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Abstract1 

“Don’t forget that your incredible success in consistently making each move at the right time in the 
market is but my pathetic failure in making each move at the wrong time. … … I don’t know 
anyone who can do it successfully, nor anyone who has done so in the past. Heck, I don’t even 
know anyone who knows anyone who has timed the market with consistent, successful, replicable 
results.” (John Bogle, quoted in The Finance Buff, 2011). 
 

John C. Bogle, the founder of the Vanguard Group, has long insisted on the superiority of 

index funds over actively managed mutual funds and the foolishness of attempts to time the 

market. He published two articles in the Journal of Portfolio Management showing that in eight 

out of nine style categories, managed mutual funds had lower risk-adjusted returns than the 

corresponding indexes did. While this demonstrates the failure of stock picking by mutual funds to 

serve investors well, it says nothing about their ability to time the market by changing styles. 

Managers of asset allocation funds often use a flexible combination of stocks, bonds, and cash; 

some, but not all, shift assets frequently based on analysis of business-cycle trends. To test his 

view of market timing, we evaluated the returns of 82 major asset allocation funds by comparing 

them with the returns of corresponding baskets of Vanguard’s index funds over a 13-year time 

span. We find that on average the index funds have higher risk-adjusted returns. We conclude that 

“simplicity is the ultimate sophistication” applies to mutual fund investments.  

 

 

Keywords Mutual fund families, Performance, Expense ratio 

JEL Classification: G10 G11 G20 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
1 Parts of section [1, 4, 5, 7] are identical with Meng Xie’s (2012) honors thesis, because Meng and I are both advised by Prof. 
Tower, and we used exact same approaches on different topics. Thus, we used identical explanations for the methodologies used in 
both papers. Tower presented an earlier version of this study at the October 2012 Bogleheads reunion, Tower and Chen  (2011). 
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1. Introduction 

 

John C. Bogle, the founder of the Vanguard Group, has long insisted on the superiority of 

index funds over actively managed mutual funds and the foolishness of attempts to time the 

market. He published two articles in the Journal of Portfolio Management (1998 & 2002a) 

showing that in eight out of nine style categories, managed mutual funds had lower risk 

adjusted returns than the corresponding indexes did. While this demonstrates the failure of 

stock picking by mutual funds to serve investors well, it says nothing about their ability to time 

the market by changing styles. As Morningstar (2012) writes “Managers of asset allocation 

funds often use a flexible combination of stocks, bonds, and cash; some, but not all, shift assets 

frequently based on analysis of business-cycle trends.” To test Bogle’s view of market timing, 

we evaluated the returns of 82 major asset allocation funds by comparing them with the returns 

of corresponding baskets of Vanguard’s index funds over a 13-year time span. We find that on 

average the index funds have higher risk adjusted returns. We conclude that “simplicity is the 

ultimate sophistication”2 applies to mutual fund investments. 

 

An implication of Bogle’s view is that asset allocation funds could not beat well-run index 

funds such as Vanguard’s own index funds over a long time-span. In this study, we test his belief 

by figuring out whether the largest no load asset allocation funds at the beginning of 1999 made 

wise style adjustments over a 13-year time span that covers two major economic downturns (the 

2000 dot-com bubble and the 2008 financial crisis). In 1999 these funds were called either asset 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
2 “Simplicity is the ultimate sophistication” is a statement originally made by Leonardo De Vince. Steve Jobs was also highly 
driven by this phrase and truly believed that “simplicity was a virtue”, according to the author of his biography, Walter Isaacson. I 
believe that this philosophy not only created Apple Company that has changed our lives; it also applies well to mutual fund 
investments.       
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allocation funds or balanced funds. We have found no difference in behavior by the two types of 

fund. By 2011, Morningstar had dropped the terminology “balanced funds.” So we refer to all as 

asset allocation funds. 

 

We ask whether the investors of asset allocation funds have experienced higher risk-adjusted 

returns than they would otherwise have had from investing in comparable Vanguard index or near 

index funds. We picked Vanguard funds as our benchmark, because Vanguard is the largest U.S. 

mutual fund family, and it has a wide range of low cost index and near-index mutual funds. We 

compare the risk-adjusted returns of each asset allocation fund and the corresponding risk-adjusted 

return of the fund’s clone portfolio consisting of Vanguard’s index or near index funds.   

 

To make this assessment, we use a technique developed by Nobel Lauriate, William Sharpe, 

called style analysis. It infers what the style of investment of a portfolio is, based on its pattern of 

returns, but without looking at the composition of the portfolio. He uses stock and bond indexes as 

his benchmark. We use Vanguard index and near index funds as our benchmarks, for we are 

interested in the comparison between the returns of asset allocation funds and the benchmark. 

Vanguard does not cover some segments of the market with index funds, such as international 

growth and international value, so we are forced to use some non-index funds. We want to know 

whether the fund managers make wise style adjustments over time. To assess this we perform two 

comparisons.  

 

First we compare the performance of each asset allocation fund to a basket of Vanguard index 

and near index funds with constant portfolio weights, where the weights on the basket are chosen 
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so that the pattern of monthly returns of the portfolio most closely matches that of the asset 

allocation fund. In deference to Bogle’s writings we refer to this basket as the stay-the-course 

clone of the asset allocation fund. We could have named it the rebalanced or strategic asset 

allocation clone.  

 

Next we compare the performance of each mutual fund to a basket of Vanguard index and near 

index funds with variable portfolio weights, where the weights vary to reflect the changing style of 

the asset allocation fund. We call this portfolio the market-timing clone. We could have named it 

the tactical asset allocation clone. These clones do not have identical properties, just similar 

properties. They mimic the mutual fund as closely as possible, given constraints on their 

composition.  

 

Then, we ask whether each asset allocation fund makes wise style adjustments. We answer the 

question by comparing the net alpha of stay-the-course clone and the net alpha of market-timing 

clone. If the mutual fund outperforms the stay-the-course clone by more than the market-timing 

clone, then we conclude that part of the asset allocation fund outperformance is due to style 

adjustments, and vice versa.   

 

We finish by using regression to find variables that contribute to the underperformance of asset 

allocation funds.  
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2. Data Source 

 

We use the Morningstar Principia Disk (2012) as our major data source of fund information. 

We sort major asset allocation funds by total asset under management. We pick the top 100 no-

load asset allocation funds. The most recently updated Morningstar Principia disk provides us with 

a complete monthly return data of all extant funds at the end of 2011, which marks the end of the 

model’s investigation period.  

 

However, we must contend with “survivorship-bias”: mutual fund companies tend to kill 

funds with bad performance and merge them into funds with better performance. We cannot obtain 

the data from the 2012 Morningstar Principia Disk for “killed” funds. Consequently, we turn to 

The Center for Research in Security Prices (CRSP for short) as a complement to gather the 

monthly returns of “killed” funds. We will elaborate on the “survivorship-bias” issue in later 

sections.   

 

Also, we discard 18 funds at the end for the following reasons:  

1. The fund’s monthly return cannot be found in both databases.  

2. The fund’s investment strategy is different from a common mutual fund’s strategy and we 

cannot build a clone using our benchmark funds with a satisfactory correlation. Funds with 

these strategies are long-short funds and market neutral mutual funds. Therefore, we claim 

that they are “outliers” and decide not to include them in the research.  

These exclusions reduce our final sample size to 82 funds. Exhibit 2.1 is a summary of our data 

sample. Appendix 1 is a full list of the total 100 funds that we have investigated. It names mutual 
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funds, so you can assess the performance of the asset-allocation funds provided by your favorite 

mutual funds family. 

 

Exhibit 2.1. Data sample summary 

                                          

 

3. The Benchmark 

 

As mentioned in previous sections, we use Vanguard’s index and near index funds as our 

benchmarks to construct the clone portfolio for each fund. Exhibit 3.1 consists of all the funds that 

we have included in the benchmarks. A couple of other Vanguard index funds are omitted in the 

tables because they played no role in any benchmark that we calculated for any asset allocation 

fund.  

 

We believe that this is a set of funds that permit us to construct comprehensive and well-

diversified portfolios that cover major asset allocation funds on the market. The benchmark 

portfolios track the performance of both the bond and equity markets. It also covers specific 

geography and industries such as European stock index and REIT index. In fact, they do give us 

high performance correlations (>95%) between the benchmark clone’s monthly return and mutual 

fund samples’ monthly returns.  

Category Number
!"#$%#&'(%)&*+%#,-&./01&23445 62
7,--/)&'(%)8 93
!''/0#,:/&8$;<-/&8,=/ >2
.,80$?)/)&'(%)8 4>
@A#$-&8$;<-/&B,=/ 433
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Exhibit 3.1: Benchmark portfolio 

1 Vanguard 500 Index Investor 12 Vanguard Mid Capitalization Index Inv 

2 Vanguard Emerging  Mkts Stock Idx 13 Vanguard Pacific Stock Index Inv 

3 Vanguard European Stock Index Inv 14 Vanguard Prime Money Market Inv 

4 Vanguard Extended Market Idx Inv 15 Vanguard REIT Index Inv 

5 Vanguard Growth Index Inv 16 Vanguard Short-Term Bond Index Inv 

6 Vanguard High-Yield  Corporate Inv 17 Vanguard Small Cap Growth Index Inv 

7 Vanguard Interm-Term Bond Index Inv 18 Vanguard Small Cap Index Inv 

8 Vanguard International  Explorer Inv 19 Vanguard Small Cap Value Index Inv 

9 Vanguard International  Growth Inv 20 Vanguard Total Bond Market Index Inv 

10 Vanguard International  Value Inv 21 Vanguard Total Intl Stock Index Inv 

11 Vanguard Long-Term  Investment-Grade Inv 22 Vanguard Value Index Inv 

 

4. Shaping Sharpe’s Style Analysis and the M square Method of Risk Adjustment to our 

Purposes: The Stay-the-Course Clone  

 

We use a technique called “style analysis” presented in Sharpe (1992), to explore whether a 

mutual fund out-returns a basket of indexes with the same style. Using this technique, the return of 

each mutual fund is described as the return of a basket of Vanguard index funds and near index 

funds plus a constant term plus a random term with mean zero. The size and sign of the constant 

term reflects the prowess of investors in mutual funds’ relative to investing in Vanguard index and 

near index funds. The basket chosen is that which gives the lowest mean square sum of the random 

terms. Intuitively, it is the basket that tracks the return of the fund the best. Specifically, in 
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combination with the constant term that helps the fit the most, it is the basket that predicts most 

accurately.  The constant term reflects differences in expense ratios, transactions costs and other 

aspects of the prowess of mutual fund management. 

 

This basket is labeled the clone for the portfolio. If the mutual fund’s clone is largely 

composed of stocks in Vanguard’s value and small index funds, then the composition of the clone 

will be largely Vanguard’s value and small index funds, because the returns of a combination of 

these funds will best explain the returns of the mutual fund. Thus, the composition of the mutual 

fund can be inferred by examining the composition of the clone. The size of the constant term will 

depend positively on Vanguard’s expenses and turnover relative to the mutual fund. One appeal of 

Sharpe’s (1992) methodology is that if different degrees of smallness or value have different 

patterns of return, the Sharpe methodology captures those, whereas, simply characterizing the 

value or smallness dimension of a portfolio by one number, as Fama-French (1993) loads do, does 

not capture these different patterns of return. For example, return may be a nonlinear function of 

size and value, so characterizing fund performance as a function of Fama-French loads may hide 

information that emerges from a Sharpe style-analysis approach.  

 

We perform two calculations. The stay-the-course calculation is performed using Microsoft 

Excel’s solver utility. Solver is instructed to find the weighted sum of the returns of the Vanguard 

indexes and the constant term that minimizes the mean square error of prediction, subject to the 

constraints that all the coefficients are positive and add to one. Requiring all coefficients to be 

positive means conceptually that no index funds are sold short. Requiring the coefficients to add to 

one means conceptually that the portfolio shares sum to one.  
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We are interested in comparing the managed fund with the mutual fund index and near 

index portfolio of the same riskiness. Modigliani and Modigliani (1997) risk adjust by adding a 

risk free asset to the portfolio they wish to evaluate, such that the standard deviation of return of 

the risk-free-asset augmented portfolio and the index are the same. They call their method the M 

square technique of risk adjustment. We risk adjust by requiring that the standard deviation of 

return of the managed fund and that of the benchmark collection of Vanguard index and near-index 

funds be the same, by adjusting the composition of the clone. We instruct solver to include that 

restriction in minimizing prediction error.  We will explain the Market-Timing calculation below. 

 

5. Why We Like the Geometric Alpha Better than the Arithmetic Alpha 

 

The criterion we use for outperformance of the actively managed fund is the geometric 

alpha. This criterion is the continuously compounded geometric return of the managed fund minus 

that of the clone over the time span. Geometric average return measures the average return over a 

span of time. It is calculated as Ln(value at the end of the period/value at the beginning of the 

period)/ length of the period.  

 

The average arithmetic return does not tell how rapidly a portfolio has grown from start of 

the span to the end. If two funds have experienced the same cumulative return over the time span, 

the more volatile fund will have a higher average arithmetic return, but by definition the two funds 

will have the same geometric return. Also, if one believes that anomalous returns in one direction 

are likely to be followed by anomalous returns in the other direction, so average geometric returns 

are more likely to be replicated than average arithmetic returns, the geometric average return is 
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superior to the arithmetic average return for predicting multi-period returns. In other words when 

the distribution of future returns is drawn from the distribution of past returns without replacement 

the past geometric average return is a better predictor than the past average arithmetic average 

return. This argument is more fully developed with a numerical example in Tower (2009a).  

 

Continuous compounding in measuring average returns is also likely to generate a more 

stable alpha. If the only reason an alpha is negative is that the expense ratio is higher for the asset-

allocation fund than for Vanguard, then if we use differential annual rates of return to measure 

alpha, alpha will be less negative in falling markets than in rising markets, because of the 

confusion of compounding. When markets are rising, a small difference in alpha will result in a 

large difference in return over the year. But, with continuous compounding, constant expense 

ratios will lead to constant alphas. For example, suppose the fund has a 1% expense ratio and the 

benchmark has none. If over a year the value of the underlying assets fall close to zero both the 

fund and the benchmark will have close to a minus 100% rate of return with an annualized alpha of  

close to zero, whereas the geometric alpha will equal minus 1 percentage point per year: the 

difference in the expense ratios. 

 

Much of the discussion in this section draws from Tower (2009b). Some of the sentences 

are identical and we thought it would be distracting to set them off with quotation marks, so we 

have not done so. 
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6. The Stay-the-Course Clone result 

 

Appendix 2 shows the portfolio weights of every stay-the-course clone. These are 

Vanguard’s index or near index funds based on stay-the-course method. It tells how each mutual 

fund is mimicked. As we mentioned before, 22 of Vanguard’s index funds or near index funds are 

included.  

 

Exhibit 6.1 shows the basic information of our portfolios based on stay-the-course 

calculation. Please note that we weight the monthly returns of each fund by the number of their 

observations. Killed funds have fewer observations, and this procedure makes sure that extant and 

“killed” funds are treated equally. We use the weighted average throughout this paper. Our data set 

begins in June 1998 and ends in December 2011. As discussed in the next section, in calculating 

the alphas for the market-timing comparison, we start 8 months into the data series and finish 8 

months before the end. We wish to use the same time period for both the stay-the-course and the 

market-timing benchmarks. So the analysis of all funds begins in January 1999 and ends in May 

2011, except for killed funds. For killed funds the analysis ends 8 months before their demise. 

 

The gross alpha is the extent to which the fund outreturns its clone, after accounting for the 

difference in expense ratios between the fund and the clone. Thus if the returns of the assets that 

comprise the fund and the clone are identical, but the fund has an expense ratio that is one 

percentage point per year higher than its clone, the gross alpha zero percentage points per year and 

the net alpha is minus one percentage point per year. To assess the prowess of the fund at stock 

and style picking we use gross alpha, and to assess the return to the investor we use net alpha. The 
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average gross alpha is -0.238%, which indicates that on average, before expenses are subtracted 

from returns, mutual funds underperform their clones by 0.238%. The average correlation between 

the fund and clone returns (weighted) is 0.967, close to 1, indicating that the clones have tracked 

their corresponding mutual funds tightly.  

 

6.1: Stay-the-course result 1 – Average gross alpha and correlation (Weighted) 

 

 

Exhibit 6.2 shows the alpha after we take expense ratio into consideration and find that the 

excess expense ratio of mutual fund is 0.511% higher than the Vanguard clone on average. 

Consequently, it brings the net alpha down to -0.75%. This number indicates that the asset- 

allocation fund on average underperforms the Vanguard’s clone by -0.75% if we take the expense 

into consideration.  

 

Exhibit 6.2: Stay-the-course result 2 – Excess expense ratio results in lower net alpha on average 

(Weighted) 

 

 

 

Exhibit 6.3 shows the (weighted) average result for all of the extant funds. As we 

mentioned before, “the survivorship bias” leads bad performing funds to death. Therefore, it is fair 

to argue that the killed ones are the evils that bring the average performance down. The average 

!"#$%"&'%()*+,' Gross alpha % Correlation  
-.'+#/'012)"#304'5/&"'67 !"#$%& "#'()

!"#$%"&'%()*+,' Net alpha % -./'0,'1+#"2)13 Clone expense ratio % Excess Expense ratio %
45'+#6'178)"#91:'26&"';< !"#$%" "#$&' "#&(% "#%((
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alpha of the extant funds is higher than the overall as expected. The average gross alpha is 0.080%, 

which means that they actually outperform Vanguard’s index funds. However, when we take the 

expense ratio into consideration, this surplus disappears and gives us a net alpha of -0.387%, still 

underperforming the benchmark. The improvement of extant funds over the average is 0.363%. 

Those who ignore survivorship bias mislead themselves. 

 

Exhibit 6.3: Stay-the-course result 3 – Extant funds’ average alphas, correlation, ignoring 

“Survivorship bias” (Weighted) 

 

 

7. The Market-Timing Clone 

 

Rodriguez and Tower (2008) used benchmarks over varying spans to ask whether style 

adjustments facilitated performance by Vanguard’s actively managed funds. David Blanchett 

(2010) used Visual Basic to explore the same question, determining the benchmark composition in 

each month by requiring similar performance of the fund and the benchmark over a window of 

months before and after the month in question. Blanchett refers to this as a rolling regression. We 

adopt the same approach here. We use a fifteen-month window to determine the portfolio, 7 

months on either side of the month in question. Since our data begins in June of 1998 and ends in 

December of 2011, we compare returns beginning in Jan of 1999 and ending in May 2011. We 

want comparable coverage by our stay-the-course simulation and by our market-timing simulation. 

Consequently, we adopt the same starting and ending dates. 

 

!"#$%"&'%()*+,' Net alpha % Gross alpha % Correlation 
-.'+#/'0123"#4"05'6/&"'78 !"#$%& "#"%" "#'(%
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8. The Market-Timing Clone Result 

 

Now we turn to the result of the Market-timing clone. Exhibit 8.1 shows the Net alpha, 

Gross alpha and correlation based on the calculation. Again, the gross alpha is negative, -0.572% 

which means the asset allocation funds underperform the corresponding Vanguard clone by 0.6 

percentage points per year.  

 

Exhibit 8.1: Market-timing clone result 1 – Average gross alpha and correlation (Weighted) 

 

 

Exhibit 8.2 shows the result with the expense ratio information. The average excess 

expense ratio of the asset allocation fund over the Vanguard clone is 0.511%. This brings the net 

alpha down to lower than -1% per year, which is a fairly significant underperformance in the 

mutual fund industry.  

 

Exhibit 8.2: Market-timing clone result 2 – Excess expense ratio results in lower net alpha on 

average (Weighted) 

 

 

In Exhibit 8.3, we pick only extant funds at the end of 2011. There is a decent improvement 

similar to the stay-the-course case, the gross alpha is -0.318% and the net alpha is -0.786%.  

 

Market-timing Gross Alpha% Correlation 
!"#$%&#'()*+%,'-#.&/+#01 !"#$%& "#'()

Market-timing Net alpha % Expense ratio% Clone expense ratio% Excess Expense Ratio %
!"#$%&#'()*+%,'-#.&/+#01 !"#$%& $#'() $#("* $#*""
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Exhibit 8.3: Market-timing clone result 3 – Extant funds’ average alphas, correlation, ignoring 

“Survivorship bias” (Weighted) 

 

 

 Section 9 contains further discussion of the stay-the-course results versus the market-timing 

results. 

 

9. Survivorship Bias 

 

Survivorship bias denotes the fact that mutual fund companies tend to kill their badly 

performing funds. Because we cover a relatively long time period (from 1998-2011) and two major 

economic downturns (dot-com bubble and financial crisis) happened in this period, we expect 

survivorship bias plays in big role in our study.  

 

To make sure that we are calculating every fund’s performance fairly, we assign less 

weight to killed funds when calculating all our averages. For example, if we examine a fund’s 

return starting in January 1999, and the fund is killed in August 2005, then we explore 

performance from January 1999 through December 2004. The total observations that we have is 

6×12 = 72. Extant funds will have all observations through eight months prior to December 2011. 

Killed funds tend to underperform over their short lives. This weighting system avoids putting too 

much weight on the killed funds. 

 

Market-timing Net alpha % Gross Alpha% Correlation 
!"#$%&#'()*+%,+'-#.&/+#01 !"#$%& !"#'(% "#)&*
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Over the period of our study which is from June 1998 till May 2011, 30 out of 82 of our 

targets were killed which counts for 36.5% of our whole effective data set. The death date also 

proves our expectation that two major economic downturns have played a big role in “killing” bad 

performers: 13 of them were killed during 2000 and 2008-09. We believe that experiencing two 

major economic downturns offers a comprehensive study. 

 

Exhibit 9.1 shows the average net alpha of killed funds in both Stay-the-course and Market-

timing models. The results prove our expectation: the average underperformance of killed funds is 

significantly larger than the total weighted average as well as the extant weighted average. Both of 

net alphas are less than -2 percentage points per year.  

 

Exhibit 9.1: Average Net Alpha of Killed funds in Stay-the-course and Market-timing models 

 

 

Exhibit 9.2 and 9.3 show the difference between extant and killed funds’ performance and 

the difference between total weighted and killed funds’ performance in both methods. For Stay-

the-course, the underperformance of killed funds is 1.8% with regard to extant funds is and 1.5% 

compared with the all funds. In Market-timing, the underperformance is a bit improved: 1.5% with 

respect to the extant-weighted and 1.2% with regard to the total weighted.   

 

 

 

Stay-the-course  % Market-timing  %
!"#$%&#'(#)'!*+,%'-./**#0'1#/&,)#02 !"#"$% !"#$%&#'(#)'!*+,%'-./**#0'1#/&,)#02 !"#"&'
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Exhibit 9.2: Comparison of Extant weighted / weighted and Killed fund’s performance – Stay-the-

course 

 

 

Exhibit 9.3: Comparison of Extant weighted / weighted and Killed fund’s performance – Market-

timing 

 

 

10. Stay-the-Course and Market-Timing differential – Style Adjustment 

 

The difference between net alpha of Stay-the-course and Market-timing indicates whether 

fund managers are making wise style adjustments to their portfolios. Because net alphas are all 

negatives with regard to the Vanguard’s index fund benchmark, we claim that smart decisions are 

made if net alpha of Market-timing is more negative then the stay-the-course one. In words, this 

means that the market-timing portfolio returned better than the stay-the-course portfolio.  

 

Exhibit 10.1 shows the comparison for all three weighted averages based on the two 

calculations. The benefit section shows the magnitude of fund managers’ “intelligence” in different 

scenarios. On average, fund managers save 0.33% net alpha by style adjustments. For, the extant 

funds, the benefit increases a little bit to 0.40%. Killed funds only gain 7 basis points via style 

adjustments. Perhaps funds are killed as punishment for making bad style adjustments.  

Stay-the-course  % Stay-the-course  %
!"#$%&#'(#)'!*+,%'-./)%0)'1#2&,)#34 !"#$%& !"#$%&#'(#)'!*+,%'-56)%*'1#2&,)#34 !"#&'"
!"#$%&#'(#)'!*+,%'-72**#3'1#2&,)#34 !(#()* !"#$%&#'(#)'!*+,%'-72**#3'1#2&,)#34 !(#()*
803#$+#$96$:%0;#'69'<2**#3'9=03> )#%(+ 803#$+#$96$:%0;#'69'<2**#3'9=03> )#,**

Market-timing  % Market-timing %
!"#$%&#'(#)'!*+,%'-./)%0)'1#2&,)#34 !"#$%& !"#$%&#'(#)'!*+,%'-56)%*'1#2&,)#34 !'#"%(
!"#$%&#'(#)'!*+,%'-72**#3'1#2&,)#34 !)#)%* !"#$%&#'(#)'!*+,%'-72**#3'1#2&,)#34 !)#)%*
803#$+#$96$:%0;#'69'<2**#3'9=03> '#+", 803#$+#$96$:%0;#'69'<2**#3'9=03> '#)"+
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Exhibit 10.1: Benefit of style adjustment – asset allocation funds’ wise decisions 

 

 

11. Determinants of Fund Performance: Some Regressions 

 

We regress net alpha against the following variables based on Stay-the-course result to 

figure out the impact and importance of each variable. The concept of “importance” is used by 

Tower (2012). We define importance as the product of the variable’s standard deviation and its 

regression coefficient. So it shows the impact of a one standard deviation change in the X variable 

on the Y variable. The reason we don’t use the traditional metric, significance, is we don’t know 

how to calculate significance as the number of observations for the killed funds vary and are 

different from that of the extant funds. The sign of importance is the same as the regression 

coefficient. Positive means the bigger the variable, the bigger the net alpha, vice versa. The 

magnitude of “Importance” of one variable is measured by the absolute value of its importance 

term. In the exhibit, we do not report the constant term.  

 

Exhibit 11.1 shows the multiple regression, where we allow every variable to be involved 

simultaneously. We recognize MSE (-) (the mean standard error of prediction), Correlation (-) and 

Ln of net assets (+) as top three important terms. The negative sign of MSE indicates that the more 

style adjustments of the asset-allocation funds, the lower the net alpha is. The negative sign of 

correlation indicates that funds that are tracked loosely by the clone portfolio have higher net alpha. 

Style adjustment
Net alpha % 

(Stay-the-course)
Net alpha % 

(Market-timing)
Net alpha % 

(Benefit)
!"#$%&#'()*+%,'-#.&/+#01 !"#$%" !&#"'( "#))
!"#$%&#'(23+%4+'-#.&/+#01 !"#)'$ !"#$'* "#("
!"#$%&#'(5.,,#0'-#.&/+#01 !+#+&* !+#+', "#"$
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The positive sign of net assets indicates that bigger funds tend to do better than smaller ones. A 

one percentage point in the expense ratio differential cuts the alpha by 0.236 percentage points per 

year. We have omitted the constant term from the exhibit, but not from the regression. 

  

Exhibit 11.1: Multiple Regression of net alpha on all possible variables   

 

 

Exhibit 11.2 shows individual regression results: for each variable, we ignore all other 

variables and regress net alpha solely on that variable.  

 

We recognize Stock share (-), excess expense ratio (-), MSE (-) and Log of net assets (+) as 

important variables. MSE (-) and Log of net assets (+) reaffirm our observation in the multiple 

regressions. The negative sign of stock share means that the higher the stock shares of an asset 

allocation fund, the lower the net alpha is.  

 

The negative sign of excess expense ratio means that higher expense ratio brings down the 

net alpha. We emphasize the coefficient of the excess expense ratio since it is greater than minus 

one. Jack Bogle has remarked, “In mutual fund investing you get what you don’t pay for.” The fact 

that the coefficient is more negative than minus one implies that you get a multiple of what you 

don’t pay for. Tower and Zheng (2008) found similar results, and echoing Bernstein (1999 & 
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2000), they argue that fund families that rip you off through high explicit expense ratios, are likely 

to rip you off in nontransparent ways as well. Score another victory for low cost mutual funds.  

 

All the variables that represent market timing show a negative impact on alpha. Alpha is 

reduced by a high MSE, a low correlation, a high standard deviation of the international stock 

share and a high standard deviation of the stock share. This is a remarkable indictment of market 

timing.  

 

Exhibit 11.2: Regression of net alpha of individual possible variable (residual term omitted)  

 

 

12. Conclusion 

 

Based on our calculations, passively managed Vanguard’s index / near index funds do 

deliver better returns (net alphas) compared with major asset allocation funds on average in all 

scenarios that we have considered here. Underperformance of asset allocation funds is persistent 

and significant over the 13-year time span that we have covered.  
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However, regardless of the underperformance, we conclude that asset allocation funds are 

making wise style adjustments. Such wise adjustments help asset allocation funds reduce the gap 

of underperformance with regard to Vanguard’s portfolio.  

 

We echo other studies by rediscovering that higher expense ratios decrease the net alpha on 

average.  

 

Our study demonstrates once again that Bogle is right on encouraging investors to go for 

simple, stable and cheap instruments such as Vanguard’s index funds. “Simplicity is the ultimate 

sophistication” indeed holds in mutual fund investments. 
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Appendix 
 
Appendix 1: Comprehensive list of funds 
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Appendix 2.1.1: Stay-the-course clone weight (first half) 
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Vanguard Total Intl Stock Index Inv

Vanguard Value Index Inv

Sum

Vanguard Wellington 0.00 0.00 0.00 0.00 0.00 0.04 0.23 0.00 0.00 0.14 0.01 0.00 0.00 0.02 0.00 0.10 0.00 0.00 0.00 0.00 0.00 0.46 1.00
Fidelity Puritan 0.00 0.00 0.00 0.00 0.06 0.15 0.06 0.00 0.00 0.08 0.00 0.05 0.00 0.12 0.00 0.08 0.00 0.00 0.00 0.00 0.00 0.38 1.00
Vanguard Wellesley Income 0.00 0.00 0.00 0.00 0.00 0.00 0.43 0.00 0.00 0.00 0.08 0.00 0.00 0.04 0.03 0.13 0.00 0.00 0.00 0.00 0.00 0.29 1.00
Vanguard STAR 0.00 0.00 0.00 0.00 0.05 0.05 0.17 0.00 0.04 0.05 0.04 0.16 0.00 0.09 0.00 0.05 0.00 0.00 0.00 0.00 0.00 0.30 1.00
Vanguard Asset Allocation 0.39 0.00 0.06 0.00 0.12 0.00 0.12 0.01 0.01 0.00 0.02 0.00 0.00 0.00 0.03 0.00 0.02 0.00 0.00 0.04 0.00 0.19 1.00
Dodge & Cox Balanced 0.00 0.00 0.00 0.00 0.00 0.13 0.06 0.00 0.00 0.11 0.00 0.08 0.00 0.00 0.06 0.11 0.00 0.00 0.03 0.00 0.00 0.42 1.00
Fidelity Balanced 0.00 0.03 0.00 0.00 0.10 0.11 0.16 0.00 0.00 0.08 0.00 0.16 0.00 0.08 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.28 1.00
Invesco Total Return 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.42 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.58 1.00
Vanguard LifeStrat Mod Grth 0.47 0.01 0.05 0.01 0.00 0.00 0.06 0.02 0.02 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.03 0.02 0.00 0.29 0.00 0.00 1.00
Vanguard Balanced Index 0.45 0.00 0.00 0.13 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.01 0.00 0.00 0.39 0.00 0.00 1.00
Vanguard LifeStratGrowth 0.51 0.01 0.06 0.04 0.04 0.00 0.01 0.02 0.02 0.00 0.01 0.00 0.00 0.00 0.01 0.00 0.03 0.02 0.00 0.13 0.04 0.04 1.00
USAA Income 0.00 0.00 0.00 0.00 0.00 0.12 0.14 0.00 0.00 0.00 0.06 0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.00 0.66 0.00 0.00 1.00
T. Rowe Price Balanced 0.19 0.00 0.04 0.00 0.09 0.13 0.03 0.00 0.00 0.05 0.00 0.05 0.00 0.00 0.00 0.03 0.00 0.00 0.00 0.20 0.04 0.14 1.00
IDS Mutual Y 0.00 0.00 0.00 0.00 0.24 0.07 0.02 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.00 0.17 0.00 0.00 0.00 0.01 0.00 0.48 1.00
Vanguard LifeStrat Cons Grth 0.24 0.00 0.03 0.00 0.06 0.02 0.00 0.02 0.01 0.00 0.00 0.00 0.00 0.00 0.01 0.10 0.03 0.00 0.00 0.43 0.00 0.05 1.00
Evergreen Foundation 0.24 0.00 0.00 0.00 0.32 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.23 0.00 0.21 0.00 0.00 0.00 0.00 0.00 0.00 1.00
Founders Balanced* 0.00 0.00 0.00 0.19 0.43 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.38 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00
Lindner Dividend Inv 0.72 0.00 0.00 0.04 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.18 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.07 1.00
Janus Balanced 0.00 0.03 0.06 0.07 0.26 0.00 0.17 0.01 0.01 0.00 0.02 0.00 0.03 0.00 0.00 0.31 0.03 0.00 0.00 0.00 0.00 0.00 1.00
American Cent Balanced Inv 0.31 0.00 0.00 0.02 0.11 0.00 0.07 0.00 0.00 0.00 0.00 0.03 0.01 0.10 0.00 0.00 0.01 0.00 0.01 0.24 0.00 0.08 1.00
CGM Mutual 0.00 0.16 0.00 0.00 0.10 0.00 0.00 0.00 0.20 0.07 0.00 0.24 0.11 0.10 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00
Fidelity Asset Manager: Inc 0.00 0.01 0.00 0.00 0.12 0.15 0.00 0.00 0.04 0.00 0.00 0.02 0.00 0.20 0.00 0.19 0.02 0.00 0.00 0.21 0.00 0.04 1.00
State Farm Balanced 0.39 0.00 0.00 0.00 0.09 0.00 0.23 0.00 0.00 0.05 0.00 0.00 0.00 0.24 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00
Columbia Balanced 0.32 0.00 0.00 0.00 0.18 0.03 0.00 0.01 0.06 0.00 0.00 0.02 0.00 0.00 0.00 0.15 0.04 0.00 0.00 0.19 0.00 0.00 1.00
AARP Balanced Stock & Bond 0.00 0.09 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.30 0.06 0.00 0.00 0.00 0.03 0.00 0.00 0.51 1.00
Norwest Advant Growth Ball 0.00 0.00 0.00 0.00 0.24 0.01 0.00 0.00 0.14 0.00 0.00 0.01 0.00 0.22 0.02 0.00 0.03 0.00 0.07 0.00 0.00 0.26 1.00
MassMutual Instl Balanced S 0.00 0.00 0.00 0.00 0.11 0.06 0.14 0.00 0.00 0.03 0.00 0.00 0.00 0.17 0.00 0.03 0.00 0.00 0.00 0.00 0.00 0.46 1.00
Evergreen Sel Balanced Instl* 0.00 0.00 0.00 0.22 0.30 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.17 0.13 0.00 0.00 0.18 0.00 0.00 1.00
MasterWorks Asset Allocation 0.00 0.68 0.00 0.00 0.00 0.00 0.00 0.32 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00
BT Instl Asset Management 0.00 0.01 0.03 0.00 0.29 0.14 0.02 0.00 0.10 0.00 0.04 0.00 0.00 0.00 0.03 0.19 0.01 0.00 0.00 0.00 0.00 0.15 1.00
Norwest Advant Mod Bal I 0.01 0.00 0.00 0.00 0.14 0.04 0.00 0.00 0.10 0.00 0.00 0.02 0.00 0.33 0.02 0.10 0.01 0.00 0.04 0.05 0.00 0.15 1.00
Diversified Inv Balanced 0.49 0.00 0.02 0.00 0.08 0.07 0.00 0.00 0.00 0.00 0.08 0.00 0.01 0.00 0.02 0.12 0.00 0.00 0.00 0.11 0.00 0.00 1.00
George Putnam of Boston Y 0.00 0.00 0.00 0.00 0.00 0.42 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.04 0.07 0.00 0.00 0.00 0.00 0.00 0.00 0.48 1.00
MainStay Inst Multi Instl 0.25 0.01 0.03 0.04 0.10 0.04 0.00 0.01 0.00 0.00 0.04 0.00 0.01 0.18 0.03 0.00 0.02 0.00 0.00 0.16 0.00 0.09 1.00
HighMark Balanced Fid 0.00 0.01 0.00 0.00 0.27 0.07 0.00 0.00 0.00 0.02 0.00 0.01 0.00 0.04 0.00 0.27 0.00 0.00 0.00 0.00 0.00 0.30 1.00
BlackRock Balanced Instl 0.03 0.02 0.00 0.00 0.00 0.01 0.00 0.00 0.18 0.02 0.00 0.29 0.00 0.08 0.00 0.26 0.05 0.00 0.00 0.00 0.00 0.06 1.00
MAS Balanced Instl 0.00 0.04 0.00 0.00 0.29 0.00 0.00 0.00 0.06 0.00 0.00 0.00 0.00 0.00 0.00 0.14 0.00 0.00 0.00 0.22 0.00 0.24 1.00
T.Rowe Price Pers Str Bal 0.00 0.00 0.06 0.00 0.11 0.15 0.09 0.00 0.00 0.11 0.00 0.12 0.00 0.00 0.02 0.17 0.02 0.00 0.00 0.00 0.00 0.17 1.00
CitiSelect Folio 400 0.00 0.00 0.00 0.00 0.07 0.00 0.00 0.01 0.08 0.20 0.26 0.08 0.00 0.00 0.08 0.00 0.07 0.00 0.13 0.00 0.00 0.00 1.00
JP Morgan Inst Diversified 0.15 0.01 0.01 0.03 0.16 0.02 0.05 0.01 0.07 0.00 0.01 0.00 0.00 0.00 0.00 0.06 0.00 0.03 0.00 0.20 0.04 0.15 1.00
CitiSelect Folio 300 0.00 0.00 0.00 0.00 0.08 0.00 0.00 0.01 0.05 0.13 0.28 0.05 0.00 0.13 0.05 0.06 0.06 0.00 0.10 0.00 0.00 0.00 1.00
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Appendix 2.1.2: Stay-the-course clone weight (second half) 
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Vanguard 500 Index Investor

Vanguard E
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Vanguard E
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Vanguard E
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Vanguard International G
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Vanguard International Value Inv
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 Investm
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rade Inv

Vanguard M
id C

apitalization Index Inv

Vanguard Pacific Stock Index Inv

Vanguard Prim
e M
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Vanguard R
E

IT
 Index Inv
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Vanguard Sm
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Vanguard Sm
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Vanguard Sm
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Vanguard Total Intl Stock Index Inv

Vanguard Value Index Inv

Sum

+,-./012345467892:;8,<8; 0.00 0.00 0.00 0.00 0.00 0.06 0.14 0.00 0.00 0.04 0.00 0.13 0.00 0.00 0.01 0.26 0.00 0.00 0.00 0.00 0.00 0.35 1.00
=;8>?/@2345467892 0.34 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.09 0.04 0.00 0.22 0.00 0.00 0.07 0.00 0.00 0.00 0.00 0.24 1.00
-0;.6A2+@@802+55.740<.6 0.43 0.00 0.01 0.09 0.08 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.25 0.00 0.00 0.00 0.12 0.00 0.00 1.00
=854B4;82C6@052 0.37 0.00 0.00 0.07 0.00 0.00 0.00 0.00 0.00 0.04 0.21 0.00 0.00 0.00 0.00 0.02 0.00 0.00 0.15 0.00 0.00 0.14 1.00
-71B4D2E4;F80G;47F2H;.B01 0.44 0.00 0.12 0.02 0.00 0.00 0.06 0.00 0.00 0.00 0.00 0.00 0.06 0.09 0.00 0.00 0.04 0.09 0.04 0.04 0.00 0.00 1.00
I471.J<4234567892K 0.00 0.00 0.01 0.02 0.31 0.00 0.00 0.04 0.00 0.00 0.13 0.03 0.00 0.16 0.00 0.00 0.03 0.00 0.00 0.00 0.00 0.27 1.00
-71B4D2E4;F80G;47F234546789 0.33 0.00 0.09 0.01 0.00 0.00 0.06 0.00 0.00 0.00 0.00 0.00 0.05 0.09 0.00 0.00 0.04 0.05 0.03 0.24 0.00 0.00 1.00
+,8;<7462L8602-0;+57ME.92C6J 0.18 0.02 0.00 0.08 0.03 0.00 0.03 0.03 0.16 0.00 0.00 0.06 0.00 0.11 0.00 0.27 0.04 0.00 0.00 0.00 0.00 0.00 1.00
N.;B8@02+9J4602-0;402C672C 0.00 0.00 0.00 0.00 0.07 0.04 0.00 0.00 0.06 0.00 0.00 0.03 0.00 0.28 0.01 0.14 0.01 0.00 0.01 0.29 0.00 0.06 1.00
C6J8@7.234546789 0.00 0.00 0.00 0.12 0.26 0.07 0.00 0.00 0.00 0.00 0.00 0.06 0.02 0.01 0.00 0.22 0.00 0.00 0.00 0.00 0.00 0.24 1.00
=;8>?/@2:;8,<8;2345467892O 0.00 0.00 0.08 0.00 0.30 0.00 0.00 0.00 0.00 0.00 0.10 0.00 0.00 0.16 0.02 0.00 0.00 0.00 0.00 0.05 0.00 0.29 1.00
P682H;./Q2+@@802+55.72R<9 0.54 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.02 0.00 0.00 0.00 0.04 0.00 0.00 0.00 0.37 0.00 0.01 1.00
-7/998;234546789 0.42 0.00 0.00 0.00 0.19 0.00 0.22 0.00 0.00 0.00 0.00 0.00 0.00 0.18 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00
L1<74A.2G;/@02345467892 0.00 0.00 0.00 0.00 0.38 0.00 0.00 0.00 0.00 0.00 0.08 0.05 0.00 0.29 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.20 1.00
S+E2R:+2L;8@78602C6@05 0.00 0.04 0.00 0.00 0.00 0.27 0.00 0.00 0.00 0.05 0.00 0.14 0.00 0.00 0.00 0.19 0.00 0.00 0.20 0.00 0.00 0.10 1.00
S-++2H;.B012T2G4U2-0;408A> 0.06 0.00 0.00 0.00 0.32 0.08 0.00 0.00 0.00 0.00 0.00 0.03 0.00 0.06 0.00 0.00 0.00 0.00 0.00 0.35 0.00 0.09 1.00
L<0<R/69@2345467892 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.35 0.00 0.00 0.04 0.08 0.00 0.00 0.00 0.00 0.00 0.00 0.54 1.00
-7/998;2:401B4>234546789 0.00 0.00 0.05 0.01 0.25 0.10 0.03 0.04 0.05 0.00 0.00 0.00 0.01 0.07 0.00 0.03 0.05 0.00 0.00 0.16 0.00 0.15 1.00
:4;F@0.6823452+55.72C6@052 0.00 0.00 0.02 0.00 0.40 0.00 0.00 0.04 0.00 0.00 0.00 0.00 0.05 0.24 0.00 0.00 0.17 0.00 0.00 0.07 0.00 0.00 1.00
-GC2L54@@<72345467892G;2 0.25 0.00 0.00 0.00 0.10 0.00 0.42 0.00 0.00 0.00 0.00 0.05 0.00 0.09 0.00 0.00 0.00 0.00 0.03 0.00 0.00 0.07 1.00
R<;@02+,8;<7462-0;402H;TC67 0.00 0.00 0.00 0.00 0.17 0.11 0.00 0.01 0.13 0.00 0.04 0.09 0.00 0.00 0.02 0.23 0.04 0.00 0.00 0.00 0.01 0.16 1.00
:47<?<72V.;<W.62+@@802+57-OR 0.14 0.02 0.00 0.00 0.38 0.19 0.00 0.00 0.00 0.00 0.03 0.05 0.00 0.07 0.03 0.06 0.01 0.00 0.00 0.01 0.00 0.00 1.00
+.62+@@802+55.740<.6 0.33 0.00 0.00 0.00 0.00 0.00 0.34 0.00 0.08 0.00 0.00 0.00 0.09 0.00 0.00 0.00 0.05 0.00 0.01 0.00 0.00 0.11 1.00
3547FO.7F2345467892-J7 0.04 0.02 0.00 0.00 0.00 0.01 0.00 0.00 0.18 0.01 0.00 0.29 0.00 0.07 0.00 0.27 0.05 0.00 0.00 0.00 0.00 0.06 1.00
GXO.B82:;<782:8;@2-0;2C67 0.00 0.00 0.06 0.00 0.07 0.13 0.09 0.00 0.00 0.07 0.00 0.08 0.00 0.01 0.01 0.30 0.02 0.00 0.00 0.05 0.00 0.11 1.00
:;8?8;;892+@@802+55.740<.6 0.00 0.00 0.08 0.00 0.28 0.00 0.00 0.02 0.00 0.00 0.05 0.00 0.00 0.00 0.01 0.00 0.01 0.00 0.04 0.21 0.00 0.32 1.00
L<0<-858702R.5<.2(&& 0.00 0.03 0.00 0.00 0.06 0.00 0.08 0.00 0.02 0.08 0.29 0.01 0.00 0.15 0.05 0.13 0.03 0.00 0.08 0.00 0.00 0.00 1.00
+,8;<7462L8602-0;+57ML.62C6J 0.12 0.00 0.05 0.03 0.00 0.00 0.06 0.00 0.05 0.00 0.00 0.06 0.00 0.08 0.00 0.37 0.03 0.00 0.00 0.09 0.00 0.06 1.00
R<985<0>2R;889.,2C67.,8 0.03 0.00 0.00 0.00 0.09 0.07 0.00 0.01 0.02 0.00 0.03 0.02 0.00 0.28 0.02 0.30 0.03 0.00 0.00 0.10 0.00 0.00 1.00
E4@08;I.;F@2Y<?8:4012(&(& 0.00 0.00 0.04 0.01 0.26 0.03 0.00 0.00 0.07 0.00 0.05 0.00 0.03 0.04 0.01 0.07 0.00 0.00 0.00 0.14 0.02 0.23 1.00
-71B4D2E4;F80E464A8;2H;.B01 0.12 0.00 0.11 0.22 0.27 0.00 0.00 0.04 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.20 0.00 0.00 0.00 0.00 1.00
-04A87.4712Y<?8:4012(&(&+ 0.00 0.02 0.00 0.01 0.26 0.00 0.17 0.00 0.03 0.00 0.06 0.00 0.00 0.16 0.00 0.00 0.00 0.00 0.00 0.00 0.08 0.21 1.00
Z5?/62=<J8;@<?<89 0.00 0.00 0.04 0.00 0.19 0.12 0.13 0.00 0.09 0.04 0.00 0.02 0.00 0.15 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.21 1.00
L<0<-858702R.5<.2%&&[ 0.00 0.00 0.00 0.02 0.34 0.00 0.00 0.00 0.00 0.00 0.00 0.13 0.04 0.00 0.09 0.25 0.09 0.00 0.00 0.00 0.00 0.04 1.00
E4@08;I.;F@2Y<?8:4012(&!& 0.25 0.02 0.10 0.05 0.25 0.00 0.00 0.00 0.02 0.00 0.05 0.00 0.06 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.18 1.00
++O:2=<J8;@<?<892H;.B012 0.00 0.04 0.17 0.00 0.12 0.00 0.00 0.00 0.00 0.00 0.00 0.13 0.00 0.08 0.01 0.00 0.00 0.00 0.05 0.19 0.00 0.22 1.00
3.@0.6234546789 0.28 0.00 0.00 0.00 0.10 0.00 0.19 0.00 0.00 0.03 0.00 0.00 0.00 0.23 0.01 0.07 0.00 0.00 0.04 0.00 0.00 0.05 1.00
E4@08;I.;F@2Y<?8:4012(&'& 0.00 0.00 0.02 0.00 0.17 0.03 0.00 0.00 0.09 0.00 0.04 0.00 0.01 0.00 0.02 0.33 0.00 0.00 0.00 0.12 0.00 0.16 1.00
-04A87.4712Y<?8:4012(&)&+ 0.00 0.01 0.00 0.01 0.32 0.04 0.02 0.00 0.06 0.00 0.09 0.04 0.01 0.05 0.01 0.00 0.00 0.00 0.00 0.00 0.09 0.25 1.00
-71B4D2E4;F80G;47F2L.6@8;J 0.22 0.00 0.03 0.00 0.00 0.00 0.06 0.00 0.00 0.00 0.00 0.00 0.02 0.07 0.01 0.00 0.04 0.02 0.02 0.45 0.05 0.01 1.00
3G2C6J8@0,8602Y<?87>7582Y.6A 0.00 0.02 0.03 0.00 0.29 0.14 0.02 0.00 0.08 0.00 0.04 0.00 0.00 0.00 0.03 0.18 0.01 0.00 0.00 0.00 0.00 0.15 1.00
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Appendix 2.2.1: Stay-the-course calculation – Non-weighted (first half) 
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+,-./,01234556-.78- !9#% !9$* *9'$ *9)' *9#" *9"& *9*& *9&* *9!$ *9%$
:614567;2</067,- *9"& *9&" *9&) *9)' *9&# *9"& *9#' *9%( *9*( *9$"
+,-./,01234554=54;2>-?8@4 *9'$ *9(* *9&) *9)# *9"( *9"" *9*' *9#" *9** *9%#
+,-./,012ABCD *9#" *9*& *9$$ *9)) *9** *9"& E*9"& *9&* *9*( *9$)
+,-./,012C==472C558?,768- E*9($ E*9%) *9)* *9)' *9#) *9!$ *9"% *9(" *9*' *9"'
F81.42G2H8I2J,5,-?41 !9$( !9'% !9!' *9)% *9%# *9"& *9"' *9'* *9!! *9&!
:614567;2J,5,-?41 *9&* !9** *9(# *9)' *9&$ *9"% *9#) *9&$ *9!* *9%"
>-K4=?82B87,52D47/0- E$9'' E$9#* *9(( *9)% *9') *9#" *9$' *9&% *9*# E*9*# L/5E*%
+,-./,012M6N4A70,72O812P07Q E*9#* E*9$" *9"! !9** *9** *9!# E*9!# *9&% *9!! *9#(
+,-./,012J,5,-?412>-14I E*9*% *9*& *9!* !9** *9"! *9!* *9!! *9%) *9** *9#(
+,-./,012M6N4A70,7P08R7Q E*9$! E*9$! *9"" !9** *9** *9** *9** *9(% *9!& *9#$
SACC2>-?8@4 E*9"* *9!! *9%" *9)! *9%# *9"" *9#! *9*" *9** *9$'
B92D8R42<06?42J,5,-?41 *9"% *9'( *9$* *9)) *9'# *9!) *9%# *9&* *9!# *9$"
>FA2O/7/,52T E"9'* E"9"# *9(! *9)' *9'* *9"" *9$( *9'# *9** E*9*" L/5E!!
+,-./,012M6N4A70,72H8-=2P07Q2 E*9"( E*9$% *9"" *9)) *9** *9!( E*9!( *9$% *9*' *9#)
UK40.044-2:8/-1,768- E"9$' E!9&# *9&' *9)' !9*# *9!) *9($ *9&! *9** *9*# L/-E*%
:8/-140=2J,5,-?41V E%9%% E$9'( !9"( *9)# *9)) *9"" *9'' *9'% *9** *9*! O,;E*(
M6-1-402F6K614-12>-K E!9#& E*9($ !9)* *9() *9&! *9*( *9%# *9(" *9** E*9"& :4WE*$
L,-/=2J,5,-?41 *9(* !9$% *9(& *9)% *9(% *9!) *9&% *9%! *9!* *9%*
C@406?,-2H4-72J,5,-?412>-K E*9#% *9$! *9$# *9)) *9)" *9!& *9'& *9%) *9** *9#"
HPO2O/7/,52 E"9") E!9%# #9#& *9'% !9*' *9#! *9'& *9)* *9$" *9$!
:614567;2C==472O,-,.40X2>-? *9!& *9%" *9$" *9)& *9&* *9"% *9#% *9"$ *9*% *9$!
A7,742:,0@2J,5,-?41 *9$& *9$" *9&( *9)& *9!# *9!' E*9*$ *9%# *9*% *9#&
H85/@W6,2J,5,-?41 *9"" *9'' *9%) *9)( *9'# *9!( *9%% *9&# *9*& *9#(
CCD<2J,5,-?412A78?Y2G2J8-1 E)9&! E)9*! *9&# *9)' *9($ *9"# *9&! *9'* *9*) *9"$ C/.E**
Z80R4=72C1K,-72P08R7Q2J,55 E*9!$ *9%! *9&% *9)( *9)$ *9") *9&% *9'& *9!$ *9#&
O,==O/7/,52>-=752J,5,-?412A E!9$* E!9*# *9'' *9)' *9&! *9"$ *9#' *9&* *9*# *9"$
UK40.044-2A452J,5,-?412>-=75V E!9*( E!9"& !9"* *9)& *9** *9!( E*9!( *9&& *9** E*9!( L/-E*#
O,=740380Y=2C==472C558?,768- E#9&( E"9#' "9(% *9)! !9&* *9") !9#! !9** !9** *9'&
JB2>-=752C==472O,-,.4@4-7 E!9"' E*9)& *9%' *9)( *9%' *9"% *9#! *9&" *9!$ *9")
Z80R4=72C1K,-72O812J,52>2 E*9*! *9&* *9$) *9)( *9() *9"( *9&! *9$( *9!* *9#(
F6K40=6N6412>-K2J,5,-?41 E!9!$ E*9!' *9$% *9)) !9*) *9!" *9)' *9&" *9*" *9"$
P480.42</7-,@28N2J8=78-2T E"9&$ E"9*) !9#% *9)" *9(* *9"$ *9%% *9%% *9** *9""
O,6-A7,;2>-=72O/5762>-=75 E!9*! E*9"# *9$# *9)) *9)' *9!( *9') *9%( *9*$ E*9*! [?7E*)
\6.QO,0Y2J,5,-?412:61 E!9#! E*9%) *9%' *9)( *9)$ *9"# *9'" *9&! *9*# *9"#
J5,?YD8?Y2J,5,-?412>-=75 E*9!" *9%' *9(* *9)' *9)( *9") *9&) *9&% *9"" *9%#
OCA2J,5,-?412>-=75 E*9*& *9#' *9%% *9)( *9&' *9"# *9$$ *9&$ *9!! *9#(
B9D8R42<06?42<40=2A702J,5 *9"( *9)* *9$( *9)) *9(' *9"% *9&" *9&* *9!' *9$)
H676A454?72:85682$** E"9'! E!9$* *9"( *9)) !9&% *9#$ !9#! *9'$ *9#* *9$% [?7E**
L<2O80.,-2>-=72F6K40=6N6412 E*9## *9*( *9") !9** *9&" *9"! *9$! *9&& *9!$ *9#'
H676A454?72:85682#** E#9'" E"9%# *9!# !9** !9%* *9#! !9!) *9%# *9!) *9"% [?7E**
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Appendix 2.2.2: Stay-the-course calculation – Non-weighted (second half) 
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+,-./012345467892:;8,<8; =&>(' &>%$ &>$' &>$! '>&) &>() &>#& &>%! &>&! &>!%
?;8@A/B2345467892 =(>'! ='>)* &>*) &>$# &>$* &>'# &>"# &>*$ &>&& &>&* ?87=&!
-0;.6C2+BB802+55.740<.6 =(>&# ='>&# &>%" &>$" '>'& &>'' &>$$ &>*( &>&( &>(( D/5=&#
?854E4;82F6B052 =%>'( =!>%& '>'# &>$) &>"# &>'* &>*( &>"" &>&! =&>&( +G;=&$
-71E4H2I4;J80K;47J2L;.E01 =&>%! =&>'% &>(& '>&& &>%( &>'( &>!& &>#' &>'( &>)!
M471.N<4234567892O =&>'! &>)" &>"& &>$# &>"" &>(* &>%' &>"' &>&! &>&& D/6=&(
-71E4H2I4;J80K;47J234546789 =&>"% =&>)# &>'$ '>&& &>%( &>'% &>)" &>*( &>&$ &>)%
+,8;<7462P8602-0;+57QI.92F6N &>'* &>$$ &>%& &>$$ '>&# &>(% &>#) &>*& &>(& &>!#
R.;E8B02+9N4602-0;402F672F =&>() &>)% &>!& &>$% &>#) &>(* &>%" &>(% &>&* &>)#
F6N8B7.234546789 =(>'& ='>&$ &>"" &>$# '>(( &>(& '>&( &>"' &>&& =&>)* R.N=&)
?;8@A/B2:;8,<8;2345467892S =(>*$ ='>$' &>*' &>$" '>&& &>() &>"" &>*$ &>&# &>') D46=&$
T682L;./G2+BB802+55.72U<9 ='>(& =&>!* &>)$ &>$$ &>#% &>'' &>"! &>%$ &>&( &>'! U8H=&%
-7/998;234546789 =&>#$ =&>&' &>"% &>$" '>&( &>'% &>#" &>*& &>&& &>&% I4;=&%
P1<74C.2K;/B02345467892 =&>(( &>*& '>&( &>$! '>&" &>(% &>#( &>*) &>&& &>') I4;='&
V+I2U:+2P;8B78602F6B05 (>&* )>(& '>#" &>#% '>)$ &>(% '>'! &>%! &>&$ &>"%
V-++2L;.E012W2K4X2-0;408C@ ='>(* =&>*! &>#$ &>$! &>#! &>(' &>*( &>%' &>&& &>(!
P<0<U/69B2345467892 ='>"* =&>$$ &>#( &>$! '>&( &>(! &>"# &>*( &>&& =&>'$ T70=&&
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Appendix 3.1: Market-timing calculation – Non-weighted (first half) 
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Appendix 3.2: Market-timing calculation – Non-weighted (second half) 
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Appendix 4.1: Geometric average return for all funds (first half) 
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Appendix 4.2: Geometric average return for all funds (second half) 
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