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Mutual fund attrition can create problems for a
researcher because funds that disappear tend
to do so due to poor performance. In this arti-
cle we estimate the size of the bias by tracking
all funds that existed at the end of 1976. When a
Jund merges we calculate the return, taking into
account the merger terms. This allows a precise
estimate of survivorship bias. In addition, we
examine characteristics of both mutual funds
that merge and their partner funds. Estimates
of survivorshbip bias over different borizons and
using different models to evaluate performance
are provided.

The subject of mutual fund attrition and the effect of
survivorship bias on performance has only recently
begun to receive attention in the academic literature.
Early studies of mutual fund performance were con-
cerned with illustrating new methodologies for mea-
suring performance and were less concerned with bi-
ases in the data. Later studies tended to neglect fund
attrition: the most commonly used databases do not
allow the user to either study it or correct for it.
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Mutual fund attrition can create problems for a researcher because
the funds that disappear tend to do so either because their perfor-
mance is very poor over a period of time or because their total market
value is sufficiently small that management judges that it no longer
pays to maintain the fund. The latter reason for closing a fund is usu-
ally associated with the former reason: poor performance. Thus, to
study only funds that survive overstates the measured performance.
In the vast majority of cases, a fund that disappears is not dissolved
but is merged into another fund, often within the same family of funds
(sponsoring organization). The effect and perhaps intent of this is that
the sponsoring organization continues to earn fees on the investors’
capital while the record of the fund’s poor performance is deleted
from most hard copy and computerized sources of data. For exam-
ple, drawing a sample from any of Wiesenberger’s publications would
present a history of return for mutual funds that exist at the time the
issue was prepared but would give no details on funds that ceased
to exist during the historic time period studied. Most of the classic
studies of mutual fund performance ignore attrition and are subject to
survivorship bias.!

Correction for attrition is important for several reasons. First, sam-
ples that do not correct for attrition will overstate the return that mutual
funds earn for their investors. Second, ignoring attrition may differ-
entially impact the return reported for mutual funds with different
objectives, because funds with different objectives may have different
rates of attrition. Finally, some of the other variables studied may also
be correlated with attrition and, thus, studying a sample with survivor-
ship bias may introduce spurious correlation between these variables
and performance.

The purpose of this study is to examine the impact of survivorship
bias. We will examine both the frequency of mutual fund disappear-
ance and the impact of this on investor return. In studying perfor-
mance we examine raw returns as well as risk-adjusted returns from
both a single- and a multi-index model.

This article differs from other studies of mutual fund attrition in
that we trace the subsequent performance of all funds that existed at
a prior point in time. If a fund disappeared from standard databases,

This may have occurred for any one of several reasons: (1) The methodology of examining funds
was new and the authors of these studies were interested at least as much in illustrating the
methodology as in studying mutual funds; (2) The author desired to demonstrate new techniques
over a time span with no missing observations, therefore making the application of the techniques
straightforward; (3) Computerized databases were in their infancy and the work required to get
any data was immense. To correct the data for missing funds would have been a Herculean task;
even today it is extremely difficult. Refinement in correcting data should have proceeded step
by step with refinement in the methodology of evaluating mutual fund performance. Yet only
recently have researchers become concerned with correcting data for survivorship bias.
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we trace what happened to it by contacting the master trustee or
the management group associated with the original fund. Once we
know what happened to a fund, we track the return an investor in
that fund would earn over time. For example, if a fund merged with
a second fund with the same objective, we compute risk-adjusted
return by examining return for the original fund prior to the merger,
incorporating actual merger terms to compute return in the month of
the merger, and computing risk-adjusted return for the combined fund
after the merger.? Since we track the performance of an investment in
any fund that existed at the start of our sample period, our sample is
free of survivorship bias. We calculate performance from this sample
and from a sample with survivorship bias. We then compute the effect
of survivorship bias on performance. In addition, we compute the
amount of bias over different horizons to allow the reader to estimate
the size of the bias present in the classic studies of performance.
This article contains eight sections. In Section 1, we present a brief
review of how articles on mutual fund performance dealt with sur-
vivorship bias. In Section 2 we examine estimates of survivorship bias
from other authors. In Section 3 we discuss our sample. In Section 4
we discuss our analysis and estimates of survivorship bias. In Section 5
we discuss the characteristics of funds that disappear by merging into
other funds as well as the characteristics of the funds with which they
merge. In Section 6 we examine the magnitude of survivorship bias
over different time horizons and thus the impact of survivorship bias
on the results of previous studies. In Section 7 we examine the effect
of survivorship on estimates of the relationship between fund charac-
teristics and performance. The final section contains our conclusions.

Review of the Literature

The majority of mutual fund performance studies selected funds that
existed continuously over a period of time and had some stated invest-
ment policy or policies (for example, classification as a common stock
fund) at the beginning or end of that period. Such a sampling scheme
produces survivorship bias, since only funds that existed over the full
period are selected and those that failed are omitted. This selection
procedure was used by Connor and Korajczyk (1991), Grinblatt and
Titman (1988, 1992)3, Henriksson (1984), Jensen (1968), Lehmann and
Modest (1987), Sharpe (1966), and Treynor (1965).

2 We call this approach “follow the money.” In using it, we are careful to correct for differences in
risk that might occur before and after the merger.

3 The Lehmann and Modest (1987) sample, also used by Connor and Korajczyk (1991), requires
survival over most of, but not all of, the full period.
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Some studies of common stock mutual funds which estimate or
attempt to correct for survivorship bias are Brown and Goetzmann
(1994), Carhart (1994), Elton et al. (1993),* Grinblatt and Titman (1989),
and Malkiel (1994). Grinblatt and Titman (1989) estimate survivorship
bias via a simulation study. Brown and Goetzmann (1994) and Malkiel
(1994) track all funds and record their returns up to the year they dis-
appear. Elton et al. (1993) track the yearly returns for all funds that
existed at the beginning of a sample period, including the year of
merger, and the subsequent performance of the funds they merged
into. Four of these latter studies provide estimates of survivorship bias
for common stock funds, and they will be discussed in the next section
of this article.

Prior Estimates of Survivorship Bias

Five studies have provided some estimate of survivorship bias: Blake,
Elton, and Gruber (1993) for bond funds and Brown and Goetzmann
(1994), Carhart (1994), Grinblatt and Titman (1989), and Malkiel (1994)
for common stock funds. Blake, Elton, and Gruber (1993) estimate that
survivorship bias raises return by 27 basis points per annum for bond
funds. This estimate is obtained by taking the difference in excess risk-
adjusted return (& from a multi-index model) between those funds that
survive and those that don’t survive. We might expect this number to
be larger for stock funds, given the higher variance of the underlying
securities.

Grinblatt and Titman (1989) use quarterly equity holdings to try to
estimate the effect of survivorship bias. For each fund, they simulate
quarterly returns by calculating the return as if the fund held the eq-
uity shares shown at the beginning of each quarter to the end of that
quarter. Annual return is computed from the quarterly returns. They
calculate the return on two equally weighted portfolios of the indi-
vidual funds in their sample: one with survivorship bias and one they
state is without bias.> Their estimate is the difference in @ between
these two portfolios. They produce several estimates of bias ranging
between 10 and 30 basis points.

Ippolito (1989) selects all funds that were classified by Wiesenberger as common stock funds at
the end of his sample period. He traces these back to the beginning, including funds that merged
into each of the funds he selected. However, at the beginning of his sample period the investment
policies of many of the funds are not common stock. Thus, no investor interested only in stock
funds would have selected the sample.

Their samples were affected by an inability to track funds because of name changes. Name
changes are highly correlated with mergers and policy changes. Thus it is unclear if the sample
is free of survivorship bias.
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Brown and Goetzmann (1994) present annual returns for the years
1976 to 1988 for two samples. The first sample is all funds that exist as
of 1988 and that didn’t merge or disappear in the period 1976 to 1988.
The second is all funds that existed in Wiesenberger any year for the
period 1976 to 1988. Brown and Goetzmann do not track funds that
disappear from Wiesenberger where Wiesenberger does not record
what happened to them. Some of these disappearances are mergers
and some are name changes that Wiesenberger did not record. This
problem is recognized by the authors, and they refer to their estimates
as coming from an almost survivorship-bias-free sample. Because of
the way Brown and Goetzmann select their sample, funds that are
included in their sample could have existed for 1 year, 2 years, or up to
12 years. Thus, unlike earlier researchers, they have not used the dual
objective of survival and a minimum history. It is therefore difficult to
use their results to understand the size of the bias in other studies of
mutual fund performance. Brown and Goetzmann’s estimates of the
bias involved by not including merged funds vary between 20 and
80 basis points per year, depending on the weighting scheme used.
Brown and Goetzmann’s estimates are based on differences in annual
raw returns.

Malkiel (1994), like Brown and Goetzmann, examines the perfor-
mance of all funds that exist for any time over a period of years. He
too reports unadjusted raw returns. He finds that survivorship bias in-
creases the return on the surviving mutual funds by 150 basis points.
Finally, Carhart (1994) measures survivorship as the difference in o
using one- to four-factor models on equally weighted portfolios of
surviving and nonsurviving funds. He estimates the difference in «
between these portfolios at 3% to 5% per year. He does not provide a
direct estimate of survivorship bias. The studies by Brown and Goet-
zmann (1994), Carhart (1994), and Malkiel (1994) have gone further
to correct for survivorship bias than any previous studies.

Our study differs from those discussed above in one or more ways.
First, unlike most studies, we use risk-adjusted returns in addition to
raw returns. Risk adjustment is performed using a three-index model,
that has been successfully employed in the past, as well as the stan-
dard single-index model. Second, we explicitly track every individual
fund that existed at the beginning of our sample period to the end
of our sample period. We call this technique “follow the money.”
Most prior studies that looked at bias had funds that disappeared
from the sample, with no subsequent tracking of performance. Either
funds disappeared from a data set for unknown reasons or, if they
merged, they disappeared without accounting for performance in the
final period before the merger or accounting for performance after the
merger.
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Sample

We initially started with the 361 funds categorized as having a “com-
mon stock” investment 6policy in the 1977 edition of Wiesenberger’s
Investment Companies.® This directory lists data for the year 1976.
We divided the sample into those funds with $15 million or more in
total net assets (207) and those with under $15 million in total net
assets (154) as of year-end 1976. It is extremely difficult to track re-
turns for funds that are no longer reported in Wiesenberger. For very
small funds it is often impossible.” Thus our return calculations will
be made using returns on funds that had capital of $15 million or
more at the end of 1976. However, when calculating the effect of sur-
vivorship bias we will use data on the incidence of survival for the
full sample. Having divided our sample by size, we tracked each fund
that initially had total net assets of $15 million or more to December
1993. In this process (see Table 1) we found that 42 of the 207 funds
merged, 146 survived to the end of the sample period, and 19 were
restricted funds.®

There were two types of restricted funds. The first type, called vari-
able annuities (like CREF), were listed in earlier editions of Wiesen-
berger’s Investment Companies but were primarily available through
insurance plans. The second type were restricted as to purchaser (e.g.,
a fund that could only be held by Lutherans). We eliminated variable
annuity funds, because their sale was usually tied to an insurance
product resulting in higher fees to cover insurance, because they are
taxed differently, and because their objectives may well be different
from the objectives of other funds in the sample.® We excluded funds
that could not be bought by the general public because, once again,
they may have special objectives.

Of the remaining 188 funds that make up our sample of funds with
initial assets of $15 million or more, 13 disappeared from Wiesen-

6 In 1977, Wiesenberger was considered the standard directory for information on mutual funds.

7 Prior to 1985, funds had to have a minimum of 1,000 shareholders to be listed by the NASDAQ.
Furthermore, the SEC supplies an annual list to the NASD of mutual funds that must be recertified
(after their initial listing) as having a minimum of either 750 shareholders or $15 million in total
net assets in order to be included in the NASDAQ listing supplied to newspapers. Although the
NASDAQ now provides a supplemental listing to so-called level-one quote vendors (such as
IDC) that includes funds with under $15 million in net assets, for return data in earlier years the
NASDAQ newspaper listing is the basic source of return data for all newspapers and firms, and
hence investors, that collect data on mutual funds.

8 In the process we recorded all name changes, mergers, investment policy changes (e.g., common
stock to bond), and restrictions (including changes in variable annuity status). The source of
these data was Wiesenberger's Investment Companies, supplemented by information from the
funds themselves.

9 In 1982, the IRS issued a series of so-called wrap-around annuity rulings, designed to prevent
tax avoidance. The results is that, since 1982, a fund cannot be both an open-end mutual funds
available through direct purchase and a variable annuity fund medium.
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Table 1
Distribution (number) of firms by 1976 year-end total net assets
$15 million Under

or greater $15 million All®
Merged 42° 30 106
Survived 146¢ 67 216
Disappeared 37
Restricted 19 20 39
Total 207 154 361

“based on allocation of disappearing firms.
12 of the merged funds also changed policy.
€15 of the funds that survived to the end of the period changed policy during the period.

Surviving funds are defined as funds that existed from the end of 1976 to the end of 1993; merged
funds are those funds that existed at the end of 1976 and subsequently merged into another
fund; disappeared funds are funds that were listed in Wiesenberger at the end of 1976 but which
disappeared from subsequent wiesenberger listings with no indication of what happened to them;
restricted funds are funds that were not available to the general public for investment at the end
of 1976.

berger with no indication in Wiesenberger of what happened to them.!°
Each was traced: 12 of these merged and 1 had a name change. Ap-
plying the same ratio to the funds with net assets under $15 million to
allocate the disappearing funds as either merged or survived results
in 106 mergers and 216 survivors for the full sample.

We explored the relationship between fund investment objective
and survivorship. There was not a monotonic relationship between
fund objectives (maximum capital gain, growth, income) and survivor-
ship. Nor was there a meaningful difference in survival probabilities
among categories. Thus, within common stock funds, survivorship
does not seem to be related to investment objective.!!

Having determined our sample, we then collected returns for the
funds. We calculate return for each fund on a monthly basis. In calcu-
lating return, dividends are assumed to be used to purchase additional
shares in the fund at the reinvestment price (net asset value) that was
available to shareholders of the fund. This is the assumption made by
Morningstar and Investment Company Data, Inc. (ICDID) in construct-
ing their databases.

For funds that existed over the entire period, returns were supplied
by ICDI. For funds that ceased to exist, returns were calculated from
data supplied by Interactive Data Corporation (IDC), supplemented
by information from the fund management companies themselves.

10 A substantial number of others “disappear” in that they are not listed in the next issue of Wiesen-
berger. However, they reappear in subsequent issues of Wiesenberger or have a name change
that can be traced through other data recorded in Wiesenberger.

1 1n general, survival seems to be a function of risk. Commodity funds have much greater failure
rates than common stock funds, and bond funds have lower failure rates than either. Studies that
included balanced funds may well have survival related to objective.
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Merger terms (e.g., merge ratios) were obtained from the fund man-
agement companies themselves.

We checked our data by comparing our returns with those calcu-
lated from data reported by Wiesenberger on an annual basis and
by comparing monthly returns derived from IDC data with monthly
returns from ICDI for time periods over which these data were simul-
taneously available. Although the pattern of returns between Wiesen-
berger and ICDI was usually similar across funds, differences of sev-
eral percent in annual returns were not uncommon. The return differ-
ences come about because, in calculating returns with Wiesenberger
annual data, dividends are assumed to occur at the end of the year,
and ICDI assumes reinvestment in shares of the fund at the time the
dividends were paid. Differences between returns calculated from IDC
data and ICDI returns rarely occurred. In each case where we found
a difference, we went to original sources to resolve the differences.
This 1%rocess gave us great confidence in the accuracy of ICDI return
data.

Analysis

As explained above, to calculate return we start with all funds that
were listed in Wiesenberger as of 1977 and that had $15 million or
more in total net assets. Each fund was tracked to the end of 1993,
recording all name changes, policy changes, and mergers. We could
track every fund in our sample, and none dissolved. We measure
performance using excess return (&) as described below.

Alpha was calculated in two ways, based on a three-index model
and one-index model. Our principal results utilize a three-index model.
Alpha is defined by the following equation:

Rit = a; + BirRy: + BisRs: + BipRp: + €1 1)

where R;; is the excess return on fund i in month ¢ (the return on
the fund minus the 30-day T-bill rate); Ry, is the excess return on the
S&P 500 Index in month #; Rg; is the excess return on small stocks in
month ¢, measured by the return on an equally weighted average of
the smallest two deciles of CRSP NYSE stocks; Rp; is the excess return
on a bond index in month ¢, measured by a par-weighted combination

One must be very careful when calculating returns involving dividends and reinvestment net asset
values (NAVs) shown in IDC. While IDC is an excellent source of data, we occasionally found
discrepancies in dividend reinvestment dates, dividends, and other dividend-related data. These
tended to happen around the time of a merger or share change. We checked all data around the
time of these events with the funds and examined NAVs surrounding dividend reinvestment dates
to ensure accuracy.
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of the Lehman Brothers Aggregate Bond Index and the Blume/Keim
High-Yield Bond Index;!3 B is the sensitivity of return on fund i to
return on index k(k = L, S, B); and €, is the random error in period .

The three-index model compares the performance of the fund to
a passive portfolio of large stocks, small stocks, bonds, and T-bills
which in combination have similar risk.'4 To help in comparing our
results to other studies, and because it has been used historically to
evaluate funds, we also present o’s calculated from a single-index
model where the single index is the S&P 500 Index. Finally, because
other authors have done so, we present results using raw (unadjusted)
returns in addition to a’s.

Table 2 presents our estimates of survivorship bias. Note that in
Table 2 and all subsequent tables our monthly results have been an-
nualized. All estimates of bias are the difference in performance (« or
return) between funds that survive and the full sample that existed at
the beginning of the period (labeled all). What varies in the table is
the definition of survival and how the performance on the nonsurviv-
ing funds is calculated. Both survival and performance are calculated
in two ways, resulting in four estimates of bias for the three-index,
one-index, and raw-return models.

Panel A of Table 2 shows results when performance on funds that
do not survive is calculated up to and including the month when the
fund ceased to survive. The upper part of panel A presents the re-
sults when survival is defined as “did not merge” over the period.
The lower part of panel A defines a surviving fund as a fund that
meets the dual criteria: no merger and maintaining a common stock
investment policy throughout the sample period. The reason for this
division is that some researchers draw their sample from funds that list
common stock as an investment policy at the beginning of their sam-
ple period and survive throughout, while others insist on a common
stock policy throughout the sample period. We wanted to measure
bias for both sampling procedures.'> In calculating return for funds
that “disappear in merger” (DIM), we calculate return through the
month of the merger. If the fund merged midmonth, this includes any

See Elton, Gruber, and Blake (1994) for details on the construction of the bond index.

In Blake, Elton, and Gruber (1993) we showed that estimated B’s closely matched the weights of
the asset groups in the portfolio. This type of evaluation was first discussed in Sharpe (1988). For
most funds in our sample the bond B is close to 0. However, some funds with common stock as
an investment policy still hold some bonds and hence have a positive g with respect to the bond
index.

More funds disappear from the sample because they merge than because of policy changes. The
only other reason we found for funds disappearing is because they are variable annuities (like
CREF). Variable annuities were no longer available for direct purchase after 1982; thus they would
disappear from all data sets that encompass this period. This affects three funds in our sample.
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dividends plus capital changes where capital changes are calculated
using merger terms and end-of-month NAV for the partner fund.

Table 2 shows results for both « and raw return. We will first discuss
the results using «, then using raw return. As shown in the top half of
panel A, the average « using the three-index model for the survivors is
—0.1269%, and the average « for those that merge calculated through
the month of the merger is —2.8779% per year. Since 32.97% merge
and 67.03% survive, the « for the combined sample is —1.0338%; the
estimate of bias is equal the the « in the surviving sample minus the
 on the full sample, or 0.9069% per year.1®

The bottom part of panel A in Table 2 calculates bias when the
researchers used the dual criteria that the fund had data in each year
and was a common stock fund throughout. To determine bias, the
funds were divided into four groups. For those funds that neither
merged nor had a policy change, o was calculated over the 17-year
sample period. For those funds that merged or had a policy change,
or did both, @ was calculated up to the policy change or merger,
whichever came first. The average « for funds that survive and are
common stock throughout is —0.135%, for those that have a policy
change and do not merge it is —0.0051%, for those that merge it is
—2.9052%, and for those that both merge and have a policy change it
is —1.094%. The fractions in each category are, respectively, 0.6015,
0.0689, 0.2355, and 0.0942. Multiplying the fraction in each group
times the « for each group and summing across the four groups, we
see that the o for the combined sample is —0.869%. Our estimate of
bias is the difference between the « for the full sample and that for
the surviving sample (—0.135%), or 0.734% per year.

The disadvantage of this method of determining survivorship bias
is that disappearing funds and surviving funds exist over different
periods of time.!” An alternative procedure that does not have this

16 Measuring the statistical significance of the difference in mean o’s between the groups is a more
complex issue when the data for all funds are not over the same time period (as in panel A of
Table 2) or when a’s over the entire sample period are calculated as weighted averages of a’s
from two or more funds over different time periods (as for the nonsurviving funds in panel B). To
test for significance, for each group we calculated the variance-covariance matrix of the residuals,
utilizing only the data over the common time frame for each pairwise residual covariance for
nonsurviving funds in panel A and utilizing the complete set of “spliced” residuals for nonsurviving
funds in panel B, and assumed stationarity of the (X'X)~! matrix of the regressors to obtain an
estimate of standard error of mean «. The advantage of this technique is that it utilizes actual
correlation patterns, both cross-sectionally and over time, to adjust for both heteroskedasticity
and cross correlation. Using the results from this procedure, the difference in mean « between
surviving funds and the merged funds is statistically significant for the three-index model, where
the ¢ values are 2.69, 2.57, 2.14, and 1.90, proceeding from top to bottom in Table 2. (For the
one-index model, no difference are significant at or below the 10% level.)

17 While differences in length of life is a problem in itself, it can bias the results even more if there
is a time pattern to «. The bias occurs because funds that don't exist for the entire sample period
have more of their observations in early years. We examined the return of surviving funds over
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disadvantage is to make an explicit reinvestment assumption that in-
vestors stay invested over the entire period and follow the fund with
their money. For funds that merge into another common stock fund,
we assume the investor continues to hold the new fund. The « is com-
puted for the original and partner funds separately and then weighted
by the time the investor held each. For example, if the fund merged
in 5 years we would calculate the o for the first 5 years for the orig-
inal fund and the last 12 years for the partner fund, and then take
5/17 of the a on the original fund and 12/17 of the a on the partner
fund to get an average «. If the fund changes policy and becomes a
noncommon stock fund before a merger, after a merger, or without a
merger, and if policy change is being used to determine the sample,
we assume that at the time the policy change is recorded the investor
sells the fund and purchases a new fund with a return equal to the
average return on the remaining common stock funds. The overall
«, following parallel methodology to that described above, is again a
weighted average of the two a’s before and after the event. All of the
results under these reinvestment assumptions are shown in panel B
of Table 2. Let’s first examine the situation where the researcher ig-
nores policy changes and includes funds that changed policy in the
surviving category.

If we apply the same methodology to panel B as we applied to
panel A, we see that for the three-index model the difference in «
between the survivor sample and the full sample is 0.77% per year.
If the researcher forming the sample required that the mutual funds
both had data over the full period and were listed as common stock
in each year, the difference in a between the researcher’s sample and
the full sample is 0.71% per year.

All of the results discussed to this point measure o from the three-
index model. We believe this is appropriate.'® However, for compar-
ison with earlier studies we also calculated the effect of survivorship
bias for a one-index model. These results are also shown in Table 2.
The estimates of a for the one-index model are much higher than

different periods and found a slight tendency for higher a’s in early years. Thus, if there is a
bias because of differential performance across time it will result in an overstatement rather than
understatement of the performance of funds that don’t exist for the entire period.

'8 To examine the robustness of our estimate of bias, we also used a four-index model employing
a value versus growth index. Researchers have shown that value-growth and market-to-book are
potentially interesting additional indexes. We used a value versus growth index based on growth
and value indexes produced by Prudential Bache. This index was extremely highly correlated
with an index measuring the difference between high and low market-to-book ratios [similar to
the index employed by Fama and French (1992)], and thus it may in part capture market-to-book
influences. The estimates of bias using the four-index model were for panel A in Table 2: 1.4789%
for merger only and 1.3181% for merger and policy change; and for panel B were 0.8388% and
0.7326%, respectively. These estimates are very close to the estimates using three indexes.
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for the three-index model. This was a period where small stocks per-
formed relatively well. We know from Elton et al. (1993) that this
will cause funds with significant exposure to small stocks to appear
to have superior performance when a one-index model is used. The
estimates of bias for panel A in Table 2 are much lower for the one-
index model than they are for the three-index model. Examining the
regression results used to estimate a’s revealed that 8’s (sensitivity) for
merged funds with the small-stock index were generally higher than
those for nonmerged funds. This causes the single-index model to
confound the small-fund effect with & and thus to underestimate the
bias for the one-index model. We feel the estimates shown in panel A
for the one-index model are inaccurate and should be ignored. When
we consider reinvestment, the same influences are present, but they
are dampened by the averaging with the data from the partner fund.

While we believe the three-index model is the appropriate way to
measure excess returns and bias, we also present the results in terms
of raw (unadjusted) returns and the difference between return and
the naive strategy of holding the S&P 500 Index.!?

Examining panel A, we see that looking at raw returns would lead
to a very high estimate of bias (1.875). The reason is easy to see.
The S&P 500 Index performed worse in the months when the merged
funds were around than it did in the months when the merged funds
were not around. Measuring bias from raw returns confounds the
effects of merger performance and market performance. Simply mea-
suring each fund’s performance net of the return of the S&P 500 Index
eliminates the bulk of this problem.?’ Notice that the estimates from
these excess returns are close to the estimates arrived at using the
one-index model. The reason is that this procedure is the same as as-
suming a one-index model holds and the B of all funds with the S&P
500 Index is equal to 1. We have already explained why the results
using the one-index model are inferior to the results using the three-
index model. Forcing the B to be equal to 1 for all funds compounds
the error and leads to inferior estimates of bias. It is important to point

9 In panel A, since our nonsurviving funds exist for different numbers of months, each fund was
paired with an investment in the S&P 500 Index over the months it existed. The overall return
for the S&P 500 Index is a weighted average of these paired returns. The effect of this is to
weight the monthly S&P 500 return by the number of funds in our sample in any month. Since
panel B represents a “follow the money” approach and the investor is always fully invested, the
appropriate value for the S&P 500 is its average return over the full sample period.

2 We use the S&P 500 Index for comparison with, and adjustment of, raw returns. Comparison with
an index fund is also interesting and can be done easily. Index funds available to individuals
exist with a correlation of .99 with the S&P 500 Index and an annualized a of -0.30%, which is
just about equal to the expense ratio for these funds. The comparison with an index fund simply
lowers the appropriate index returns by about 30 basis points and leaves the estimate of bias
unchanged.
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this out, for using raw returns or excess returns over some index is a
procedure that has been using extensively in the literature.

When we move to panel B, we see that the estimate of bias remains
unchanged whether we measure returns in raw form or as excess
return relative to the market. This is one of the advantages of the
“follow the money” approach; it is much more robust to alternative
metrics for performance measurement. However, while the alternative
measures of bias are closer together, for the reasons given above we
believe the three-index model gives the best results.

Before leaving this section, we should address a potential problem
with our methodology. It is possible that funds systematically change
their behavior prior to a merger. This could show up either as a change
in B’s (sensitivities) or a change in residual risk. For example, one
could hypothesize that a manager observing that a fund is having
difficulties may increase risk dramatically by loading up on high-risk
securities, reducing diversification, or betting on a type of stock (e.g.,
small stocks). If a manager were to do any of these, then the variance
of the residuals around the three-index (or one-index) model should
be higher right before the merger than in earlier proofs. Because we
are using a regression over the full sample period (up to the time of
the merger), changes in either the regression coefficients or residual
risk should be reflected in an increase in the variance of the residuals. .
To examine this we calculated for all merged funds the variance of
the residuals for the 6 months prior to the merger and for the 30
months that preceded this 6-month period. The average number and
.0595 and .0591, respectively. The fact that the variances are virtually
the same over both periods gives us confidence that our three-index
model adequately describes the risk process prior to the merger.?!

Characteristics of Funds that Merge into Partner Funds and
Their Partner Funds

In this section we will examine the characteristics of funds that disap-
pear in merger (DIM) and the partner funds into which they merge. We
examined size (total net assets), expense ratio, load, investment ob-
jective, and performance. All analysis is done for the sample of funds
over $15 million in size. While characteristics of mutual funds that
merge into another fund have been previously studied, no one hereto-
fore has simultaneously analyzed both the characteristics of funds that
merge into other funds and the partner funds into which they merge.

When using the one-index model, the average variance for the 6 months prior to the merger is
.0671, and the average variance for the 30 months preceding that 6-month period is .0722. These
numbers are also fairly close and indicate, if anything, a reduction in risk prior to the merger.
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Funds that merge into partner funds are smaller than the average
of all funds and smaller than the funds into which they merge. The
average size of DIM funds in our sample was about $52 million, while
the average size of all funds weighted by the year of merger was about
$305 million.?? Twenty-eight of the 42 funds were under $50 million,
with 15 under $25 million.

Both the average for the entire sample and for the DIM funds was
strongly affected by a few large funds. To control for this we also
computed their average rank, where funds were ranked from small to
large. The average rank for the DIM funds was the 25% percentile.

The partner funds also tended to be smaller than average. The
average size of the partner funds was $155 million, about one-half
the size of all funds. On average, the partner funds ranked in the 43%
percentile of all funds (43% were smaller).

Before we examine expenses we must consider the interrelation-
ship between size and expenses per dollar invested. Size and expenses
are highly related. To examine this we ranked funds in our sample by
size decile and computed the average expense ratio in each decile. To
examine if our sample was in any way idiosyncratic, we also did the
same analysis for the funds listed in Morningstar that had the same
objectives as funds in our sample. Our sample contained a maximum
of 207 funds with over $15 million in assets at the end of 1976, and
Morningstar included 773 funds for the year-end 1992 that we an-
alyzed. Table 3 shows the results for the beginning of our sample
period and for the 1992 Morningstar data. Examining Table 3 shows
almost a monotonic decrease in expense ratios as size increased. This
relationship is significant at the 1% level using a rank correlation test.

Thus, in examining difference in expenses, we need to hold the
effect of size constant. To hold size constant we matched each DIM
fund as well as each partner fund with the two funds closest in size:
one larger and one smaller. The results are shown in Table 4. DIM
funds have higher expenses than the average fund (1.17% compared
to 1.03%). However, the expenses for DIM funds are lower than the
matched pairs of similar size, although not significantly so. Thus the
expenses of DIM funds are no different than funds of the same size
that don’t merge. A different pattern emerges for partner funds. Partner
funds have significantly bigher expenses than the matched funds of
the same size, 1.24% compared to 0.97%. Furthermore, the partner
funds are higher in expense than the DIM funds. We also examined
what happened to the expenses of partner funds after the merger.

The average for all funds in our sample was computed by taking the average asset size in each
year and multiplying by the fraction of funds that merged in that year. This averaging was done
to correct for an increase in size of the average fund over time.
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Table 3
Total year-end net asset size and annual expenses by decile (each decile constructed by
ranking on asset size)

1976 1992
Decile Assets Expenses Assets Expenses
1 $ 16.85 1.25% $ 5.43 2.38%
2 $ 21.50 1.12% $ 1551 1.51%
3 $ 29.93 1.13% $ 2927 1.55%
4 $ 38.01 1.10% $ 4535 1.55%
5 $ 49.96 0.94% $ 7617 1.34%
6 $ 71.23 0.93% $ 12091 1.28%
7 $113.09 0.79% $ 18247 1.33%
8 $189.39 0.67% $ 31255 1.16%
9 $328.47 0.66% $ 621.88 1.05%
10 $831.70 0.54% $2,469.14 0.90%

The 1976 data are from the 207 funds with more than $15 million in total net assets as shown in
the 1977 edition of Wiesenberger and described in Table 1. The 1992 sample is all common stock
funds listed in Morningstar at the end of 1992; that sample size is 773 funds. Total net assets are
in millions of dollars; expenses are expressed as a percentage of net assets.

Table 4
Average annual expense ratios of merged and partner funds
Std. dev. t value
Sample Matched pair Difference of difference of difference
Merged 1.170% 1.210% —0.040% 0.065% 0.70
Partner 1.240% 0.970% 0.270% 0.075% 4.45

Average 1.025%

The column labeled “Matched pair” contains the average expense ratio of the matched pair for
each of the corresponding sample funds; a sample fund’s matched pair consists of the funds with
the next smaller and next larger asset sizes surrounding the asset size of the sample fund.

The columns labeled “Difference,” “Std. dev. of difference,” and “¢ value of difference” contain
values computed using pairwise differences of the corresponding sample funds’ expense ratios
and the average expense ratios of the sample funds’ matched pairs.

The row labeled “Average” contains the simple average of the expense ratios for all funds in the
sample.

We could find no discernible pattern. The higher expenses of partner
funds were not due to expenses incurred with the merger, nor did the
merger lead to lower expenses in subsequent years.?

While we have discussed expense ratios in general, we have not
as yet examined one element of expense, the existence of loads. It is
possible that funds merge into partners which, while having a higher
annual expense, do not have a load. Table 5 shows that this is not
the case. There is no tendency for funds that merge to select partner
funds without loads. There is some tendency for funds to merge into
partners with the same load policy as the merged fund.

2 For a few funds the merger year seemed to be a local maximum. This pattern was not strong
enough to show up for the average of all DIM funds.
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Table 5
Change in load policy between merged funds and partner funds
Actual occurrence Expected occurrence
No change 29 203
Load to no load 4 9.1
No load to load 4 7.6

Expected occurrence is computed by assuming that the probability of a fund ending up in any
load category is equal to the fraction of funds in that category in the year of the merger.

Actual occurrences do not total 42 (the number of merged funds in our sample) due to
unavailability of load policy data for some partner funds.

Table 6
Change in investment objective between merged funds and partner funds
Actual occurrence Expected occurrence
No change 20 135
Riskier 12 11.1
Less risky 8 19.2

Investment objectives were ranked from most risky to least risky as follows: maximum capital
gains, growth, growth and income, and income.

Expected occurrence was computed by assuming that the probability of any fund merging into a
partner fund with a particular objective was equal to the percentage of funds that followed that
particular objective in the merger year.

Actual occurrences do not total 42 (the number of merged funds in our sample) due to
unavailability of investment objective data for some partner funds.

The next issue to be examined is the investment objectives of the
DIM fund and the partner fund. Do funds tend to merge into funds
with less risky objective to help out investors who have recently had
a bad experience (bad return), or do funds pay no attention to risk
in picking partners? Table 6 presents some evidence on this. The col-
umn labeled “actual occurrence” shows the number of funds that held
investment objective constant, became riskier, or became less risky.
The entries under “expected occurrence” show the number that would
have been in each category if the decision as to merger partner were
made at random. This number was calculated by assuming that the
chance of picking a partner fund was equal to the percentage of funds
that followed each investment objective. The table shows that there
is no tendency for funds to pick merger partners that are less risky.
One-half of the sample pick partners that have the same risk. Of the
remaining group, more than half merge into funds that are more risky.
When comparing these results to the expected occurrence, we see that
the number of funds that became riskier is about what we would ex-
pect, while many fewer funds become less risky than expected, and a
larger than expected number merge into funds with the same policy.
There is no evidence that funds become less risky; in fact, on average
they tend to become more risky after they merge.
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The last aspect of DIM funds and partner funds we examine is the
excess return () from the three-index model. We examined the « for
the DIM fund for a 3-year period before the merger and the « for the
partner fund both 3 years before and 3 years after the merger. The DIM
funds had an average annualized « of -3.6% before merger, while for
this same period of time the partner funds had an average annualized
o of +1.7%.24 It appears that funds that are doing poorly are merged
into partner funds that have had very good performance relative to
the population of funds from which partners can be selected. The
next obvious question to ask is whether this excellent performance
continues after the merger. The answer is that in the 3 years following
the merger the a on the partner fund is actually slightly worse than
the « for the average fund in our sample.?

Survivorship Bias and Length of Sample Period

Researchers who have examined mutual fund performance have used
sample periods ranging from 10 to 20 years. Clearly, the longer the
sample period the greater the survivorship bias. In order to interpret
the results contained in the literature, we need to estimate the sur-
vivorship bias for different holding periods. Merger activity is clearly
a function of economic conditions. Thus to look at survivorship over
the first 10 years of our sample is to make the estimate both a function
of the shorter time interval and a function of the particular economic
conditions that exist over that period. An alternative is to compute an
average merger rate and use that average rate as the merger rate in
each year. The argument against using the average rate is that each
year in our sample we know that funds have existed one more year,
and this could affect merger probability. Also, it is possible that merg-
ers are related to market movements and tend to cluster in one year.
To test this, we regressed merger rates as a function of time. We found
no relationship (a negative adjusted R?). Figure 1 shows the plot of
the actual proportion that survived and a plot under the assumption
of a constant survival rate when survival is defined as not merging.2°

% The o for merged funds is slightly different from that reported in Table 2. The reason is that funds

that merged did slightly worse in a 3-year span prior to the merger than they did in earlier periods.

% We got similar results when performance was computed over a 1-year period (before and after)

the merger.

% Brown and Goetzmann (1994) explore the relationship between funds disappearing from Wiesen-

berger and fund characteristics. They find that fund disappearance from Wiesenberger is a function
of size, expenses, age, and relative performance. We do not find the same relationship with age.
Malkiel (1994) has a sample where new funds enter as they are formed. He was concerned that
the different life of his funds might affect his results. The survivorship pattern in our data indicates
that this is not likely to be a problem in his sample.
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Survival as a function of time: common stock at beginning
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Figure 2
Survival as a function of time: common stock throughout

Figure 2 shows the same data when survival is defined as not merging
and with no change in investment policy. The percentage of funds that
merge in each year is 2.3%, while when we consider either a merge
or a policy change, the percentage becomes 2.9%. As can be seen
from the diagrams, the assumption of a constant survival rate closely
matches the data for the actual survival rate. These same figures can
be used to analyze another issue. Potentially, survivorship can be a
function of market conditions. The figures suggest survivorship is not
a function of market conditions. A regression of survival rates on the
S&P 500 Index also showed no relationship.

1115



The Review of Financial Studies /v 9 n 4 1996

Table 7
Survivorship bias (¢) and length of sample period (three-index model)
Assuming no reinvestment Assuming reinvestment
Number of Common Common Common Common
years in stock at stock stock at stock
study beginning throughout beginning throughout

10 0.489% 0.386% 0.396% 0.348%
11 0.545% 0.431% 0.443% 0.392%
12 0.602% 0.478% 0.493% 0.439%
13 0.660% 0.526% 0.544% 0.487%
14 0.719% 0.576% 0.598% 0.538%
15 0.780% 0.627% 0.654% 0.591%
16 0.843% 0.679% 0.712% 0.647%
17 0.907% 0.734% 0.772% 0.705%
18 0.972% 0.789% 0.834% 0.766%
19 1.039% 0.847% 0.899% 0.830%
20 1.108% 0.906% 0.966% 0.896%

Bias is defined as average « for surviving funds minus average « for all funds when a three-index
model is employed.

Table 7 for the three-index model and Table 8 for the one-index
model show the effect of survivorship bias over horizons from 10
to 20 years using each of the measurement techniques discussed
earlier.

In Table 7 we calculate all results using a three-index model. Bias
estimates are presented for 10 to 20 years because this encompasses
the time frame of all prior studies. In the columns headed “Common
Stock at Beginning” we are presenting bias estimates that are rele-
vant for all studies that insisted that a fund exist for the entire period
but only looked at investment policy at the beginning of the period.
The failure rate used here is the 2.3% per year that we previously
estimated form our database. In the two columns headed “Common
Stock Throughout” we present estimates of bias to use in evaluating
results from studies that insisted on a fund existing for the entire pe-
riod and that eliminated funds that changed policy at any point in the
study.

Table 7 shows us that the amount of bias present in other stud-
ies does not vary a great deal whether we measure o up to the
month of a merger or policy change or measure o by making spe-
cific reinvestment assumptions. In addition, the estimate does not
vary much whether researchers examine samples where funds that
changed investment policy were included or excluded. For example,
consider bias estimates for a 20-year sample. The largest estimate of
bias is 1.108% and the smallest is 0.896%. All of the numbers are
clearly of economic significance. The largest differences occur be-
tween the cases where the researcher rejects funds with investment
policy changes and the cases where they are not rejected. The table
shows that the bias is smaller when the investor rejects funds (throws
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Table 8
Survivorship bias (o) and length of sample period (one-index model)
Assuming no reinvestment Assuming reinvestment
Number Common Common Common Common
years in stock at stock stock at stock
study beginning throughout beginning throughout

10 0.173% 0.014% 0.378% 0.336%
11 0.192% 0.016% 0.423% 0.378%
12 0.212% 0.018% 0.470% 0.423%
13 0.233% 0.020% 0.519% 0.470%
14 0.254% 0.022% 0.570% 0.519%
15 0.275% 0.023% 0.624% 0.570%
16 0.297% 0.025% 0.679% 0.624%
17 0.320% 0.027% 0.737% 0.681%
18 0.343% 0.029% 0.796% 0.739%
19 0.367% 0.032% 0.858% 0.801%
20 0.391% 0.034% 0.923% 0.865%

Bias is defined as average « for surviving funds minus average o for all funds when a one-index
model is employed.

out funds) that had a change in policy during a period. Why does
this occur? The answer is that a large number of the funds that had
policy changes subsequently merged. In fact, 58% of the funds that
had policy changes subsequently merged. These funds had very poor
performance between the time of the policy change and the merger
(that is why they subsequently merged). By assuming the investor
stops investing in these funds at the time of the policy change rather
than at the time of the merger, we increase the performance of the
unbiased sample (labeled “All” in Table 2). Therefore the “All” entries
are much larger for the case where funds that have policy changes
are excluded, and this results in a smaller bias.

Note that while the differences at a point in time across ways of
measuring bias are not large, the estimate of bias varies a great deal
with the length of the study regardless of the methodology adopted.
For example, when ignoring policy change while assuming reinvest-
ment, the estimate of bias is 0.396% per year in a 10-year study and
0.966% per year in a 20-year study.

The results for the one-index model are shown in Table 8. When
we assume reinvestment, the bias produced by the one-index model
is very similar to the results using the three-index model. A large dif-
ference does arise in the case where we assume no reinvestment.
This case shows much lower values for bias. Again, the data that
leads to this can be clearly seen from Table 2, where the estimates
of bias without reinvestment for the one-index model are shown to
be much smaller than for the three-index model. The reasons for this
were discussed earlier. They account for the results in Table 8 and
explain why we do not consider these cases in Table 8 to be approp-
riate.
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Table 9
Size and performance

a
(from three-index model)

Size Biased Unbiased
Smallest decile —0.342% —0.718%
Largest decile —0.394% —0.308%

The values in this table are the average decile a’s, where the a’s are calculated from our three-
index model over our sample period; funds are assigned to deciles by ranking on size (total net
assets) at the start of our sample period (year-end 1976).

Table 10
Investment objective and performance

a
(from three-index model)

Biased Unbiased
Max. cap. gain 0.720% —0.341%
Growth 0.680% —0.655%
Growth & Income —0.649% —1.049%

The values in this table are the average o’s within investment objective categories, where the a’s
are calculated from our three-index model over our sample period; funds are classified according
to their investment objectives at the start of our sample period (year-end 1976).

Survivorship and Fund Characteristics

There is one more aspect of survivorship that deserves discussion.
Failure to correct for bias can lead to incorrect inferences about the
impact of fund characteristics. Two examples of this are presented in
Tables 9 and 10.

When we examine the performance of the largest 10% of our sam-
ple and the smallest 10% of our sample ranked by assets under man-
agement, we find very different inferences about the impact of size (at
the beginning of the sample) on performance. If we look at the biased
sample (see Table 9), we find virtually no difference in performance
between large funds and small funds. (Actually, small funds appear to
perform just slightly better.) These results are consistent with previ-
ous findings of the impact of size on fund performance [e.g., Sharpe
(1966)]. However, when a’s on the largest and smallest funds are ex-
amined for the unbiased sample, we find the smaller funds perform
much worse, with a negative @ more than twice the negative « of the
large funds. The results are clearly consistent with the fact that a larger
percentage of small funds relative to large funds fail to survive, and
funds that fail to survive have poorer performance than funds that do
survive,

As a second example of the effect of survivorship bias on the rela-
tionship of fund characteristics and o consider Table 10. Table 10 is a
standard table for comparing « across fund investment objective. For
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the biased sample, the maximum capital gain and growth funds ap-
pear to have positive o’s. This is consistent with the results reported by
Grinblatt and Titman (1989) and Connor and Korajczyk (1991). How-
ever, when looking at the results accounting for survivorship bias, a
different picture emerges. All fund categories have negative a’s. Fur-
ther, the category “growth,” which some prior researchers found had
the best performance, has the biggest adjustment in « and no longer
has the best performance.

These simple cases illustrate the fact that erroneous conclusions
can be reached about the impact of a variable on performance when
a sample of mutual funds that contains survivorship bias is examined.

Conclusions

Almost all prior mutual fund studies suffer from survivorship bias.
Since funds that merge have worse performance than those that don't,
those studies contain estimates of performance that overstate true per-
formance. This study provides estimates of survivorship bias that can
be used as benchmarks to determine the amount of bias in studies
that do not take survivorship into account. This study also examines
the characteristics of funds that disappear through merger and the
funds into which they merge. Finally, we have presented two exam-
ples of the fact that a failure to eliminate survivorship bias can lead a
researcher to spurious conclusions about the effect of fund character-
istics on return.
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