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Abstract: We investigate the quality of the investment choices that sponsors of 
defined contribution plans offer to plan participants for their retirement 
portfolios. Using a unique database of over 30,000 plans, we calculate the 
performance of equity-oriented investment options that were included in plans 
compared to a sample of funds that were not. On average, plan options produce 
annualised risk-adjusted returns exceeding those of non-plan options by as 
much as 120 basis points, an outcome that is relatively insensitive to factor 
model specifications, time period, or investment style classification. This 
performance advantage is largely due to actively managed plan options; 
privately managed institutional funds do not appear to enjoy any incremental 
performance advantage relative to public mutual funds. We conclude that plan 
sponsors do appear to possess superior selection skills when designing the set 
of investment options offered to plan participants. 
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1 Introduction and summary 

A notable trend in the management of retirement assets over the past two decades is the 
rapid ascent of defined contribution plans as a primary method by which retirement 
portfolio savings are accumulated. Given their popularity, it is not surprising that these 
investment vehicles – which include 401(k), 403(b), and 457 plans – have begun to 
receive considerable scrutiny from researchers. To date, the vast majority of this literature 
has been concerned with the way that plan participants choose their funds as well as with 
the subsequent investment performance of those funds. Several stylised facts summarise 
these findings. First, investors are typically either under- or over-allocated toward equity 
in their asset allocation decision and tend to trade or rebalance their portfolios on an 
infrequent basis (Agnew et al., 2003). Second, defined contribution participants also tend 
to invest too heavily in the stock of the company sponsoring the plan, which Huberman 
(2001) calls the “familiarity breeds investment” effect; see also Poterba (2003) and 
Brown et al. (2006). Finally, Huberman and Jiang (2006) document that plan participants 
tend to allocate their contributions evenly across the funds they select – the so-called 
‘1/N’ strategy – a portfolio formation decision that can be justified on a both an analytical 
(DeMiguel et al., 2009) and behavioural (Benartzi and Thaler, 2001) basis. 

By contrast, far less is known about the motivations and decision-making abilities of 
the institutions that sponsor defined contribution plans. This is somewhat puzzling given 
Elton et al.’s (2006) observation that the participant portfolio choices are themselves a 
function of the fund choices offered by the plan sponsors. Thus, if the options made 
available to participants are either insufficient or otherwise lacking, it may be impossible 
for them to allocate their assets in an optimal manner. Indeed, in their study focusing on 
the 401(k) market, those authors concluded that just over half of the plans they examined 
offered an adequate set of mutual fund choices, which they defined as one capable of 
spanning the space delineated by eight asset- and style-class indexes. 

Further, although the existing evidence is quite limited, it is not clear that the choices 
that 401(k) sponsors do offer to investors are superior to those that they do not. Elton et 
al. (2007) looked at the risk-adjusted performance of the publicly traded mutual funds 
selected by a small sample (i.e., 43) of plan sponsors over the period from 1994 to 1999 
and provided mixed evidence regarding how these plan options fared relative to a set of 
passively and actively managed alternatives. Specifically, they found that the funds 
offered to plan participants outperformed a randomly selected set of style-matched funds, 
but produced negative alphas relative to the passive benchmark portfolios.1 On the other 
hand, in a related study from the defined benefit plan literature, Goyal and Wahal (2008) 
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demonstrated that the decisions made by plan sponsors when hiring or firing active 
portfolio managers did not subsequently lead to superior performance. Further, Cohen 
and Schmidt (2009) have suggested that mutual fund companies appear to overweight the 
stock of plan sponsor companies in their family of portfolios in order to attract potential 
defined contribution business, a policy that could erode the overall performance to their 
non-plan investors. 

Although the preceding findings are suggestive, they offer an incomplete picture of 
the design and investment performance of the menu of investment choices offered to 
participants in a defined contribution plan. In particular, a substantial amount of assets in 
these plans are not invested in publicly traded mutual funds. For instance, the Investment 
Company Institute (2011) reported that in 2010 only 56.0% of plan assets were held in 
mutual funds, with the majority of what remained invested in privately managed 
institutional portfolios or the sponsoring company’s own stock. Thus, it is difficult to 
judge the quality of the retirement portfolio choices the sponsors provide to participants 
without examining the performance of these privately managed alternatives. 
Additionally, given the legal mandate that sponsors face to provide a diversified 
collection of alternatives to participants in the plans, it is likely that both the selection and 
composition of the active and passive management options differs from that found in a 
less restrictive investment environment. 

In this paper, we extend the literature on the role played by the plan sponsor in the 
investment performance of a defined contribution plan in a number of ways. Our 
investigation is based on a unique dataset maintained by the largest plan administrator in 
the industry and consists of the investment options offered by more than 27,000 sponsors 
of over 30,000 plans during the period from January 2000 to June 2007. These 
investment options are delineated along several lines (e.g., equity investment style, 
passive vs. active management, private vs. public fund) that permit a number of new 
questions to be addressed. To facilitate this analysis, we also develop a sample of 
otherwise comparable investment vehicles that sponsors chose not to select as plan 
options. The investment returns generated by these non-plan options serve as an indirect 
assessment of the opportunity cost of the sponsors’ selection skills inasmuch as they 
proxy for the next-best collection of investment choices that could have been offered to 
plan participants. Thus, our methodological design allows us to assess the ability of plan 
sponsors to create a superior menu of plan options from which the participants’ 
retirement portfolio decisions are made. 

Focusing on the equity-oriented funds that were either included or not included in a 
defined contribution plan, we develop and test four different hypotheses regarding  
the selection skills of plan sponsors. First, we posit that the investment options that 
sponsors offer to plan participants produce superior risk-adjusted returns relative to those 
options that are not selected for the plan. Second, we consider the possibility that it is  
the set of actively managed (i.e., non-index fund) options that determine any measurable 
performance differential between plan and non-plan options. Third, we argue that 
passively managed plan options may outperform passively managed non-plan  
options. Finally, within the set of actively managed plan options, we examine whether 
funds managed in private accounts outperform public mutual funds on a risk-adjusted 
basis. 

To control for the possibility of model and time period misspecification, we calculate 
risk-adjusted performance statistics (i.e., alphas) for our plan and non-plan investment 
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option samples using three different variations of a multi-factor risk model and over three 
different sub-periods of the entire 90-month sample period. Our primary finding is that, 
on average, plan options significantly outperform non-plan options after controlling for 
risk and expenses. The mean alpha differential over the entire sample period was about 
10 basis points per month, which compounds to more than 120 basis points per annum, 
net of fees. Based on substantial analysis designed to test the robustness of this result 
with respect to how alphas are measured and aggregated both within an annual cross 
section as well as over time, we find that the outcome holds, to slightly different degrees, 
across all equity style classes and sub-intervals of the overall sample period. 

Further, we demonstrate that the set of actively managed investment funds is almost 
exclusively responsible for this performance differential; the separation between active 
plan and non-plan alphas was especially strong (i.e., about 20 basis points per month) 
during the weak equity market of 2000–2002. However, non-plan index funds produce 
slightly larger alphas than passively managed plan funds, particularly in the earliest 
sample sub-period. Finally, among the collection of actively managed products offered 
within the plan sample, there appears to be little difference in risk-adjusted performance 
between privately and publicly managed options when the funds are pooled on an equally 
weighted basis. However, when these alpha measures are calculated on a participant-
weighted basis, the preponderance of the evidence points to a slight tendency for public 
mutual funds to produce superior returns relative to private institutional accounts. This is 
a surprising outcome given the a priori advantages that private account managers appear 
to enjoy in terms of lower expenses and more predictable cash flows. Overall, on the 
basis of the strength and consistency of these findings, we conclude that the sponsors of 
defined contribution plans possess legitimate selection skills that allow them to 
discriminate between potential portfolio options in a meaningful way. 

The remainder of the paper is arranged as follows. In the next section, we discuss 
how a typical defined contribution plan is organised. In Section 3, we describe the data 
we use in the empirical analysis, while in the fourth and fifth sections we develop and test 
the hypotheses regarding plan sponsor behaviour. Section 6 provides a more detailed 
analysis of the cross-sectional differences in the actively managed portion of the plan 
option sample and Section 7 concludes the study. 

2 Defined contribution plan organisation and the plan sponsor’s decision 

As provided for by the United States Congress in the Employee Retirement Income 
Security Act (ERISA) of 1974 and subsequent amendments (e.g., the Tax Reform Act of 
1978, Pension Protection Act of 2006), defined contribution retirement plans represent 
multi-faceted arrangements between at least four economic agents: the plan participant, 
the plan sponsor, the plan administrator/service provider, and the plan investment 
managers. In a typical plan, a portion of an employee’s (i.e., the plan participant) salary is 
deducted on a pre-tax basis by the employer (i.e., the plan sponsor) and earmarked for 
investment in the plan portfolio. Depending on the specific nature of the plan, these 
deductions are usually made on a voluntary basis by the participant and may be matched 
by additional contributions from the sponsor. These funds are then turned over to a  
third-party (i.e., the plan administrator/service provider), who provides an array of 
services to both the participant and the sponsor. The most important of these services are 
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1 the investment of the earmarked funds in a pre-selected set of alternative investment 
vehicles (i.e., the plan investment managers) 

2 the administration (e.g., record-keeping, statement creation, check processing) of the 
plan for the sponsor on behalf of the participant 

3 assisting the sponsor in providing financial information and investment guidance to 
the participant.2 

A critical aspect of this network of relationships is that the plan participant is ultimately 
responsible for deciding how the plan assets are to be invested among the available 
investment alternatives. In fact, shifting the risk of the portfolio investment outcome to 
the participant is perhaps the main reason why the defined contribution form of 
retirement investing has become popular among plan sponsors. Still, as the party 
responsible for selecting the menu of investment options available to plan participants, 
the plan sponsor is a fiduciary under the plan. In order to limit the plan sponsor’s 
fiduciary responsibility to just this selection of investment options – and not to the 
participant’s ultimate investment among them – ERISA Section 404(c), as interpreted by 
regulations issued by the Department of Labor, generally requires the sponsor to diversify 
the set of plan choices by offering “…a participant or beneficiary an opportunity to 
choose, from a broad range of investment alternatives, the manner in which some or all of 
the assets in his account are invested (p. 490).” Over time, this requirement has come to 
be interpreted as an obligation to provide at least three investment choices that are 

1 diversified and have materially different risk-return characteristics, 

2 allow the participant to create an appropriate range of risk-return outcomes when 
used in combination with one another to form a retirement savings portfolio. 

In practice, this interpretation suggests that equities, fixed-income, and cash equivalents 
be the three asset classes included in the minimum set of alternatives.3 

Designing a defined contribution plan that simultaneously satisfies the fiduciary 
obligations of the sponsor while meeting the needs of the participants and controlling 
expenses is obviously a challenging task. For this reason, sponsors quite frequently 
engage an outside administrator/service provider to assist with this process, along with 
consultants that have no direct control over the management or administration of the 
assets. Drawn from a wide spectrum of the investment management industry (e.g., 
Fidelity Employer Services Company, Vanguard, TIAA-CREF, AIG-Valic, Charles 
Schwab, ING), these service providers are typically better equipped to assist the sponsor 
in creating a menu of investment alternatives that will address the range of financial 
situations faced by participants in the plan. Depending on the scope of the service 
provider’s operations, the portfolios defining these investment choices can be managed 
by the internal staff of an affiliated division, by external managers and sub-advisors, or 
by some combination of the two. While the gamut of design features that fall within the 
plan administrator’s influence is subject to negotiation with the sponsor, it often includes 
the number of plan investment choices, the asset classes covered by the choices, the 
specific investment vehicles representing the designated asset classes, and whether those 
investment vehicles are available from public (i.e., mutual fund) or private account 
managers. Thus, one of the principal criteria a plan sponsor will use to judge the 
performance of a service provider is the investment performance of any plan investment 
options that are managed by the service provider or its affiliates. 
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Table 1 Summary of defined contribution plan characteristics 
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Table 1 Summary of defined contribution plan characteristics (continued) 
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3 Data description 

3.1 Plan administrator data sample 

Our primary source of information used in this study comes from the proprietary database 
of the largest workplace pension plan administrator and service provider in the world. 
The data consist of the relevant characteristics describing all of the defined contribution 
plans for which the company served as record-keeper for the period from January 2000 to 
June 2007. In particular, for each plan we obtained the following records at various points 
during the overall sample period: 

1 the number of participants involved 

2 the total assets under management 

3 the total number, identities, and investment attributes (e.g., public vs. private fund, 
equity vs. fixed-income) of the investment options held by participants 

4 monthly net-of-fee returns to all of the available investment options. 

Table 1 summarises several of the salient characteristics of this defined contribution plan 
sample. In Panel A, we list year-end statistics regarding the number of sponsors, plans, 
participants, and assets under management in the sample, as well as the distribution of 
available plan options offered by the sponsors. By any measure, the collection is a large 
one, comprising over 27,000 plan sponsors, over 30,000 plans, 12.5 million participants, 
and total assets of almost $900 billion. More important for the present analysis is the fact 
that sponsors appear to offer plan participants a sizeable number of investment options. 
Across the entire sample, there were 635,215 total options (i.e., the sum of the number of 
investment alternatives across all plans) at the last reporting date, which corresponds to 
an average of 23.22 options per plan. Notice also that the mean number of options per 
plan increased steadily during the sample period from a starting point of fewer than 15 
products.4 Finally, the reported ranges of the minimum (one) and maximum (696) 
number of investment options that were actually held by participants within a plan 
suggest that there is a considerable degree of heterogeneity within the sample.5 

Panel B of Table 1 provides a more detailed breakdown on the nature of the plan 
options that sponsors offer. Percentage allocation statistics are listed for three main 
divisions of the plan option sample according to 

1 asset classes 

2 whether the plan option was managed privately in an institutional account or in a 
public mutual fund 

3 whether the plan option followed a passive or active investment mandate.6 

Further, these allocation percentages are tabulated by 

1 the number of plan options available 

2 the percentage of plan participants selecting that option type 

3 the percentage of total plan assets held in that option type. 
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For instance, 58.93% of plan options in the sample are US Domestic equity funds, which 
represented 65.82% of the investment positions held by the average plan participant and 
65.19% of the total assets invested across the plan sample. There are three things of 
particular note about these statistics. First, US Domestic equity represents the dominant 
asset class, easily exceeding the combined allocations to the other alternatives. Second, 
publicly managed funds outnumber privately managed options by a ratio of about two to 
one (e.g., 57.17% to 27.84%). Finally, the vast majority of plan assets are actively 
managed, but a larger proportion of privately managed funds are passively invested. 

3.2 Defining the plan investment option sample 

For the purpose of analysing the comparative performance of plan and non-plan 
investment options, the most vital pieces of information contained in our database are the 
identity of the fund choices offered to plan participants, as well as the performance of 
those options over time. While we have monthly returns for all funds, the composition of 
each plan was available less frequently: namely, at the beginning of January 2000; July 
2002; January 2005; and July 2007. This pattern of observations leads naturally to 
dividing the full 90-month sample period (i.e., January 2000 to June 2007) into three  
non-overlapping 30-month sub-periods: 

1 January 2000 to June 2002 

2 July 2002 to December 2004 

3 January 2005 to June 2007. 

Accordingly, we created three distinct plan option samples to coincide with each of the 
30-month sub-periods. Notice that for any of the sub-periods, we are able to identify 
which plan options were available both at the beginning and at the end of the investment 
horizon (e.g., for the January 2000 to June 2002 period, we know the funds offered to 
plan participants on 1 January 2000 and 30 June 2002). Thus, it is possible to establish 
each plan option sub-sample using either the beginning-of-period or end-of-period 
collection of funds. While each approach has its advantages, we adopted the more 
conservative beginning-of-period method in order to avoid any look-ahead bias problems 
that could occur as a result of plan options being dropped during a given sample period. 
(We have duplicated the results of the entire study using the alternative end-of-period 
approach, which had virtually no impact on the findings we report in subsequent 
sections.) 

3.3 Defining the non-plan investment option sample 

In order to compare the quality of the plan option decisions made by our sponsor sample, 
we also constructed a collection of non-plan options. At the beginning of each  
sub-period, we constructed a representative set of investment alternatives that sponsors 
could have included in their plans, but chose not to. Since we did not have access to 
information concerning all of the private management options that sponsors may have 
considered before rejecting them, our non-plan option sample consists exclusively of 
publicly available mutual funds that were not included in any of the defined contribution 
plans for which our plan administrator served as a fiduciary during the sample period. 
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Further, to help manage the scope of the analysis, we only considered mutual funds with 
a US equity-oriented objective. 

Specifically, on each selection date, we screened the entire mutual fund database 
maintained by Morningstar, Inc. for all US domestic equity funds that were available for 
purchase by retail customers. To insure that each potential non-plan fund truly followed 
an equity investment mandate, we imposed the additional inclusion criteria that it 
produced a coefficient of determination of at least 75% when its returns were evaluated 
by the risk factor model described in the next section. Only those funds that did not 
appear on the beginning-of-period plan option list for a given performance measurement 
horizon were included in the final non-plan option sample.7 Morningstar also provided 
monthly net-of-fee returns for these funds, along with various other data concerning the 
funds’ relevant characteristics (e.g., investment objective, style class). 

4 The quality of plan option selections: testable hypotheses and 
methodology 

4.1 Testable hypotheses 

The underlying motivation for this study is to investigate whether the investment choices 
that sponsors select are superior to those that they do not. The literature provides some 
evidence on both sides of the question of whether fiduciaries in the institutional 
environment do possess meaningful manager selection skills. On one hand, Parwada and 
Faff (2005) studied investment management mandates in the defined benefit pension 
market and found that those mandates were substantially more likely to be awarded to 
managers exhibiting superior past performance relative to their peers. Thus, given the 
tendency for asset manager performance to persist in the mutual fund industry (e.g., 
Brown and Goetzmann, 1995), it is reasonable to expect that the options provided to plan 
participants might represent a superior set of investment choices. On the other hand, 
Goyal and Wahal (2008) showed that defined benefit plan sponsors who follow a ‘return 
chasing’ strategy of hiring (terminating) investment managers following periods of 
abnormally good (poor) performance do not deliver superior excess returns subsequently. 
Additionally, Carhart (1997) showed that apparent persistence in mutual fund 
performance is likely to be an artefact of a misspecified model of return expectations. 
This debate frames the following testable hypothesis: 

Hypothesis 1 The investment options that defined contribution plan sponsors offer to 
participants produce superior risk-adjusted returns relative to otherwise 
comparable options that are not selected for the plan. 

Defined contribution plan sponsors offer participants options that are managed on both a 
passive (i.e., indexed) and active basis. While we do not address the ‘passive vs. active’ 
management debate directly, it is relevant to consider whether the actively managed 
options offered in a plan have superior investment characteristics relative to those active 
funds the sponsor did not select. Since there is substantial evidence that active fund 
managers exhibit genuine proficiency in security selection (e.g., Chen et al., 2000; Baker 
et al., 2010), the question becomes whether plan sponsors are able to identify and select 
those skilful managers (and avoid those that are not) when creating the menu of plan 
options. Similarly, although both the nature of the investment problem and the tighter fee 
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structures make it less likely that indexed products will exhibit significant differences 
from one another (e.g., Guedj and Huang, 2009), it is still interesting to consider whether 
passively managed plan options outperform comparable non-plan ones. Thus, two 
additional hypotheses that we test are: 

Hypothesis 2 The actively managed investment options that plan sponsors offer to 
participants produce superior risk-adjusted returns relative to otherwise 
comparable actively managed options that are not selected for the plan. 

Hypothesis 3 The passively managed investment options that plan sponsors offer to 
participants produce superior risk-adjusted returns relative to otherwise 
comparable passively managed options that are not selected for the plan.  

Finally, there are several a priori reasons to expect that there might be differences in the 
returns generated by privately managed plan options and public funds operating in 
otherwise identical investment environments. For example, the Pension and Welfare 
Benefits Administration (1998) notes that private managers typically charge measurably 
lower fees (e.g., a difference of 50 basis points per annum), owing largely to the lower 
account servicing expenses they incur by managing the assets of a single client rather the 
voluminous number of commingled accounts that describe the typical public mutual fund. 
Further, it is also likely that managers of privately negotiated accounts will have more 
predictable fund inflows from participant salary contributions, which in turn could lead to 
lower liquidity costs (i.e., ‘cash drag’) in the on-going management of the invested 
capital. Finally, it is possible that private managers face a markedly different set of 
investment restrictions than those imposed on managers in the public fund market and 
that these differences could affect investment performance (e.g., Almazan et al., 2004). 
The net effect of these discrepancies leads to the following prediction: 

Hypothesis 4 The privately managed investment options that plan sponsors offer to 
participants produce superior risk-adjusted returns relative to otherwise 
comparable publicly managed options. 

4.2 Measuring abnormal investment performance 

To compare the relative investment performance for our samples of plan and non-plan 
options, we estimate several versions of the following four-factor risk model adapted 
from Fama and French (1993) and Carhart (1997): 

( ) ( )1 2 3 4     jt t j j mt t j t j t j t jtR RF b R RF b SMB b HML b MOMα ε− = + − + + + +  (1) 

where, for each month t, (Rjt – RFt) and (Rmt – RFt) are the excess returns to the jth 
investment option and the market portfolio, respectively; SMB is the difference in returns 
between portfolios of small and large capitalisation firms; HML is the difference in 
returns between portfolios of stocks with the highest and lowest book-to-market ratios; 
and MOM is the difference between the returns to portfolios of stocks with the largest and 
smallest returns during the previous 11 months [see Jegadeesh and Titman (1993) for the 
motivation for including price momentum effects].8 Specifically, within a given time 
horizon, we estimate three different α (i.e., alpha) coefficients for each plan and non-plan 
investment alternative using: 
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1 a one-factor version of equation (1) with (Rmt – RFt) as the independent variable 

2 a three-factor version with (Rmt – RFt), SMB, and HML 

3 the full four-factor version. 

Given our sample formation process, we calculated risk-adjusted performance statistics 
over the January 2000 to June 2002, July 2002 to December 2004, and January 2005 to 
June 2007 sub-periods. We also examine behaviour over the complete January 2000 to 
June 2007 period by combining the respective risk-adjusted performance measures from 
the three sub-periods into a single comprehensive sample. 

We imposed two additional conditions on the empirical analysis. First, we only 
calculated alphas for those plan options that followed a US domestic equity mandate. 
Thus, we do not address in the study the quality of the fixed-income or cash-equivalent 
options that plan sponsors chose. Second, in order to generate equivalent sample sizes for 
each of the three forms of the risk factor model used to calculate alphas, the R2 inclusion 
rule described earlier for building the non-plan option comparison sample was based on 
the three-factor version only.9 

5 The quality of plan option selections: empirical results 

5.1 Full sample results 

In assessing the quality of the plan options that sponsors offer to their defined 
contribution plan participants, there are two questions that need to be addressed. First, 
does the total set of potential plan options from which sponsors make their ultimate menu 
selections produce returns that meet or exceed expectations? Second, do the funds that 
sponsors actually include in their plans outperform funds that were not selected? While 
answering the second question is the primary focus of this investigation, it is also useful 
to consider whether plan participants are being well served on an absolute basis as well as 
a relative one, after allowing for plan fees. 

5.1.1 In-sample alpha difference tests 

The first two panels of Table 2 list 

1 the mean alpha 

2 the median alpha 

3 the percentage of positive alphas within the respective sample stratification. 

Alphas are tabulated separately for each form of the factor model discussed above and 
differences in the performance statistics between plan and non-plan options, as well as p-
values indicating the statistical significance of those differentials, are also reported.10 
(Notice in this display that we refer to these performance statistics as ‘in-sample’ alphas, 
which highlights the fact they are measured over the same time period used to estimate 
the risk parameters themselves.) Panel A analyses sponsor selection skill over the full  
90-month sample period while Panel B provides a breakdown of performance during 
each 30-month sub-period. 
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Table 2 Risk-adjusted performance of plan and non-plan investment options: full sample 
results 
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The mean alpha statistics for the total sample of potential plan options shown in  
Panel A suggest that factor model selection does appear to matter. There is a sizeable gap 
between the average monthly alphas from the one-factor market model (i.e., –2.75 basis 
points) and the three- and four-factors versions of the Fama-French model (i.e., –11.32 
and –10.91 basis points, respectively). Comparable gaps exist for the other two alpha 
summary statistics, suggesting that the one-factor risk model may be setting return 
expectations too low relative to the true level of risk that exists within the set of equity 
funds from which plan sponsors could choose. Regardless of the model specification, 
however, both the mean and median alpha statistics are negative and the proportion of 
potential plans producing a positive alpha never exceeds 40%. This implies that the 
overall set of potential plan options generated returns that fell short of expectations, but it 
is interesting to note that the level of annualised shortfall is within the range of the funds’ 
expense ratios. Further, these findings are also consistent with the percentage of all retail 
mutual funds that are capable of producing positive alphas relative to a multi-factor risk 
model (see, for instance, Harlow and Brown, 2006). 

Of course, the more relevant issue involves examining the difference in the alphas 
generated by the set of alternatives that sponsors chose compared to those they did not. 
On this matter, the evidence in Panel A appears to be quite persuasive. For each factor 
model, plan sponsors consistently selected funds that produced, on average, the largest 
risk-adjusted returns. For example, using the three-factor model to describe return 
expectations, the mean monthly in-sample alpha for the set of actual plan options was 
9.61 basis points higher than that for the non-plan sample, which translates into a 
compounded annual advantage of 1.22%. This outcome was confirmed by the four-factor 
model that accounts for return momentum effects and, to a modestly reduced extent, by 
the median alpha differential statistics. Additionally, the significant difference in the (% 
Pos.) measure (e.g., 44.36% vs. 34.78% for the three-factor model) indicates that this 
mean alpha advantage is not being driven by a few outliers. Consequently, these data 
represent an initial indication that plan sponsors may possess selection skills in 
discriminating among the best set of available investment options. 

The sub-period breakdown shown in Panel B of Table 2 produces a similar picture. In 
all three 30-month intervals, the plan option sample outperforms the non-plan sample on 
a risk-adjusted basis irrespective of which metric is used. This performance advantage is 
particularly strong during the general equity market decline that occurred in the first  
sub-interval (i.e., January 2000 to June 2002), which suggests that plan sponsors may be 
especially good at selecting funds that control downside risk on a relative basis. This 
notion is corroborated by the fact that more than three out five of the plan options during 
this period beat expectations [i.e., (% Pos.) coefficients ranging from 59.72% to 65.39%], 
whereas no more than about 50% of the non-plan funds were able to do the same. The 
mean and median alpha differentials were significantly positive in the other sub-periods 
as well, so it also appears that sponsors were capable of selecting funds that outperformed 
in rising markets. Collectively, these findings provide considerable support for our first 
hypothesis. 

5.1.2 Alternative aggregation and out-of-sample alpha tests 

The analysis so far strongly suggests the relative outperformance of the plan option 
sample, but it is possible that the experimental design influenced that outcome for two 
reasons:  
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1 our method of aggregating alpha statistics across the entire sample period is but one 
of several techniques that could have been employed 

2 these risk-adjusted performance statistics were estimated simultaneously with the 
factor model on which they were based. 

As a robustness test, we implemented an alternative methodological approach designed to 
produce out-of-sample estimates of abnormal performance and then aggregate the cross 
section of those statistics in a different manner using a modified form of the  
Fama-MacBeth (1973) two-stage approach: 

1 For each plan and non-plan option j, we estimated the set of factor loadings {bjkt} for 
(1) as of month t using the most recent 30 months of return data (e.g., in June 2002, 
parameters were estimated using data from January 2000 to June 2002). 

2 These estimated loadings were used in conjunction with the actual factor returns in 
month t + 1 to create an estimate for the expected return to the jth option in month  
t + 1 [i.e., E(Rjt+1)]. 

3 The out-of-sample estimate of abnormal performance for option j in month t + 1 was 
then calculated as ( )1 1 1  .jt jt jtR E Rα + + += −  

4 The first three steps were repeated for each month between July 2002 (i.e., the  
first month for which jα  can be estimated) and June 2007 by rolling the 30-month 
estimation window forward one month at a time. For each available plan and non-
plan option, this procedure created as many as 60 separate monthly jα  forecasts, 
depending on data availability. 

5 For both the plan and non-plan option samples, separate month T forecasts of the 
aggregate abnormal performance – call them PTα  and NPTα  – were created as 
equally weighted portfolios of the available options in each respective sample. The 
month T difference between the aggregated out-of-sample alpha forecasts in the plan 
and non-plan samples (i.e., [ ])PT NPTα α− was computed for each of the 60 months 
between July 2002 to June 2007. 

6 We then tested for the statistical significance of the mean, median, and proportion of 
positive values in the set of 60 monthly values for [ ].PT NPTα α− 11 

Panel C of Table 2 summarises the one-, three- and four-factor model results.  
These aggregated findings corroborate the conclusion that the investment options chosen 
by plan sponsors produce superior net-of-expense, risk-adjusted returns. The overall 
mean of the 60 cross-sectional values of [ ]PT NPTα α−  ranged from 6.40 basis points per 
month (for the three-factor model) to 6.53 basis points (for the one-factor model),  
with all three average out-of-sample alpha differential estimates being highly statistically 
reliable. Additionally, the median values of these alpha differential distributions tell a 
similar, if somewhat attenuated, story in terms of both the directional effect and 
significance. 

Perhaps an even more telling indication of the performance advantage enjoyed by the 
plan option sample over the non-plan option sample is the percentage of the 60 
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aggregated alpha differentials that were positive: the portfolio of investment options 
chosen by plan sponsors produced a larger alpha value than the comparable non-plan 
alpha in roughly seven out of ten cases. Further, the reported p-values indicate that  
each of these (% Pos.) alpha differential statistics exceeds its null hypothesis level of 
50% by a reliable margin. Thus, the findings in Panel C make it unlikely that the earlier 
results are spurious due to how risk-adjusted performance was calculated or aggregated 
over time. 

5.2 Factor-matching tests 

The difference tests reported in Table 2 implicitly assume that the plan and non-plan 
option samples load on the various risk factor models in the same way. To guard  
against the possibility that this assumption is contaminating the results, we performed 
two additional robustness tests comparing the performance of the two samples using a 
more precise method of matching investment options by their factor exposures.  
First, we sort all of the plan options (1,488 observations) and non-plan options  
(9,048 observations) into risk factor ‘bins’ and assess the relative performance of each 
subgroup. In the second test, we match each plan option with a specific non-plan  
‘nearest neighbour’ according the similarity of their respective factor exposures and then 
calculate the risk-adjusted return differentials of those matched pairs. Each of these 
robustness tests was conducted using the in-sample performance statistics described 
earlier. 

5.2.1 Factor bin sorts 

We placed every investment option in each sample division into one of 16 distinct  
factor-matched bins according to whether its beta exposures from the four-factor version 
of (1) fell above or below the median value for the entire sample. For example, an option 
included in a plan having an above-median (Rm – RF) beta, below-median SMB beta, 
below-median HML beta, and above-median MOM beta would be placed in the [High  
(Rm – RF), Low SMB, Low HML, High MOM] factor-matched bin within the plan option 
sample.12 After filling each bin in this manner, we then calculated the bin-specific  
mean alpha, median alpha, and (% Pos. Alpha) performance statistics, as well as the 
differences in those respective values between the plan and non-plan samples. For the 
purpose of this sorting procedure, factor betas were measured over the entire 90-month 
sample period. 

Panel A of Table 3 lists the frequencies and risk-adjusted performance differentials 
for each of the 16 factor-match bins. Notice that the plan and non-plan options  
appear to sort in a roughly similar manner. Using the total sample ratio of 16.59%  
(i.e., 1,488 ÷ 9,048) as the expected frequency of plan options to non-plan options that 
occur in each bin, the chi-square statistic testing for bin uniformity is 11.22, which has an 
associated p-value of only 0.7369. Still, the bin frequency range of 10.57% to 23.86% 
indicates some amount of dispersion in how the extreme observations in these  
samples are divided. For the four bins with the largest relative concentrations of plan 
options, three have low SMB exposures, three have low HML exposures, and three  
have high MOM exposures. However, the broad nature of the sorting routine we  
employ makes it impossible to infer if this was an intentional part of the sponsors’ 
selection process. 
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Table 3 Factor-matched performance comparison of plan and non-plan investment options 
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Table 3 Factor-matched performance comparison of plan and non-plan investment options 
(continued) 
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Whether using the mean or median, the alpha difference statistics show a remarkable 
degree of consistency across the 16 factor-matched bins. All but one of the bin-specific 
differentials for both performance measures are positive, and they are statistically 
significant at the 5% level in nine (mean alpha) and 13 (median alpha) cases, 
respectively. (The mean alpha differential in the [High, High, High, Low] bin is 
insignificantly negative.) Further, notice that the respective sample-wide weighted 
averages for these statistics match or exceed the 8.0 - 9.5 basis point values reported in 
Table 2. Additionally, the next-to-last column on Table 3, Panel A shows that the plan 
option sample produced a higher percentage of positive alphas in 13 of the 16 bins. Taken 
together, these factor-matched findings once again provide strong confirmation regarding 
the investment superiority of the plan option sample and allow us to state more 
confidently that the selection skills demonstrated by plan sponsors are not driven by a 
limited number of factor-related investment strategies. 

5.2.2 Matched-pair analysis 

A different way of performing this factor-matching comparison is to pair each plan 
option with its single most comparable alternative in the non-plan sample, where these 
‘nearest neighbours’ are defined by the proximity of their respective risk exposures. An 
advantage of this refinement is that it offers a better measure of the potential opportunity 
cost imposed on the plan participant by the sponsor’s selection process (i.e., the return 
produced by a non-plan option with similar risk characteristics). Accordingly, we focus 
on the risk-adjusted return differentials produced across the entire matched pair sample. 

To accomplish this, we matched all plan options in the sample with a specific non-
plan option as follows. Starting with a randomly selected plan option, we searched the 
non-plan option sample for the fund that minimised the sum of the absolute values of the 
differences in the factor loadings computed by (1), or: 

( )
4

, , -
1

min    -   i plan i non plan
i

b b
=
∑  (2) 

Repeating this process for all 1,488 plan options – which entailed approximately  
13.5 million (i.e., 1,488 × 9,048) comparisons – yielded the final collection of factor-
matched pairs.13 For each pairing, a risk-adjusted return differential was then computed 
by subtracting the estimated in-sample alpha for the non-plan neighbour from its 
counterpart in the plan option sample. 

Panel B of Table 3 reports the mean value of these matched-pair return differentials, 
the percentage of positive differences (i.e., αj.plan > αj,non-plan neighbour), and various values 
defining the frequency distribution. Separate findings are shown for the entire sample 
period and each of the three sub-periods. Both the mean and median alpha differentials 
are positive in all of the various time horizons (e.g., 7.26 and 2.35 basis points per month, 
respectively, for the January 2000 to June 2002 sub-period). While these reported alpha 
differential values are somewhat reduced relative to when the plan option sample was 
compared to the entire non-option sample, this more severe way of controlling for risk 
still produces statistically and economically significant levels of outperformance. 

Further, the fact that the mean alpha differential exceeds the median value in each 
period implies that the matched-pair return distribution is positively skewed, suggesting 
that sponsors were able to include a disproportionate share of big ‘winners’ – or avoid the 
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inclusion of big ‘losers’ – among their plan option menus. This skewness is also indicated 
by alpha differentials at each percentile break above the median exceeding (in absolute 
terms) their corresponding values below the median to differing degrees (e.g., for the 
entire sample period, the respective observations at the 75th and 25th percentiles are 
12.95 and –5.50 basis points, whereas the absolute gap between 33.52 and –23.64 basis 
points at the 90th and 10th percentiles is considerably wider). Finally, and perhaps most 
telling, more than three in five (e.g., 61.76% in the full sample period) of the plan options 
generated higher risk-adjusted returns than their factor-matched nearest neighbours in the 
non-plan sample. This is a strong indication that plan sponsors were consistently able to 
select plan options that covered their net-of-fee opportunity costs, as measured by the 
return produced by their matched pairs.  

5.3 Active vs. passive management results 

Table 4 refines the analysis of the preceding section by focusing on the set of actively 
managed funds maintained within the total investable option universe. Notice that the 
vast majority of the funds in both the total universe (10,368 of 10,536) and plan option 
(1,350 of 1,488) samples are indeed actively managed. Thus, it is not surprising that the 
differences in mean and median alphas generated by active plan and non-plan options are 
quite similar to those for the entire sample. It does appear to be the case, however, that 
these differentials are slightly larger in the active sample: for instance, the mean  
three-factor monthly alpha differences in Panel A for the active and total samples were 
9.86 and 9.61 basis points, respectively. Further, the ability of plan sponsors to 
discriminate among funds able to beat return expectations appears to be greater as well; 
the difference in the (% Pos.) statistic between the plan and non-plan options using the 
three-factor model is 11.14% for active funds versus 9.58% for all funds. This pattern is 
reflected across all factor model variations, as well as in each of the sub-periods shown in 
Panel B. Further, the out-of-sample alpha analysis in Panel C confirms the pattern of plan 
option superiority for the 60 monthly cross sections. Thus, consistent with our second 
hypothesis, we conclude that the actively managed funds that sponsors select for their 
plans do outperform the set of non-plan options, after controlling for both risk and fees. 

As summarised by our third hypothesis, it is also possible that the passively managed 
investment alternatives offered to plan participants outperform those that sponsors 
considered but rejected. While quite mixed, the findings reported in Table 5 ultimately 
suggest that this is not likely to be true. However, considerable caution is warranted  
when drawing any definitive conclusions due to the substantially smaller sample sizes – 
particularly for the non-plan index fund sample – involved in the analysis. For the entire 
sample period (Panel A), the difference in mean in-sample alphas between plan and  
non-plan passively managed funds is actually negative for the three- and four-factor 
models (i.e., –3.42 and -3.11 basis points, respectively) although neither differential was 
meaningfully different from zero. The sub-period results listed in Panel B confirm the 
insignificance of these performance differentials over time. Further, index funds included 
as plan options were typically able to produce returns that meet or exceed expectations 
about 25% of the time. If nothing else, this underscores the effect that expenses have on 
investment products that follow a passive mandate. While the out-of-sample alpha 
differential findings in Panel C vary greatly by factor model they do suggest a positive 
and meaningful separation in performance between plan and non-plan passive funds that 
favours the former when the multi-factor return-generating models are used. 
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Table 4 Risk-adjusted performance of plan and non-plan investment options: actively 
managed options 
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Table 5 Risk-Adjusted performance of plan and non-plan investment options: passively 
managed options 
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The overall inference that can be drawn from the combined results listed in Table 4 and 
Table 5 is that sponsors do appear to be adept at selecting actively managed funds to offer 
to participants in their defined contribution plans, but that they show no consistently 
demonstrable skills when choosing among the set of available index fund alternatives. As 
such, in addition to finding support for our second hypothesis, we also reject our third 
proposition that the passively managed plan funds produce better risk-adjusted returns 
than otherwise comparable non-plan index funds. This might not be an unexpected 
outcome: the potential value added to the plan participant in having sponsors spend their 
time analysing active funds rather than passive ones is undoubtedly greater. Based on this 
evidence, we can therefore narrow our earlier conclusion regarding the superior fund 
selection skills of the sponsors in our sample to include just those potential plan options 
that have an active management mandate. 

6 Public vs. privately managed plan options: cross-sectional differences 

Hypothesis 4 stated that managers of privately held accounts would generate superior 
risk-adjusted returns relative to otherwise comparable public funds, due to the ex ante 
advantages they enjoy (e.g., lower expenses, more predictable cash inflows). To test this 
supposition formally, Table 6 reports statistics summarising the alpha differentials 
between the privately and publicly managed funds constituting the set of actively 
managed plan options. For the sake of brevity, the display only lists findings for the 
entire sample period, but pools the risk-adjusted performance statistics in two different 
ways: 

1 equally weighted abnormal returns 

2 participant-weighted abnormal returns. 

As before, both in-sample alphas and out-of-sample aggregated alpha differentials are 
calculated for the public and private active plan option subsamples.14 

Panel A shows the set of performance measures pooled on an equally weighted  
basis. This portfolio formation method implicitly assigns the same level of importance to 
each plan option regardless of the degree to which participants actually invest in it. The 
in-sample alpha results (Panel A.1) indicate little difference in performance between 
actively managed private and public funds. In fact, the three- and four-factor versions of 
equation (1) lead to insignificant average performance differentials of approximately 
minus one basis point per month, with only modest differences in the (% Pos.) variable. 
Conversely, the one-factor model produces a slightly positive (although insignificant) 
performance advantage for the public funds over private managers. The out-of-sample 
aggregated alpha differential results (Panel A.2) –particularly the mean and (% Pos.) 
statistics – do indicate a slight positive performance increment generated by privately 
managed accounts. However, most of these alpha differentials remain statistically 
insignificant. Thus, the evidence in Panel A does not provide strong support for an 
investment advantage enjoyed by either management type and, as such, fails to support 
the superiority of privately managed accounts. 
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Table 6 Risk-adjusted performance of actively managed plan options: public vs. private funds 
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In fact, if the performance statistics are tabulated on the basis of how the typical plan 
participant actually allocates within the plan (Panel B), the preponderance of the evidence 
appears to be more consistent with the alternative story that mutual fund managers 
produce slightly better risk-adjusted returns than private managers. For example, when 
either multi-factor version of the risk model is employed to calculate in-sample alphas 
(Panel B.1), the median performance differential in favour of mutual funds is about seven 
basis points per month. Further, more than half of the public managers produced positive 
alphas, while more than half of the private managers failed to do so (e.g., 58.50% positive 
alphas in mutual funds vs. 43.81% in institutional accounts using the three-factor model 
in the asset-weighted sample).15 

Additionally, both the mean and median out-of-sample alpha differentials (Panel B.2) 
from the multi-factor versions of equation (1) are positive – with a single exception – 
although at far more modest and insignificant levels. Generally, slightly more than half of 
these performance differentials are positive (e.g., 56.67% of the out-of-sample 
differentials exceed zero, using the three- and four-factor models). Consequently, 
compared to the mixed evidence from the equally weighted sample, the participant-
weighted findings suggest that plan participants are able to identify the better funds when 
deciding where they should actually invest their money. Thus, not only do the earlier 
results indicate that plan sponsors exhibit positive manager selection skills when 
choosing their plan option menus, but it may also be the case the investors who use those 
menus to allocate their retirement savings exhibit positive selection skills of their own. 

It is tempting on the basis of the findings in the bottom panel of Table 6 to conclude 
that the typical manager of a public plan fund possesses somewhat elevated security skills 
relative to the typical private plan fund manager. However, there are at least two reasons 
that argue against that judgment. First, the statistical evidence is not especially strong; in 
fact, the alpha differentials from the one-factor model actually contradict that 
conclusion.16 Second, even if these performance statistics capture legitimate return 
differentials, it is possible that they merely reflect disparities in the operating conditions 
or investment restrictions imposed on public and private accounts, rather than disparate 
levels of investment prowess. Although our data do not permit us to differentiate between 
those possibilities directly, it is nonetheless true that defined contribution plan 
participants do not appear to be incrementally benefited by their selection of private fund 
managers, in contrast to the prediction of Hypothesis 4.17 

7 Concluding comments 

Although the size and scope of the market for retirement assets has fostered a 
considerable amount of research, the vast majority of that literature has been concentrated 
on the portfolio choices that investors make as well as the investment performance 
associated with those decisions. Of course, the choices that participants make are a direct 
function of the set of alternatives they are offered, but far less is known about the 
motivation and performance of the sponsors who provide those choices. In this paper we 
posit and test several hypotheses concerning the quality of the investment options that 
sponsors made available to their participants compared to those that they did not. Using a 
comprehensive and proprietary database maintained by the largest service provider in the 
defined contribution industry, we demonstrate that the investment options included in 



   

 

   

   
 

   

   

 

   

   28 K.C. Brown and W.V. Harlow    
 

    
 
 

   

   
 

   

   

 

   

       
 

plans outperform an otherwise comparable set of non-plan alternatives by an average of 
1.22% on an annualised basis, an incremental amount that is both net of fees and adjusted 
for risk. This performance advantage is: 

1 spread fairly uniformly across equity style classes 

2 is not particularly sensitive to the nature of the risk-adjustment process 

3 was present, albeit in different degrees, across all sub-intervals of the overall sample 
period. 

Further, we show that the sources of this outperformance are the actively managed funds 
that sponsors select and, to a far lesser extent, the public fund products they choose, 
despite the apparent advantages that privately managed accounts appear to enjoy. We 
conclude that plan sponsors possess genuine selection skills with regard to the menu of 
investment options they offer to their participants. 

Our analysis also suggests some potentially fruitful directions for future research. We 
have concentrated on the equity fund selections made by plan sponsors, which is likely to 
be the asset class for which there is the largest possible benefit in deploying superior 
selection skills. Even so, the same set of hypotheses that we test in this study could be 
applied to fixed-income, cash-equivalent, or even life-cycle and tactical asset allocation 
funds. Further, it would be interesting to consider how frequently sponsors feel 
compelled to adjust the set of available plan options and what the economic and 
behavioural determinants underlying that decision might be. 

Beyond that, it is possible that cross-sectional variations in the set of plan options 
offered by sponsoring firms are related to differences in various dimensions summarizing 
their corporate profiles (e.g., industry affiliation, market capitalisation, employee base). 
Said differently, do General Electric, Microsoft, and Whole Foods Market face 
comparable decisions when designing their defined contribution plans? In this context, it 
may be the case that the need to hedge labour income risk influences the selection 
process. Finally, it is likely that managers in the defined contribution market are subject 
to the same sort of agency problems of the type identified by Brown et al. (1996) and it 
would be useful to consider how those incentives might impact performance, particularly 
with regard to differences between funds available to the general public and those 
accounts that are privately managed. However, these issues are well beyond the scope of 
the present investigation and will be left for future consideration. 
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Notes 
1 Elton et al. (2007) also documented that plan funds outperformed non-plan, non-index funds 

by roughly the amount of the fee differential (1.9 basis points) that existed between the two 
samples, raising the possibility that the ‘skill’ plan sponsors possess simply amounts to 
selecting lower-cost funds. 

2 The preceding description is an overview of an extremely complex subject and is merely 
intended to focus the discussion on the specific issue at hand; for more details, see Baker et al. 
(2005). 

3 Formally, a fiduciary in this context is any entity that has control over the management of an 
employee benefit plan or its assets. Although compliance with Section 404(c) allows the plan 
sponsor to avoid being responsible for the ultimate investment decisions of the plan 
participants (i.e., choosing one investment option over another available one), they still have 
fiduciary responsibility for selecting the menu of available plan options. Further, under 
ERISA, all actions taken by a fiduciary must be for the exclusive benefit of plan participants 
and beneficiaries and fiduciaries must exercise the care, skill, and diligence that would be used 
by a reasonably prudent person familiar with such matters. See McGill et al. (2005) for a more 
complete discussion of both the responsibilities of fiduciaries and the rights of participants in 
the pension plan market. 

4 It is not universally accepted that more is better than fewer when it comes to the number of 
investment alternatives included in a retirement plan. Cronqvist and Thaler (2004) suggest that 
having to select among a large number of options can make an already complex portfolio 
choice problem unduly complicated for many unsophisticated participants. 

5 Recall that the plan administrator performs a separate and very different function than the plan 
investment managers. Although the reported data are provided by a single service provider, 
they represent the combined efforts of scores of different money management institutions. In 
fact, portfolio managers not employed by the investment arm of this service provider control 
74.04% of all the plan options contained in the sample – both public funds and private 
accounts – a figure consistent with that organisation’s market share in the money management 
industry as a whole. To insure that no implicit conflict of interests exist in our sample, we 
have replicated the entire empirical analysis described below with the subset of plan options 
created by removing all funds associated with the service provider. This adjustment had no 
material impact on the findings or conclusions. 

6 More formally, an institutionally managed (i.e., private) account is defined as any plan option 
that is not available to retail investors in the form of a public mutual fund or closed-end fund. 
While investment managers can provide both private and public versions of the same portfolio 
strategy, the management of these options may differ in material ways, such as portfolio 
turnover and rebalancing policies. However, the institutionally managed account will typically 
have lower fees due to the economies of scale related to a larger investment position and 
relationship with the plan sponsor in a single account rather than in large numbers of retail 
accounts. 
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7 It is entirely possible that some of the funds included in our non-plan option sample were 
available choices in other defined contribution plans for which the service provider supplying 
our data was not the record-keeper. However, this possibility does not conflict with the fact 
these funds were not selected as options by the sponsors that we actually investigate. 
Consequently, there is no overlap between the investment options we placed in our plan and 
non-plan samples. 

8 The factor return data required for the estimation of equation (1) were obtained from Ken 
French and Eugene Fama via the website 
http://mba.tuck.dartmouth.edu/pages/faculty/ken.french/data_library.html. 

9 We have also produced a full set of the findings discussed in the next section using the three 
different non-plan option samples that result from applying the ‘R2 > 0.75’ inclusion rule 
independently to each of the three versions of equation (1). Although this procedure generated 
slightly different non-plan sample sizes, it had no appreciable impact on the reported 
outcomes. 

10 The mean alpha differential test was conducted as a standard difference-in-means t-test, 
adjusting for the unequal sizes of the plan and non-plan sub-samples. The median alpha 
differential tests were conducted using the Mann-Whitney procedure. The (% Pos.) differential 
test was conducted as a chi-squared test on the difference in proportions in two samples. 

11 To minimise the impact of outliers in this relatively small set of observations, we Winsorized 
the data distribution at the 90% level [i.e., the bottom (top) three observations in the  
rank-ordered distribution were set equal to the fourth-from-bottom (-top) observation] before 
performing the mean value significance test. 

12 Due to correlation among the factor loadings, it is unlikely that this sorting procedure will ever 
produce bins of equal size in any given sample. That is, if low-SMB beta options in the  
non-plan sample also tend to have low MOM factor exposures, the [Low SMB, Low MOM] 
bins will be more heavily populated than the [High SMB, High MOM] bins. Thus, this sorting 
method controls for differences that may exist in the factor loading patterns of the plan and 
non-plan samples. 

13 Two other details of this matching process are worth noting. First, the sequential selection of 
nearest neighbours from the non-plan option sample was done with replacement, which 
eliminated the possibility that the results could be influenced by where the selection procedure 
started in the plan option sample. Second, we also repeated the entire matching process using a 
variation of (2) that minimised the sum of the squared deviations in plan and non-plan factor 
loadings, which produced no material difference in the findings relative to those reported in 
Panel B of Table 3. 

14 For the out-of-sample alpha differentials, the three ways of pooling risk-adjusted performance 
affected the way in which the monthly cross-sectional portfolios were formed (i.e., Step 5 of 
the modified Fama-MacBeth procedure in Section 5.1.2 was replicated using participant-
weighted portfolios in addition to equally weighted ones.) 

15 We also calculated the performance statistics in Table 6 on the basis of how total plan assets 
are allocated across the entire sample. These asset-weighted average results are quite similar to 
the participant-weighted averages reported in Panel B and are therefore not listed in the 
display. 

16 Because the participant-based pooling methods in Panel B.1 represents a weighted average, 
notice that it is only possible to calculate p-values for the mean in-sample alpha difference 
tests, which have been appropriately adjusted for each weighting scheme. 

17 Although not reported here, we have also examined the role played by other potential cross-
sectional determinants for plan option performance, including the total market value of 
holdings in a particular option (MKTVAL), the number of distinct plans holding an option 
(PLANFRQ), and the number of participants across all plans who select an option 
(PARTFRQ). In general, we found statistically significant correlations between ALPHA and 
both MKTVAL (0.1078) and PLANFRQ (0.0886), suggesting that participants tend to invest 
in those funds producing the best performance. 


