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Abstract

This paper provides empirical evidence on the comparative perfor-
mance of three important players in the US financial services industry:
defined benefit (DB) pension funds, defined contribution (DC) pension
funds, and mutual funds. We have access to a pension fund database,
which provides fund-specific cost, benchmark and equity return in-
formation at the total plan level. This allows us to study both net
and gross equity returns in great detail. Our empirical results clearly
show that equity investments of DB and DC pension funds perform
according to their fund-specific benchmarks, whereas mutual funds on
average under-perform by about 150-200 basis points in the same pe-
riod. We find modest evidence of persistence in mutual fund returns,
while there is none in pension fund returns. The performance differ-
ential between pension and mutual funds cannot be fully explained
either by differences in costs, as a result of economies of scale, or by
size, risk and style deviations. We conclude that other factors must

play an important role. Agency costs are a usual suspect.



1 Introduction

This paper provides empirical evidence on the comparative performance of
three important players in the US financial services industry: defined benefit
(DB) pension funds, defined contribution (DC) pension funds, and mutual
funds. Individuals, who save for their retirement, can be members of a DB
or DC pension plan. DB plan managers generally decide on both strategic
asset allocation and security selection on behalf of their participants. In the
case of DC plans, individuals have more degrees of freedom in making asset
allocation choices, but the supply of investment vehicles is mostly deter-
mined by DC boards. Often, negotiations with institutional asset managers
result in an array of mutual funds across major asset classes. Moreover, a
substantial number of private individuals directly holds mutual fund vehi-
cles to upgrade insufficient pension accruals or simply because they are not
member of a pension plan.

The three saving options potentially have different returns to investors.
Mutual fund management companies are for-profit organizations, whose pre-
dominant reason for existence is to maximize the collection of fees. DB and
DC pension plans are not-for-profit institutions, who provide participants
with a possibility to accrue retirement benefits in a pooled, cost and tax-
efficient environment. The important question is whether these different
objectives materialize in significant differences in returns. For instance, do
professional mutual fund organizations attract more experienced and skilled
portfolio managers, which consequently leads to higher returns for mutual
fund investors? Or alternatively, do pension funds have a clear advantage
vis-a-vis mutual funds as a result of economies of scale, which eventually
leads to lower cost levels and hence higher net returns for participants? The
first question has been answered unambiguously in the mutual fund litera-
ture. Gruber (1996) and Malkiel (1995), among many others, clearly docu-
ment the inability of mutual funds to beat the market. The second question
has not been addressed explicitly in the finance literature, largely because of
the lack of fund-specific cost and benchmark information on pension funds.

Lakonishok, Schleifer, and Vishny (1992) introduce agency costs as an
additional element in the discussion on the expected performance differences
between (DB) pension funds and mutual funds. They document that DB

pension plans in the US consistently under-perform broad benchmarks like



the S&P 500. The main argument put forward is the existence of multiple
layers of agency relationships between companies, pension treasurers, money
management firms and plan participants. Ambachtsheer (2005) extends this
discussion by highlighting the inherent conflict that results from for-profit
organizations providing management services directly to millions of faceless
mutual fund investors. He argues that the combined forces of informational
asymmetry between managers and clients, and the presence of pronounced
principal-agent problems, logically lead to poor net investment returns.

To shed more light on this discussion, it is of vital importance to learn
more about the comparative performance of DB, DC and mutual funds in a
unified framework. Surprisingly little is known about this performance in the
finance literature, mainly due to the absence of comprehensive pension fund
data. Previous studies relied on gross returns (before fees are deducted),
managed accounts of pension funds (instead of overall plan performance)
and/or compared performance to broad market indices (e.g. S&P 500). In
our study, we have access to an exclusive US pension fund database provided
by CEM Benchmarking Inc. (CEM). This allows us to jointly address the
above mentioned shortcomings in earlier research.

We contribute to the literature on the performance of financial services
in five distinct ways. First, we measure the performance of equity portfolios
of 716 DB plans, 238 DC plans and 4,030 mutual funds at the individual
fund level in the US. Second, as we have full information on the cost struc-
ture of all individual pension- and mutual funds, we are able to present both
gross and net comparative performance. The cost structure contains more
components than previously documented in pension literature, including di-
rect investment, oversight, custodial and trustee, and audit costs. Third,
the CEM database allows us to employ fund-specific benchmarks in con-
trast to the majority of previous studies. Fourth, we test for the influence of
investment style (large versus small cap), outsourcing (internally /externally
managed) and risk taking (active versus passive investing) on the compara-
tive performance of DB, DC and mutual funds. Fifth, we document evidence
on the performance persistence of the three investment options. These con-
tributions enable us to explicitly address the skill and cost arguments when
assessing performance differences between pension and mutual funds.

In the empirical results section we show that (size-matched) mutual funds

on average under-perform the corresponding benchmarks significantly, some-



times up to -300 basis points. Both DB and DC pension funds on average
perform according to their fund-specific benchmarks, despite a huge differ-
ence in average size of their equity holdings. We find modest evidence of
persistence in mutual fund returns and no evidence of pension fund return
persistence. The deviations in performance between pension and mutual
funds cannot be fully explained by differences in costs, size, risk and in-
vestment style. The performance differential might be an indication of the
agency costs argument put forward by Ambachtsheer (2005).

Section 2 presents a brief overview of the existing literature on the equity
performance and persistence of DB and DC pension funds and mutual funds
respectively. Furthermore, we highlight the contributions of our study. In
section 3 we discuss the details of the CRSP mutual fund database and the
CEM pension fund database. We describe the performance measurement
and risk adjustment methodology in section 4. Section 5 contains a discus-

sion of empirical results. Finally, section 6 provides concluding comments.

2 The Performance Debate

Mutual funds and pension funds have been subject to decades of academic
research. Mutual funds in particular, served as an excellent laboratory to
investigate the performance of professional money managers. Due to data
availability, studies on pension fund performance are relatively scarce. Be-
low, we briefly discuss the existing literature on the performance of the
financial services industry and subsequently indicate the contributions of

our study.

2.1 Mutual Funds

Mutual funds are traditionally organized as a cost-efficient tool for retail
investors who wish to build a diversified portfolio. They offer individual
investors portfolios managed by professional managers. This may sound
appealing, but private investors have to take into account that mutual
fund companies are for-profit organizations. Mutual fund families charge
investors around 1.2% in annual management fees and up to 5.0% in entry
and/or exit load fees. As these fees are based on the amount of asset un-
der management (AUM), a fund family clearly has an incentive to increase

AUM. One way to realize this increase is through media attention. For in-



stance, Sirri and Tufano (1998) show that mutual fund flows are positively
related to the amount of media attention a fund receives. Consequently,
higher media attention leads to higher marketing costs, which inevitably
puts a drag on net performance. Sirri and Tufano (1998) also provide ev-
idence that individual investors are highly sensitive to past performance.
Past high performance funds receive disproportionately large inflows when
compared to the average fund. This reinforces our previous argument, as
marketing efforts mainly stress past performance.

In light of the long-term debate on the efficiency of financial markets, aca-
demics have been investigating mutual fund returns for about four decades.
The mutual fund sector is heavily regulated, which makes it highly transpar-
ent with respect to fund returns. A wealth of databases provides academics
with over 40 years of investment returns and information on size and fees
of US mutual funds, resulting in a large number of performance evalua-
tion studies. The majority of earlier work [Sharpe (1966), Jensen (1968)]
concludes that the performance of mutual funds is inferior to that of a com-
parable passive market proxy. During the late 80s and 90s some contrasting
findings appeared. For instance, Grinblatt and Titman (1989, 1992), Ip-
polito (1989) and Wermers (2000) document that mutual fund managers
possess enough private information to offset the expenses they incurred.
Furthermore, Hendricks, Patel, and Zeckhauser (1993), Goetzmann and Ib-
botson (1994) and Brown and Goetzmann (1995) find evidence of persistence
in mutual fund performance over short-term horizons. However, Carhart
(1997) argued that this effect is mainly attributable to simple momentum
strategies, and not to superior fund management. Finally, Malkiel (1995)
and Gruber (1996) observe that most of the older studies are subject to
survivorship bias. When adjusted for this bias, mutual funds on average
under-perform the market proxy by the amount of expenses charged to in-
vestors. As a result, investing in a low cost index fund is preferred over

choosing an actively managed fund.

2.2 Defined Benefit Pension Plans

In contrast to mutual funds, pension funds are not-for-profit institutions.
DB plans promise participants a pattern of benefits after retirement, which
does not solely depend on the investment performance of the fund. In a

corporate DB plan, the corporation obligates itself to pay a certain level



of benefits to its participants. If the plan is under-funded, the corporation
has to provide supplementary funding to the pension fund. Therefore, it is
clearly in the interest of a corporation to achieve the highest possible returns
on the pension plan assets to prevent a claim on the corporation. The same
holds for public DB plans, where ultimately taxpayers will be addressed in
case of under-funding.

Data on individual DB plans is difficult to obtain, narrowed down to spe-
cific plan types and generally of poor quality. As a result, academic studies
on the performance of DB plans are limited in both number and sophis-
tication. The majority of previous work is focused on delegated portfolio
management. These so-called pension fund accounts are typically managed
by well-known institutional asset managers, who report to investment con-
sultants.

One of the first studies on delegated portfolio management for DB plans
is conducted by Beebower and Bergstrom (1977). They examine the perfor-
mance of 148 US portfolios by using a CAPM (1-factor) framework. In their
study the average portfolio outperforms the S&P 500 by 1.44% per year. Al-
though the estimate does not differ significantly from zero, the authors docu-
ment a significant pattern of persistence in performance. Similar results are
documented by later studies. Christopherson, Ferson, and Glassman (1998)
examine 273 pension fund accounts using a conditional multi-factor exten-
sion of the CAPM and find significant persistence in performance. Busse,
Goyal, and Wahal (July 2006) perform the most complete study on pension
fund accounts so far. They study 6,260 portfolios managed by institutional
asset managers on behalf of pension funds, in the period 1991-2004. Using
a conditional multi-factor model, they find that the average fund outper-
forms the market by 1.24% after expenses. This outperformance is only
marginally significant. While studies on delegated pension fund portfolios
show slightly positive performance, research on overall DB plan performance
are somewhat more negative. Brinson, Hood, and Beebower (1986) study
the returns of 91 DB plans during 1974-1983. Benchmarked against the S&P
500, the plans under-perform by 1.10% per year. Ippolito and Turner (1987)
investigate a much larger sample of 1,526 plans during 1977-1983 and find
that the average plan under-performs the S&P 500 in a CAPM framework
by 0.44% per year. Finally, the widely cited study by Lakonishok, Schleifer,
and Vishny (1992) questions the future of the DB industry. Their sample



of 769 DB plans under-performs the S&P 500 by 2.60% per year during
1983-1989.

2.3 Defined Contribution Pension Plans

In contrast to DB plans, participants in a DC plan are not entitled to a
fixed amount of benefits. Under a DC plan, the participant has an account
to which both the employer and the employee make regular contributions.
The ultimate benefit depends on the level of contributions and investment
returns of assets in the account. An important difference with the DB plan is
that DC members bear all the investment risk. The corporation or taxpayers
have no obligation with respect to the final outcome of the benefit.

Mutual funds constitute a large part of the choices offered to participants.
The DC plan sponsor can make a deal with a large mutual fund family, that
offers a range of mutual funds to choose from. This is commonly referred
to as a 401(k) plan. Although most plans offer a wide diversity of funds
(equity, bonds, money market), Elton, Gruber, and Blake (2006) question
the adequacy of choices offered to participants. They find that in over
60% of plans, participants would be better off with additional investment
opportunities. Information on DC plans is scarce and often incomplete. The
only exception is the study by Elton, Gruber, and Blake (2006) mentioned
before. They investigate mutual funds offered by 43 DC plans in the period
1993-1999. Using a multi-factor model, they find that the average mutual
fund offered under-performs the market by 0.31% per year. Interestingly,
these funds significantly outperform matched mutual funds not offered in
the DC plan. Hence, it seems that DC plan sponsors are able to pick the

best performing funds for their participants.

2.4 Comparing DB, DC and Mutual Fund performance

To our knowledge, no previous study compared the performance of DB, DC
and mutual funds in a unified framework. We expect differences in costs to
be a main driver of the comparative performance of DB, DC and mutual
funds. Although all three types of funds profit from economies of scale,
significant differences are present. The size of the equity part of the average
DB plan in our sample is $2,750 mln. DC plans and mutual funds, with

respectively $617 mln. and $370 mln. in equities, on average are much



smaller. These economies of scale potentially leads to large differences in
costs.

The above mentioned hypothesized differences in costs only matter in the
absence of skill. Often, managers claim to possess sufficient stock-picking
skills to offset higher fees. Empirical analysis on the relationship between
risk adjusted returns and mutual fund fees clearly points towards the oppo-
site. For instance, Malkiel (1995) and Carhart (1997) document a significant
negative relationship. The current consensus is that mutual funds on av-
erage under-perform. Funds with high fees perform worst. Based on the
research described in section 2, we cannot identify skill among delegated
managers of DB plans.

Finally, we believe that the different agency relationships in pension and
mutual funds have an impact on their comparative performance. Lakon-
ishok, Schleifer, and Vishny (1992) argue that corporate treasurers have a
bias against passive management, because it reduces their importance in
the organization and therefore weakens the position of the treasurer. Addi-
tionally, Lakonishok, Schleifer, and Vishny (1992) claim that external man-
agement is preferred, as it reduces the responsibility for potentially poor
performance. This explains why treasurers tend to out-source assets to ac-
tive fund managers. These fund managers clearly have a different objective.
They want to attract clients with good past performance in a commercial set-
ting. Shifting the responsibility to external managers might therefore come
at high costs. In a DC plan sponsors shift this responsibility to participants.
Their only job is to make a deal with an external investment company to
provide participants with an adequate array of investment opportunities.
Consequently, both DB and DC officials have to select managers from a
large for-profit pool. In this pool both institutional asset managers (dele-
gated portfolio management) and mutual fund companies (mutual funds) are
operating. Based on the discussion above, we expect agency relationships

to influence the comparative performance of DB, DC and mutual funds.

2.5 Added value of our study

We complement previous work on pension fund performance in five ways.
First, most previous work investigates managed pension accounts, delegated
to outside parties. We investigate equity returns at the individual plan level,

which allows us to address additional questions. For instance, what is the



relationship between pension plan size, fees and returns? Studying sep-
arate fund accounts does not allow for these types of tests. As we also
collect information on retail mutual funds, we are able to make a direct
comparison between different types of pension funds (DB and DC) and re-
tail mutual funds. By using the same methodology, time frame and focus
(equity), this allows for a more detailed comparison. Second, most previous
studies have no (or limited) information on costs of pension fund portfo-
lios and present returns gross of all expenses. We expect large differences
in costs between for-profit and not-for-profit funds, which may have a sub-
stantial impact on results. We are able to determine detailed fund specific
costs at different aggregation levels and take into account cost components
that have not been incorporated before. In the empirical section both gross
and net returns are reported. Third, the majority of previous studies on
pension fund performance uses broad equity benchmarks to study active
returns. For instance, Brinson, Hood, and Beebower (1986) and Lakon-
ishok, Schleifer, and Vishny (1992) compare pension fund performance to
the S&P 500 only. Later studies by Christopherson, Ferson, and Glassman
(1998), Busse, Goyal, and Wahal (July 2006) and Elton, Gruber, and Blake
(2006) employ more elaborate multi-factor models, but this benchmarking
methodology is still a poor approximation. The CEM database provides
fund-specific benchmarks. Fourth, we test for the influence of investment
style (large versus small cap) and risk taking (active versus passive invest-
ing) on the comparative performance of DB, DC and mutual funds. Fifth,
we document evidence on the persistence of all three investment options for

retirement provision at the plan level.

3 Data

This section describes the characteristics of the mutual and pension fund
databases. Data on equity investments are extracted from two different
sources. Mutual fund data are retrieved from the CRSP database, the stan-
dard database for mutual fund research. DB and DC pension fund data are
collected by CEM Benchmarking Inc. (CEM), which collects detailed infor-
mation on pension fund performance in all asset classes. Furthermore, the

CEM database contains fund-specific costs (breakdowns) and benchmarks.



3.1 Mutual Fund Data

To CRSP database is survivorship bias free. It covers all US mutual funds
during 1962-2004. Beside fund returns, it provides a vast range of retriev-
able fund specific variables, for instance the expense ratio, net asset value
(NAV), fund flows, turnover, investment style, portfolio holdings and man-
ager information.

We select all funds with investment objective ”US equity”. Additionally,
we retrieve the investment style for each fund in order to match it to specific
style benchmarks. Value and income oriented funds are matched against the
S&P 500 Barra Value benchmark, growth funds against the S&P 500 Barra
Growth benchmark and blend funds against the S&P 500. For small cap
funds we use the Russell 2000. Based on the self-acclaimed investment styles,
funds are subsequently grouped into small and large cap funds and split into
actively and passively managed funds. This procedure leads to a sample of
4,030 mutual funds. In order to enhance the comparison to CEM pension
fund equity returns, we retrieve mutual fund returns at a yearly frequency.
We consider the reported Total Expense Ratio (TER) as the expenses. TER
includes management fees, 12b-1 distribution fees, administrative costs and

other operational costs!.

3.2 Pension Fund Data

By means of yearly questionnaires, CEM requests pension funds to provide
insights in their gross performance, benchmarks and costs. Tables 1 and 2 il-
lustrate the diversity and evolution of the CEM equity database by reporting
the number of funds for different classifications, countries and regions. The
”Original”-panel shows characteristics of the data as provided by CEM. Pen-
sion funds are grouped into corporate, public and other funds. Furthermore,
CEM distinguishes between US, Canadian and European funds. Tables 1
and 2 also demonstrate the time frame of the analysis, 1992-2004 for DB
funds and 1997-2004 for DC funds. A total number of 716 DB and 238
DC funds have reported to CEM in the corresponding sample period. In
any given year, approximately 250 DB and 100 DC funds report to CEM.

This implies that CEM saves information on funds entering and leaving the

In addition to the TER, funds can charge entry and/or back end loads to investors.
The inclusion of loads is beyond the scope of this paper.
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database. Pension funds have several reasons to leave the database. For in-
stance, mergers and acquisitions of the underlying corporations may cause
funds to stop reporting. Finally, Tables 1 and 2 reveal that the database

mainly contains US and corporate funds.
[Figure 1 about here.]
[Table 1 about here.]
[Table 2 about here.]
[Table 3 about here.]
[Figure 2 about here.]

The unique structure of the CEM database allows an accurate evaluation
of performance and persistence. It provides the possibility to evaluate large
and small cap, actively and passively managed and internally and externally
managed (only for DB funds) equity investments separately. Figure 4 shows
the structure of our pension fund database by representing all equity clas-
sifications. When starting at the highest aggregation level, containing all
equity investments, subsequent split ups create different aggregation levels
as indicated in Figure 4. Data provided by CEM are reported on low ag-
gregation levels (e.g. gross returns on internally, passively managed large
cap stocks). For this reason, we are able to measure differences between
investment styles.

In order to measure these differences we need to aggregate the data.
Higher aggregation level returns are computed as value weighted averages
of lower level returns with lower level holdings as weights. Holdings are
aggregated by addition of lower level holdings. If, on a certain level, funds
report a positive holding but no return, value weighted aggregation is not
possible. Hence, we exclude these observations. Performance is measured
net of benchmark returns and costs, and thus consists of the difference of two
variables. If two observations need to be added or subtracted, one of them
missing, we consider the sum or difference as missing too. Additionally,
extreme outliers may influence our results in an undesirable way. Occasion-
ally, funds report returns larger than 300% in absolute value. We address
this by removing observations that have distances larger than three stan-

dard deviations from the cross-sectional mean. As a further refinement, we
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also exclude funds that report less than two years. Finally, we restrict the
analysis to domestic equity investments by US pension funds. This allows
us to compare our results directly with e.g. Christopherson, Ferson, and
Glassman (1998) and Elton, Gruber, and Blake (1996).

The effect of this procedure can be measured by comparing the original
and modified data set. Tables 1 and 2 summarize the yearly number of funds
in each category, for both the original and modified data set. The modified
panel in both tables displays data characteristics after outliers have been re-
moved and data are aggregated up to the highest possible aggregation level.
The modified panel only reports characteristics of US funds. Comparing
the ”Original” and ”"Modified” panels in Tables 1 and 2 reveals that only
a minority of funds is excluded as a result of our aggregation and removal
procedures.

Table 3 presents information on the size of the equity holdings in different
classifications. The table shows that large cap investments dominate small
cap equity investments. This dominance is more pronounced for DB pension
funds. Furthermore, Table 3 reveals that pension funds initially have a
stronger preference for passive investments than mutual funds. However,
over time mutual funds shift toward more passively managed investments.
Zooming in on the lowest aggregation level for DB funds, demonstrates
that externally managed equity holdings are on average larger than their

internally managed counterparts.

4 Methodology

This section describes the methodology used in the performance and persis-
tence analysis. First, we present the standard performance measurement
procedure for the three investment options under consideration. Subse-
quently, we provide the persistence methodology by introducing two tests
suggested in Carpenter and Lynch (1999). Finally, we present a panel model
estimation technique, which enables us to risk adjust returns using the well-
known Fama and French (1996) framework. Due to data availability, this

panel approach is conducted on higher aggregation levels only.

12



4.1 Standard Performance Measurement

As explained in the data description, the pension fund database contains
information on fund-specific returns, benchmarks and costs. Net perfor-
mance is measured as net value added (NV'A;;), which is computed as
NVA;; = Riy — BMR;; — C;;, with R;; denoting gross return, BMR; ;
the (fund-specific) benchmark return, and C;; total costs, for fund ¢ at time
t respectively. In order to measure the impact of costs, we also introduce
gross performance (GV A; ), which is measured as GV A;; = R;y — BMR; ;.
DB fund costs include direct investment, oversight, custodial and trustee,
audit and other related costs. DC costs contain these components as well,
but also include recordkeeping, communication and education costs. The
performance measure (NV A;+) used in this study has three important ad-
vantages over performance measures previously used in the pension fund
performance literature. First, by subtraction of a fund-specific benchmark
return, we reduce possible misspecification. The majority of earlier studies
correct by deducting returns of broad benchmark indices (for instance the
S&P 500). Second, costs are fund-specific as well, whereas most previous
studies assumed a common fixed cost component (e.g. 30 basis points for all
funds). Third, costs contain both a direct and indirect component, opposed
to a proxy for direct investment costs only.

Our standard analysis starts at the highest aggregation levels (3 and 4,
see Figure 4), i.e. aggregating over different equity classifications. In the
standard analysis, we compute time-series averages of NVA for each single
fund. Average performance (NV A;ean) is then measured as the average
NVA across funds,

1NT

N mean — AT

’Lt) (1)

i=0 t=0 T

with I; ; being a dummy for fund 7, which has a value of one if the fund does
report to CEM and a value of zero if the fund does not report to CEM in
year t. T; is the total number of years fund ¢ is contained in the database,
T is the maximum number of time periods that a fund can be included in
the database, and N is the total number of funds.

The standard analysis is repeatedly executed for DB, DC and mutual

funds. The procedure for mutual funds is largely the same, but benchmarks
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are treated differently, see section 3.1 for the style matching procedure.
Within each investment category (DB, DC and mutual funds), the analysis
is conducted for separate equity classifications, starting with the complete
sample (aggregation level 4). Thereafter, we analyze aggregation level 3,
i.e. large cap, small cap, actively and passively managed equity investments
respectively. Additionally, we apply our methodology on a lower aggregation
level (see Figure 4). The standard performance analysis as described above
is then conducted on aggregation level 2 for all options and on aggregation
level 1 for DB funds only?. First, we divide pension fund equity investments
into actively and passively managed holdings. Then, these portfolios are
separated into large and small cap equity investments. For DB funds we add

a distinction between externally and internally managed equity investments.

4.2 Persistence Tests

The pension and mutual fund literature has addressed the question of per-
sistence in manager performance in many different ways. Particularly in the
mutual fund literature, a large number of tests has been developed to test
for persistence in manager performance, see for instance Brown and Goet-
zmann (1995) for empirical results. This methodology has been applied to
pension fund performance as well, see for instance Tonks (2005) and Busse,
Goyal, and Wahal (July 2006). Unfortunately, most of these studies suffer
from the lack of data on the individual pension fund level. Instead, they
document the persistence of managed accounts by delegated institutional
asset managers.

Carpenter and Lynch (1999) show that persistence tests can roughly be
divided into two categories: performance-ranked portfolio strategies tests
and contingency table tests. In our persistence analysis, we adopt the
?TDIF”-test out of the first and the chi-squared-test out of the second class.
In the first test, each consecutive year funds are ranked into ten deciles based
on their past year performance. A portfolio is then formed by taking a long
position in the best performing decile and an equally large short position in
the worst performing decile. One year later, the portfolio’s performance is
evaluated. Persistence is then tested with a t-test on the time-series of the

portfolio performance. Since we consider only one ranking and evaluation

2No distinction between externally and internally managed stocks can be made for DC
pension funds and mutual funds.
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period, results do not suffer from look-ahead bias. The chi-squared-test also
ranks funds based on their past year performance. However, funds are split
up into winners and losers. Similar split ups for ranking periods allow us to
construct transition matrices discriminating between the number of persis-
tent winners (WW), losers (LL) and switchers (W L,LW). Under the Hy of

no persistence, the statistic

WWw =2+ (WL -2+ (Lw - §)2+ (LL - &)?
N

with N denoting the sum of funds over the four categories, is chi-squared
distributed with one degree of freedom.

The two persistence tests allow us to detect whether certain (types of)
pension or mutual funds are consistently performing better or worse than

their peers.

4.3 Risk and Style Adjustment

In the standard performance analysis, we compute NVA by subtracting ap-
propriate benchmarks. The resulting net performance could be impacted by
certain other investment decisions by portfolio managers, for instance a high
beta (to the market) position or exposures to certain investment styles (e.g.
to small cap or growth). For example, a fund manager who is supposed to
invest in large cap stocks only, may take a bet on small cap stocks trying
to beat his large cap benchmark. Hence, risk and style adjustments are re-
quired to evaluate true fund performance. The relatively short time horizon
combined with the low frequency of our databases make risk adjustment a
tedious task. Estimating any time series (4-)factor model using up to 13
time series observations is cumbersome and most likely leads to inefficient
estimates. For this reason, we apply a panel model approach which allows
us to adjust standard NVAs for risk.

Random coefficient panel models capture fund-specific characteristics
without estimating a large number of parameters. Hence, this is an effi-
cient way to risk adjust performance in a large N, small T panel. In a
random coefficients model, fund-specific alphas and betas are assumed to be

randomly drawn from a normal distribution. We specify the risk adjustment
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model as:

NV A; s = i +Bni Ry g +8smBi SM Bi+Brnvr,iHM Li+-Bunvip,iUMDi+¢€; 4,

(3)
where Rjs is the excess market return, and SMB, HML and UMD are the
well-known Fama and French-factors®. SMB and HML are included to cap-
ture risk associated with size and book-to-market and UMD detects possible

momentum strategies. We specify «, 3 and e distributions as:

a;  ~ N(ap,02) (4)
Bji  ~N(bj,03) for j=M, SMB, HML, UMD (5)
cir  ~N(0,0). (6)

For simplicity, we furthermore assume independence of the coefficients
o L By Bji L By for kj=MSMB, HML, UMD and j#k. (7)

Risk and style adjusted NVAs are then represented by ag. In addition,
we provide a multi-level panel approach. This provides us with the op-
portunity to study drivers of pension and mutual fund performance. We
include the ratio of internally managed to total equity investments (INT)
and a dummy for public funds (PUB). In the mutual fund analysis, we in-
corporate a turnover estimate (7'0). Hence, the multi-level extension can

be specified as
a; = ag + @it INT; ¢ + apuy DPUB; + 1q (8)
for pension funds, and
a; = ag + a1oTOj 1 + Nai (9)

for mutual funds.

The single level panel model can be considered as a subclass of the multi-
level model. Consequently, we focus on describing the multi-level estimation
techniques. Substitution of equations (8) and (9) into equation (3) shows

that the independence of coefficient assumptions simplifies the estimation

3Factors are obtained from Kenneth French’s web-site.
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to a least squares estimation with time-varying variance. Small modifica-
tions to FGLS-estimation techniques as described in Hsiao (2003) result in
best linear unbiased parameter estimates. In the first stage, we run cross-
sectional OLS regressions to determine coefficient variances for each ¢. In
the second stage we apply GLS, using first stage time-varying variances to

estimate parameters and compute corresponding p-values.

5 Empirical Results

In this section we present empirical results on the performance and per-
sistence of DB pension funds, DC pension funds and mutual funds in the
US. First, we document standard performance differences between the three
investment options, on various aggregation levels (see Figure 4). Next, we
investigate persistence in pension and mutual fund performance. Subse-
quently, we show risk adjusted performance differences by applying the
panel data approach introduced in the previous section. In a multi-level
panel analysis we investigate potential drivers of performance differences
by taking into account fund-specific characteristics. Finally, we discuss the

implications of our empirical results.

5.1 Standard Performance Results

The standard performance measurement analysis is conducted at the two
highest aggregation levels. As indicated in section 4, the NVAs for each
individual fund are first averaged over time. Then we compute the cross-
sectional average of the time-series mean NVAs. Table 4 reports the across-
fund average NVA in the column labeled "Mean”. Furthermore, we display
the cross-sectional standard deviation (”s.d.”) of time series average NVAs
and compute a t-statistic to indicate whether the cross-sectional means differ
significantly from zero?. As a further characterization of the distribution of
NVAs, we report the number of unique fund-time combinations ("NT”),
cross-sectional maxima (”Max”) and minima ("Min”). Once performance
has been measured and characterized, we display additional information

on the funds in the CEM database. The maximum number of consecutive

4This statistic should be treated with caution, as the assumption of normally dis-
tributed time-series means may be violated. Nevertheless, it gives insight in the signifi-
cance of results.
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years a pension fund is present in the database (”Cons. Yrs”) is reported.
Furthermore, the cross-sectional averages of time series average size of the
equity holdings (”Size Eq. hold.”) and total costs (”Costs”) are presented.
The analysis in Table 4 is performed on aggregation level four (”All”) and
three ("LC”, ”SC”, ”Act” and "Pas”) for DB and DC pension funds and
mutual funds.

Table 4 shows that both DB and DC pension funds, and mutual funds
("ME”) are unable to beat their benchmarks after subtraction of costs. First,
we present equally weighted results. The mean NVA of DB funds is not
significantly different from zero, whereas the mean NVA of DC funds is
significantly smaller than zero. For instance, the mean NVA of ”"All” DC
funds is -44 basis points. Consistent with the mutual fund literature, Table
4 shows that mutual funds strongly under-perform their benchmarks after
subtraction of costs®. The mean NVA of ”All” mutual funds is -277 basis
points. The characteristics of the mutual fund database differ strongly from
those of the pension fund database. The mutual fund data set contains more
data points and as a consequence has more extreme outliers ("Min” and
”Max”). Furthermore, we observe that the maximum number of consecutive
years a fund is enclosed in the database, is higher for mutual funds than for
pension funds. A more striking result is the observed difference in the mean
size of the equity holdings of the three fund types. On average, DB funds
(”All”) have equity holdings with an average size of $2.7 bln. The average
size of DC and mutual fund equity portfolios is considerably smaller: $617
and $294 mln. respectively. Possibly, these differences in size are related
to differences in costs. Mutual funds show substantially higher costs than
pension funds. DB, DC and mutual funds (" All”) have total costs of 32, 62
and 119 basis points respectively. To some extent, this difference explains
the difference in net performance. However, Table 4 shows that the cost level
is not the only driver of net performance. GVA performances can roughly be
constructed by adding the total costs to the NVA performance. In virtually
all cases, GVAs would be positive (though not statistically significant) for
DB and DC pension funds. However, for mutual funds GVA is substantially
negative at all aggregation levels.

Results displayed in the panel "MF” refer to the DB pension fund data
period 1992-2004. DC funds report to CEM since 1997. For this reason, we

5Note that exit and entry loads are not included in the calculation.
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additionally conduct the standard analysis on a subsample of mutual funds,
ranging from 1997-2004 ("MF97+"). Subsampling hardly affects our results
and is therefore discarded hereafter®. As a second robustness test, we also
conduct the standard analysis in a value weighted manner. The results of
the value weighted analysis are reported in Table 5. Value weighting funds
does not alter pension fund performance results strongly. Value weighted
mutual fund performance measures show that differences between pension
and mutual funds can partly be explained by discrepancies in size. The
value weighted mean NVA of mutual funds is approximately 100 basis points
higher (-151.91) than the equally weighted mean NVA (-253.02). Hence,
giving more weight to large funds improves mutual fund results considerably.

To control for the impact of size on mutual fund performance, we rank
funds on the size of the equity holdings and split them into ten quantiles.
Table 6 shows results for three different deciles. It reveals that the database
contains many small mutual funds and only a minority of large mutual funds.
For instance, the average size of the equity holdings of Q1 does not exceed
$1 mln. In Q9 equity mutual funds have a size of $350 mIn. Q10 consists
of mutual funds that are comparable in size to the DB pension funds in the
CEM database. Henceforth, we consider Q10 as the size matched mutual
fund sample and conduct all analyses for Q10 additionally. The matched
mutual fund sample (Q10, ”All”) has a mean NVA of -165 basis points that
statistically differs from zero, an average size of $2.1 bln. and a cost level
of 87 basis points. This implies that even difference between pension funds
and Q10 NVA cannot be fully explained by costs. Based on the performance
analysis in Tables 4, 5 and 6, we conclude that DB and DC pension funds
perform better than mutual funds in equity portfolio management, even
after matching for size and correcting for costs.

Table 7 reports performance results for all classifications on the second
aggregation level. The picture emerging from this table is identical to the
picture of Table 4. DB and DC pension funds slightly under-perform bench-
marks, whereas mutual funds under-perform considerably. Interestingly, a
passively managed large cap investment is, in relative terms, most attractive
in all four cases. Table 8 displays results from the lowest aggregation level
by discriminating between internally and externally managed equity port-

folios for DB funds. We find no conclusive answer on the question whether

5Note that GVAs of ”LC” and ”Pas” of mutual funds are slightly positive now.
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outsourcing adds or destroys value for DB pension plans.
[Table 4 about here.]
[Table 5 about here.]
[Table 6 about here.]
[Table 7 about here.]

[Table 8 about here.]

5.2 Persistence Results

The modest NVAs of financial services providers does not necessarily imply
that all funds are unable to beat their benchmarks. Active equity portfolio
management is essentially a zero-sum game in which some providers poten-
tially are persistent winners or losers. The obvious question is whether some
of the DB, DC or mutual funds in our databases are repeated winners or
losers? In the mutual fund literature, many studies have been conducted to
measure persistence, see for instance Grinblatt and Titman (1992) and El-
ton, Gruber, and Blake (1996). Both studies find persistence in mutual fund
manager’s risk adjusted returns even after correction for costs. Especially,
past losers tend to remain losers, the so-called ”icy hands”. The pension
fund literature has studied this topic as well. Tonks (2005) detects evidence
of persistence in manager performance on short horizons. At longer time in-
tervals, the evidence becomes weaker. Busse, Goyal, and Wahal (July 2006)
find persistence in the winner portfolios of delegated managed accounts on
the one year horizon. However, on the individual pension fund level this
question has never been investigated properly due to lack of data.

First, we examine persistence in NVA. We perform the analysis on ag-
gregation level three and four for the DB, DC, MF and Q10 samples. The
analysis comprises two persistence tests described in section 4. Table 9 dis-
plays transition probabilities of winners and losers and p-values of the two
tests. The first row shows transition probabilities of current winners and the
p-value of the chi-squared test proposed by Carpenter and Lynch (1999).
The second row presents transition probabilities of current losers and the

p-value of the ranked portfolio t-test. Table 9 demonstrates that we hardly
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find persistence in the NVAs of pension funds. The only exception can be
found for passively managed DC funds using the portfolio test. One expla-
nation for the absence of persistence may be that we measure persistence
at the total plan level. Fund performance is the sum of individual (exter-
nal) manager performance. Even if manager performance were persistent, it
would nevertheless be difficult for pension funds to select winners among all
managers. The persistence evidence for mutual funds is somewhat mixed.
Portfolio tests deny the presence of persistence for mutual funds. How-
ever, the chi-squared test results report low p-values, especially for actively
managed equity portfolios, indicating persistence in performance. Table 10
documents the results of the GVA persistence tests, which corroborate the
NVA results.

[Table 9 about here.]

[Table 10 about here.]

5.3 Risk and Style Adjusted Results

The panel data model described in section 4 enables us to risk adjust the
yearly returns provided by CEM. NVAs are regressed on the well-known
Fama-French factors: Market, SMB, HML and UMD. We start our single
level panel analysis with the evaluation of risk adjusted NVA performances
of pension funds. Table 11 reports parameter estimates of the single level
panel with corresponding p-values for DB and DC pension funds. The panel
results for DB funds confirm the results in Table 4. After risk adjustment,
DB pension funds still have NVAs (”ag”), which are not statistically differ-
ent from zero. It should however be noted that p-values are around the 10%
level in four out of five cases. DC funds switch from negative to positive,
but statistically insignificant NVAs, when compared to Table 4. Panel re-
sults for mutual funds, see Table 12, largely confirm our standard analysis
results presented in Tables 4 and 6. However, passive and small cap equity
investments by mutual funds have NVAs comparable to pension funds. The
exposure to the risk factors in all cases is negligible in economic terms’.
This can be expected as returns are to a large extent corrected for the risk

by subtracting fund-specific benchmarks.

"Panel results for GVAs increase ao with the appropriate cost level without material
changes in other parameters.
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In the multi-level panel approach we make a final effort to include drivers
that may explain these performance differences. In Tables 13 and 14, we
include economically relevant factors for both pension and mutual funds in
the analysis. Possible drivers for DB pension funds are the ratio of inter-
nal versus total equity investments ("a;,:”) and a dummy for public funds
("apyy”). For DC funds we merely include a dummy for public funds, given
the absence of data on internal management. In the mutual fund panel re-
gressions, we include turnover ("as”) as a possible driver. Results in Table
13 indicate that neither the ratio of internal versus total investments nor
the dummy for public funds can be marked as a clear driver of pension fund
performance. On both the third and fourth aggregation level, these drivers
show parameters that do not significantly differ from zero. As a result of
the insignificance of these factors, results do not vary much from the cor-
responding single level regressions. In addition, mutual fund performance
results are not affected by turnover, as displayed in Table 14 8.

Summarizing, the panel data analysis does not alter the conclusions of
the standard performance analysis. DB and DC pension funds show better
NVAs than (matched) mutual funds.

[Table 11 about here.]
[Table 12 about here.]
[Table 13 about here.]

[Table 14 about here.]

5.4 Discussion of results

Briefly summarized, our empirical results show that net equity returns of DB
and DC funds are similar to benchmark returns. NVAs for pension funds are
generally not different from zero in both the standard and the panel anal-
ysis. In contrast, mutual funds under-perform corresponding benchmarks
significantly: on average 150 - 200 basis points. If we included entry and
exit loads as well, results would be even worse: approximately 250 - 300

basis points per year.

8Multi-level panel results for GVAs increase ao with the appropriate cost level without
material changes in other parameters.
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We can hardly detect any persistence in pension fund equity perfor-
mance. This might either be caused by the yearly return frequency in our
database, or by the fact that equity investments at the total plan level are a
combination of individual mandates delegated to several institutional asset
managers. Persistently picking the right asset manager, by pension fund
managers, appears to be a difficult task. In line with the literature, mutual
funds show slight evidence of persistence. Risk adjusted results in the panel
analysis confirm results in the standard analysis. However, it becomes clear
that passively managed mutual funds can provide the same net returns as
DB and DC pension fund equivalents. Most probably, the limited impact of
costs is an explanation of this result.

How do we interpret these results? Do pension fund managers have more
skill than mutual fund managers in relative terms? Yes, but both are unable
to beat the corresponding benchmarks. Moreover, pension funds hire (and
fire) institutional asset managers who provide mutual funds to individual
investors as well. So, if they are using the same portfolio managers, why
do we find different returns? Is the lower cost level of pension funds an
explanation? Potentially, but it cannot fully explain the difference in re-
turns. Moreover, the multi-level panel analysis shows that other drivers of
the return difference cannot be found.

This brings us to the agency cost argument. It is a plausible, but im-
plicit and non-testable explanation. Agency costs are difficult to quantify.
Unfortunately, we do not have access to measurable proxies for agency costs
for the three investment options under consideration. Nonetheless, the fact
that mutual funds provide services to remote, faceless individuals will most
likely have a large impact on net returns. In contrast to mutual fund in-
vestors, participants of pension funds know that pension fund managers
can exert negotiation power to providers of institutional asset management.
Our results could be an indication that they do a fairly good job, despite

the potential agency issues in the pension fund context.

6 Concluding Comments

Private individuals saving for retirement generally have three investment op-
tions. They can be member of a DB or DC pension plan. Additionally, these

individuals can hold mutual funds, either to upgrade insufficient pension ac-
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cruals or simply because they are not member of a pension plan. As mutual
funds are for-profit and pension funds not-for-profit organizations, we sus-
pect differences in their performance. Given the lack of pension fund data
at the individual pension fund level, sound evidence on this performance
differential is absent in the financial literature.

In this paper, we investigate the comparative performance of US pen-
sion and mutual funds using a unique, and hitherto unused database with
fund-specific pension fund return and cost information, provided by CEM
Benchmarking Inc. Our results can be summarized as follows. First, both
DB and DC pension fund net returns do not differ significantly from their
benchmarks. Second, mutual funds under-perform their benchmarks by
about 150 to 200 basis points per year. The smallest under-performance
(50 basis points) is found for passive mutual funds. Third, there is modest
evidence of persistence in mutual fund returns and none in pension fund
returns. Fourth, the under-performance of mutual funds relative to pension
funds cannot be fully explained by differences in costs, fund size, risk and
investment style. This suggests that other factors, not controlled for in this
study, explain the difference in performance between pension and mutual
funds. One of these factors might be a misalignment of interest between
mutual fund companies and their clients. This remains a subject for future
research.

Overall, our results indicate that both DB and DC pension funds are
able to provide participants with equity portfolios that perform in line with
market indices. In contrast, active mutual funds clearly lag DB and DC
pension funds and their benchmarks. This cannot be fully explained by the

higher fees they charge to private investors.
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Figure 1: DB
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This figure displays the time series evolution of cross-sectional mean NVA in basis points
for DB pension funds in the period 1992-2004.

Figure 2: DC
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This figure displays the time series evolution of cross-sectional mean NVA in basis points
for DC pension funds in the period 1997-2004.

Figure 3: Mutual Funds
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This figure displays the time series evolution of cross-sectional mean NVA in basis points
for mutual funds in the period 1992-2004.
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Table 2: Characteristics Original and Modified DC Database
This table reports the number of funds per year for several DC
pension fund classifications. DC funds are evaluated from 1997
to 2004. The panel ”Original DC” displays characteristics of
the original database. The panel "Modified DC” shows charac-
teristics after data have been aggregated and after outliers have
been removed. Furthermore the second panel displays only re-
sults for US funds. ”Tot” displays the total number of funds in
the sample, ”Cor” the number of corporate funds, "Pub” the
number of public funds and ”Oth” shows the quantity of funds
that have not been classified as either corporate or public, e.g.
universities, churches etc. Further the table lists the number of
US, Canadian or European funds in the original sample each

year.

Original DC

97 98 99 00 °01 ’02 °’03 04
Tot 62 72 65 67 115 108 87 83
Cor 59 66 62 61 92 8 69 65
Pub 3 5 2 5 16 16 17 16
Oth 0 1 1 1 7 7 1 2
Uus 62 72 65 67 8 T2 87 83
Can O 0 0 0 30 36 0 0

Modified DC (US)

Tot 40 48 43 42 71 70 72 80
Cor 39 44 41 39 58 55 57 65
Pub 1 3 1 2 10 12 14 14
Oth 0 1 1 1 3 3 1 1
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Table 8: Summary statistics Specified DB Int-Ext

This table splits DB results on the lowest aggregation level into internally and ex-

ternally managed equity holdings. ”NT” represents the number of unique time-fund

combinations in the series. ”Mean” displays a weighted average across funds time-

series means of net value added (NVA). Weights for funds are time-series averages of

equity holdings. NVA is computed as: R - BMR - C, with R denoting gross returns,

BMR fund-specific benchmark returns and C fund-specific costs. NVA is reported in

basis points. ”s.d.” displays the cross-sectional standard deviation of the time-series

averages of NVA. "Max” and ”Min” are respectively the maximum and minimum

NVA of the series. ”Costs” is the cross-sectional mean of time-series average costs.

All numbers are domestic investments by US institutions.

INT
NT Mean s.d. t-stat  Max Min Costs
Act LC 308.00 -30.23 381.84 -0.69 876.37 -1217.20 39.05
Pas LC 252.00 6.66 170.05 0.28 665.06 -655.55  5.90
Act SC  20.00 59.61 110.85 1.52 253.75 -161.02 66.50
Pas SC  33.00 -2.04 237.31 -0.03 545.27 -637.57  9.12
EXT
NT Mean s.d. t-stat  Max Min Costs
Act LC 1758.00 -26.17 358.02 -1.45 933.80 -895.74 39.05
Pas LC 1232.00 1.49 15855 0.16 52820 -514.80 5.90
Act SC 675.00 -21.35 48491 -0.66 975.80 -1115.05 66.50
Pas SC 214.00 1856 269.56 0.63 708.00 -612.76  9.12
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Table 13: Multi-Level Risk and Style Adjustment Analysis NVA
DB-DC
This table reports multi-level panel performance parameter estimates
with their accompanying p-values, based on funds’ NVA. NVA is com-
puted as R - BMR - C, with R denoting gross return, BMR the fund-
specific benchmark return and C the fund-specific costs. NVA is reported
in basis points and the FF-factor in percentages. Multi-level means that
drivers of net performance are included. ao represents the net perfor-
mance after risk adjustment and correction for possible drivers. For DB
pension funds a ratio of internally managed vs. total investment and
a dummy for public funds are selected as drivers. for DC funds only
the dummy for public funds is included as driver. ain: and ap., are
loadings on the internal ratio and public dummy. bas, bsam B, brmr and
bump are loadings on the corresponding FF-factors. All parameters are
weighted cross-sectional averages, estimated using FGLS. The analysis
is conducted for both DB and DC pension funds. Each pair of rows
displays results for a different stock classifications. ”All” concerns the
complete sample, "LLC” and ”SC” display respectively large and small
cap stock investments. " Act” and ”Pas” describe respectively the active
and passive stocks investments. All estimates are restricted to domestic

stock investments by US institutions.

DB
agp aint  apup  bv bsmB bamri  bumbp
All -66.54 5731 -527 -1.80 5.58 3.30 3.02
0.09 0.24 0.45 0.12 0.01 0.05 0.12
LC -4591 33.16 -9.87 -1.40 3.10 2.97 2.46
0.13 0.30 0.39 0.12 0.04 0.03 0.11
SC 23.22 69.20 1883 -3.35 -1.61 -2.39 -1.47
0.42 0.30 0.40 0.16 0.33 0.29 0.40
Act -66.54 5731 -527 -1.80 5.58 3.30 3.02
0.09 0.24 0.45 0.12 0.01 0.05 0.12
Pas -29.56 22.32 -10.81 0.24 -241 1.30 1.30
0.13 0.31 0.33 0.38 0.03 0.08 0.13

DC

ag Qint  apup  bm bsuB bumr bumbp

All  25.65 - -4.50 -290 -1.36 -2.04 -2.03
0.38 - 0.47 0.10 0.29 0.24 0.32

LC 25.24 - 1.51 -3.02 -0.51 -2.17 -1.93
0.39 - 0.49 0.12 0.43 0.25 0.34

SC 48.80 - 933 -4.36 -4.28 -4.29 -4.47
0.38 - 0.47 0.16 0.18 0.22 0.29

Act 163.62 - -8.95 -8.03 -4.32 -7.66 -10.09
0.16 - 0.47 0.04 0.19 0.10 0.12

Pas 1.12 - -10.64 -0.73 -0.37 -0.60 -0.67

0.47 - 0.18 440.02 0.18 0.10  0.18



Table 14: Multi-Level Risk and Style Adjustment Analysis NVA

MF-Q10
This table reports multi-level panel performance parameter estimates
with their accompanying p-values, based on funds’ NVA. NVA is com-
puted as R - BMR - C, with R denoting gross return, BMR the fund-
specific benchmark return and C the fund-specific costs. NVA is re-
ported in basis points and the FF-factors in percentages. Multi-level
means that turnover is included as a driver of net performance. ag
represents the net performance after risk adjustment and correction for
turnover. at, is the loading on the turnover factor. bas, bsmp, buamrL
and byap are loadings on the corresponding FF-factors. All parameters
are weighted cross-sectional averages, estimated using FGLS. The anal-
ysis is conducted on both the complete mutual fund sample ”MF” and
the matched sample ”Q10”. Each pair of rows displays results for a dif-
ferent stock classifications. ” All” concerns the complete sample, ”LC”
and ”SC” display respectively large and small cap stock investments.
” Act” and "Pas” describe respectively the active and passive stocks in-
vestments. All estimates are restricted to domestic stock investments by

US institutions.

MF
ag Qo by bsmuB  bumL bunp
All  -310.58 -26.73 -8.33 6.14 8.14 5.00
0.04 0.30 0.05 0.19 0.11 0.28
LC -359.96 -14.02 -7.30 13.75 10.57 9.15
0.00 0.43 0.03 0.00 0.01 0.08
SC -109.23 -24.31 -5.45 -19.89 -6.55 -8.39
0.30 0.27 0.20 0.01 0.21 0.22
Act -324.73 -25.26 -8.69 6.44 8.92 5.28
0.03 0.31 0.05 0.19 0.09 0.28
Pas -50.51 852 -5.23 -3.61 -1.04 -1.16
0.17 0.42 0.00 0.04 0.30 0.34
Q10
ap Ao by bsup  bumL bu D
All  -271.17 14.71 -7.12 8.05 7.31 7.69
0.03 0.42 0.05 0.10 0.09 0.13
LC -280.78 -23.18 -5.59 12.82 10.71 10.13
0.01 0.39 0.05 0.00 0.01 0.03
SC -90.88 5256 -4.17 -15.31 -17.41 -1.06
0.28 0.16 0.22 0.02 0.00 0.45
Act -299.08 30.06 -7.83 8181 8.41 8.30
0.03 0.34 0.04 0.09 0.07 0.13
Pas -44.56 48.39 -3.13 -1.82 -1.51 0.27
0.17 0.37 0.01 0.16 0.19 0.45

45



