family has four aggregates. This gives us eight
first half ’s and eight second half ’s per family. We take averages for the first and
second halves of the period: ’1 and ’2. These are graphed in Exhibit 15.8. The
graph shows that the regression indicates a one percentage point increase in the first
period ’ predicts a 0.57 percentage point increase in the second period ’. The R2

for the relationship is 0.93. Thus for this particular data set the relationship between
the ’s is positive, but the variance in the second period is smaller than that in the
first period.

Our readers note the much smaller range for alphas in the second period than in
the first. They write “Our guess would be that this is because the global financial
crisis is in the first half of the sample, and the second half is much less turbulent by
comparison. If that is the reason for the change in dispersion of alpha from the first
half of the sample to the second half, then that would explain the low slope.”
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Exhibit 15.8 ’1 predicts ’2 for average aggregates

15.18 Are the ’S Explained by Different Sector Returns?

Bill Bernstein suggested that some of our ’s might be explained by the different
sectors that different funds invest in. For example, the WT equally weighted
portfolio invested roughly 5 % more of its portfolio over the period in financial
services and roughly 5 % less in technology than did its DFA clone (shorts
permitted).

From the January 2012 Morningstar Principia disk, we drew data on the average
share of investment in 11 sectors for the RAFI and WT equally weighted portfolios
and their DFA clones. For convenience, we used the 3-year average ending in
September 30, 2011, rather than the precise average over the entire period. We
calculated the fundamental fund share in each sector minus that for the DFA clone:
call it the share difference. Fidelity has sector funds that correspond to each of the
11 sectors. They are labeled Fidelity Select funds. We used Yahoo finance to gather
the geometric average, continuously compounded rate of return for each Fidelity
fund over the life of the equally weighted portfolio: call it return. We assumed that
these Fidelity returns are good proxies for the returns to the corresponding sectors
worldwide. We multiplied share difference by return for each sector and summed
over the entire 11 sectors to get: the part of ’ that is explained by share difference:
call it ’Share.

The ’ for the equally weighted WT portfolio versus the short DFA clone
through December 2012 is minus 2.15 %/year. The corresponding ’Share is minus
1.22 %/year. Thus over half of the ’ is explained by sector choice.
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The ’ for the equally weighted WT portfolio versus the long DFA clone, also
ending in December 2012, is minus 1.35 %/year. The corresponding ’Share is
minus 0.40 %/year. Thus 30 % of the ’ is explained by sector choice.

For the RAFI equal-weight portfolio compared with the no-shorts clone the ’

calculated through December 2012 is C0.91 %/year. The ’Share is C0.075/year.
Thus less than 10 % of its ’ is explained by sectoral choice.

The Fidelity Select funds are primarily composed of US stocks, so they are not
a great proxy for the performance of the international sectors, so it is likely that we
have under-estimated the impacts of sectoral differences in our clone portfolios.

15.19 Conclusion

We have analyzed portfolio returns for the international fundamental index funds
from DFA, RAFI, and WisdomTree, relative to the corresponding traditional index
funds from DFA. These average ’s for the 16 calculations for the four aggregates
for each of the three fund families are �0.33, 1.08, and �0.74 % per year. The
corresponding average significance levels on a one tailed test are 20, 35, and 25 %.
Thus DFA slightly under-returned, RAFI out-returned, and WT under-returned, but
the ’s are not significant at standard levels.

The average standard deviations of the returns of each of the aggregates for the
fundamental index funds for DFA and WisdomTree were higher than the clone
portfolios (both by 0.019 %/month), but for RAFI it was lower (�0.040 %/month).
In the Tower Yang (2013) paper the corresponding averages were all higher.

The corresponding average ’s for US fundamental index fund portfolios relative
to Vanguard US index funds from Tower and Yang (2013) are �1.43, C2.57, and
2.21 %/year. Thus both domestic and international DFA under-returned, while both
domestic and international RAFI out-returned. The WisdomTree US portfolio out-
returned but the WisdomTree international aggregates under-returned. Putting the
conclusions of both studies together: three cheers for fundamental indexation and
three cheers for traditional indexation. Thus on average, based on these calculations,
we cannot rank the two methods of indexing.

These calculations are for short periods, so we hesitate to make too much of them.
Still, we do not know a better way to form priors for what future excess returns of
fundamental index funds are likely to be. We hope others using additional data and
alternative approaches will shine a brighter light on the question.

Research Affiliates is a definite winner from this study. This rash conclusion,
however, should be tested further with longer time span in the future. The study
presented in the chapter, with its mixed results, can be summarized by the same
quotation from Bernstein (2006) with which Tower and Yang concluded their study:
“The prospective shareholder needs to consider not only the selection paradigm
used, but just who is executing it.”
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