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Abstract
Trading costs are a significant, but unobserved, drag on mutual fund performance. Because an index fund does not engage in securities selection or market timing, its trading costs are equivalent to its underperformance relative to its benchmark plus any securities lending income it earns.  Using a large sample of index funds, we find positive returns to scale at the fund and family levels. We also find greater fund size helps alleviate the higher trading costs associated with illiquid equities and that net trading costs are comparable in magnitude to expense ratios. 
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1. Introduction
Over the past decade, investors have shifted capital in large amounts from actively managed mutual funds to passively managed index funds. According to the Investment Company Institute (2020), equity index funds received $1.8 trillion in net new cash and reinvested dividends, while actively managed equity mutual funds experienced a net outflow of $1.7 trillion. As a result, the portion of assets invested in index funds relative to all funds doubled from 15% in 2010 to 30% in 2019. One of the main drivers for this trend is shareholders’ ability to obtain lower expense ratio operating costs when investing in index funds. These costs reduce average index fund investor returns by about 49 basis points annually in our sample. However, recent research suggests that expense ratios are not the only significant costs that investors face. Other material but non-observable and non-disclosed operating costs are incurred through the trading of securities―most notably price impacts, bid-ask spreads, and brokers’ commissions (see e.g., Busse et al. 2021; Frazzini, Israel, and Moskowitz 2014). One of the main limitations of this body of knowledge is the lack of transaction data. While a few studies utilize proprietary trade data from live trading platforms of financial institutions in actively managed funds, most of this work is limited in terms of security and data coverage. 
In this paper, we extend the literature by examining the role that trading costs play in an important and widely used, but less studied investment vehicle, namely index mutual funds. We focus on passively managed funds for several reasons. First, using index funds alleviates trading cost estimation errors. Because trading costs are not reported, prior researchers have used actively managed fund transaction or holdings data to estimate their magnitude. Studies using transaction datasets that report actual commission expenses must still estimate the implicit costs of the price impacts and bid-ask spreads. For example, Keim and Madhavan (1997) compute the implicit trading costs as the average price of all executed trades compared to the closing price of the stock. Christoffersen, Keim, and Musto (2006) use daily trade size weighted average prices of all trades for a given stock compared to a fund’s executed buy and sell stock prices to estimate implied trading costs but do not include commissions. Chan and Lakonishok (1995) and Busse et al. (2021) use multiple benchmarks to compute ranges of implicit cost estimates (e.g., same-day, pre-execution, and post-execution benchmarks) and report annual values in the range of 75 to 101 basis points. Studies utilizing fund holdings include Grinblatt and Titman (1989), who compare the returns of a hypothetical portfolio formed using quarterly holding reports to actual fund returns assuming holdings are fixed for each quarter, and Bollen and Busse (2001), who employ a similar method but linearly interpolate between fund holding reports. A limitation of the holdings approaches is that they cannot capture intra-period round-trip trades within each fund. This unobserved trading could be magnified when actively managed funds strategically game their reports (Agarwal, Gay, and Ling 2014). 
Second, because index funds are constrained to replicating benchmark portfolios, they are limited in their ability to avoid high trading cost stocks. Busse et al. (2021) find that, in actively managed funds, scale and portfolio choice jointly determine the magnitudes of trading costs as larger funds trade less frequently and favor holding larger company stocks to avoid higher trading costs. Unlike actively managed funds, index funds irrespective of size do not have the freedom to significantly alter their portfolio composition, leaving scale as the sole mechanism affecting trading costs. 
Third, index funds allow us to avoid the self-selection problem inherent in studies that use directly observed trades. For example, Busse et al. (2021) use data from ANcerno (formerly Abel-Noser Solutions), a leading trading cost analytics and consultancy provider, and employ differences between in-sample groups of small and large funds. Their approach helps mitigate selection bias that may occur if ANcerno clients are not representative of the overall mutual fund market. However, this assumes that the in- and out-sample differences are comparable, which is unknowable. Similarly, Frazzini et al. (2014) use transaction data from a large money manager whose trading environment could be significantly different from that of other funds. Selecting funds only on passive management type (index funds) avoids selection bias and ensures the generalizability of our results. 
Fourth, we estimate index fund trading costs using readily available information. Because managers of index funds do not have stock picking or market timing skills, the return a shareholder earns is simply the return of the benchmark index minus operating costs plus income the fund earns from lending its securities. Fund operating costs can be divided into reported expense ratio costs (e.g., management, custodial, audit, and administrative fees), and non-reported total trading costs (e.g., price impacts from large trades, trading commissions, bid-ask spreads, and other trade-related operating costs[footnoteRef:3]). Therefore, while trading costs are not directly observable in actively managed funds, they can be estimated using index funds.  [3:  Elton, Gruber, and de Souza (2019) note that index fund performance can be affected by trading policies associated with index matching, handling index portfolio changes, share buybacks, cash holdings, and capital gains.] 

Unlike transaction- and holdings-based estimations, our modeling of trading costs is relatively straightforward in that it does not rely on procedures like summing across all trades for the fund quarter or averaging cross-sectional estimates across time. Because each observation in our sample provides a direct estimate of the trading costs each month, our research design eliminates multiple steps that can introduce measurement error. Our method does not suffer from intra-period trade errors as it does not rely on a hypothetical portfolio because the actual benchmark index is readily available. In addition, index funds will generally not be able to conduct window dressing in their reporting because they are limited to mirroring the index. Furthermore, our approach does not require the estimation of implicit trading costs. More importantly, our approach captures investor outcomes. In other words, investors are not concerned with individual transactions costs, but with how total trading related costs lower shareholder returns.
[bookmark: _Hlk90213001]Using a large sample of index funds over the period 1993–2016, we find evidence consistent with scale-related operating efficiency gains. The annual difference in trading costs between index funds in the smallest and largest size quintiles is about 59 basis points. Possible sources for these efficiency gains include the ability of larger funds to negotiate lower trading commissions, as well as having more resources to purchase costly smart order-routing systems that can automatically process trades at the best available execution prices and lowest costs. These systems exploit price dispersions that occur when the same security is traded on several different venues (Foucault, Pagano, and Roell 2013).[footnoteRef:4] The results of operating efficiencies also extend to the family level. Because larger funds tend to be members of large families that can obtain better trade execution and negotiate lower trading commissions than smaller families (Chen et al. 2004, Cici, Dahm, and Kempf 2018), family-size economies of scale likely benefit all funds in a family regardless of fund size. That is, small funds in large families are likely to have lower trading costs than small funds in small families. [4:  See also, “Navigating the future of smart order routing” (2009) at www.dealingwithtechnology.com.] 

Trading costs in larger fund families are likely lower for reasons other than realized transaction costs. Because large families can replicate the market, they can minimize liquidity and trading costs via intrafamily cross-trading. Under Rule 17a-7 of the U.S. Investment Company Act of 1940, cross trades do not incur commissions, spreads, or other types of brokerage costs, thereby lowering overall fund transaction costs. Thus, asset managers can exploit large crossing pools to lower average trading costs. For example, Blackrock cites its scale, access to a variety of trading venues, and its large crossing pool as factors that reduce overall trading costs.[footnoteRef:5] To illustrate how cross-trading improves operating efficiency, consider a family with only two funds, Fund A and Fund B. Suppose the manager of Fund A needs to sell 100 shares of a given security and the manager of Fund B needs to buy 100 shares of the same security. In this case, the trades are handled by cross-transactions as the family instructs the custodial bank to make a transfer at the current market price and transaction costs for both funds are nearly zero (Eisele et al. 2020).[footnoteRef:6]  [5:  For more information on Blackrock’s trading and liquidity strategies see, https://www.blackrock.com/institutions/en-axj/investment-capabilities-and-solutions/trading-and-liquidity-strategies]  [6:  Custodians typically serve as transfer agents. Cross trades do incur customary transfer fees that are much less than the sum of trading commissions, bid-ask spreads, and the price impacts of large trades. ] 

Internal crossing can occur if one or both funds are actively or passively managed. In practice, families with a mix of actively and passively managed funds likely have greater cross-trading opportunities due to heterogeneity in their funds’ supply and demand for less liquid (and higher trading cost) securities. Indeed, the trend of net inflows into passively managed funds and net outflows from actively managed funds suggests larger families can exploit internal cross trading. Therefore, funds in sufficiently large families only pay transaction costs when there is an imbalance in their trades with other family funds. Eisele et al. (2020) find that average cross-trade execution prices are lower than open market prices when strong monitoring policies are in place. Our interest is not whether cross-trading is a device to reallocate performance within a family (e.g., Gaspar, Massa, and Matos, 2006)  , but how cross-trading can lower average trading costs within a family. We find evidence in support of family-level economies of scale in trading costs, consistent with larger fund families with more efficient trading desks and enhanced cross-trading capabilities.
We also examine how stock liquidity affects net fund trading costs. Several studies posit that liquidity plays a role in their negative returns to scale findings. Chen et al. (2004) and Yan (2008), for example, interpret their findings as support for the hypothesis that fund size erodes performance because of liquidity constraints. Likewise, Chan and Lakonishok (1995) and Busse et al. (2021) find that investment style is a significant determinant of transaction costs in actively managed funds with more difficult to trade stocks (e.g., small-cap and lower-priced stocks) incurring higher costs. In contrast to prior literature, we observe size-driven efficiency gains in that larger funds incur lower trading costs when investing in small cap firms. 
We further investigate the fund scale results by testing whether the scale-trading cost relation may be different for Vanguard funds versus funds offered by its smaller competitors. Berk and van Binsbergen (2015) note that Vanguard funds are large and widely regarded as the least-cost method to hold well-diversified portfolios. In a similar vein, Kacperczyk, Sialm, and Zheng (2008) report that the Vanguard 500 fund exhibits a much smaller return gap (i.e., the difference between total gross and observed gross alphas) than S&P 500 index funds sponsored by other fund families. This suggests that Vanguard enjoys substantial negotiation power, cross-trading, and the ability to amortize fixed costs across a large asset base. Because Vanguard accounts for a significant amount of the assets under management in our sample, it is possible our full sample estimated coefficients reflect a Vanguard effect that is due to large size and low costs. Alternatively, after a certain threshold additional growth in managed assets may have a limited effect on trading costs. Consistent with a Vanguard effect, fund size is insignificantly related to trading costs for the full sample but negatively significant after removing Vanguard funds. Economically, a one-standard-deviation increase in fund size for non-Vanguard funds is associated with a 14% reduction in trading costs. In contrast, the estimated coefficients for family size are negative, statistically significant, and of similar magnitude across all models whether or not Vanguard funds are included. 
It is also possible that index funds and families become larger by being more skilled at mitigating transaction costs. The ability to mitigate transaction costs could cause some index funds to be larger and manage more monies. In this case, we would observe a negative relation between trading cost and size even if there are no positive returns to scale. We argue this is unlikely because scale is a necessary first-order component of skill. For instance, negotiating lower trading commissions may be a skill, but negotiating efforts absent scale are unlikely to yield meaningful cost reductions. Likewise, scale is a prerequisite to deploying the skills necessary to operate costly trading systems and engage in family cross-trading. Thus, if it exists, index fund trading skill is a derivative of scale. Nevertheless, we perform regression analysis to examine whether trading costs affect future fund flows; our results show that they are not. Overall, the results are consistent with the argument that reported and thus salient operating costs (i.e., expense ratios) attract flows that lead to larger sizes, and larger sizes lead to lower trading costs. 
[bookmark: _Hlk78443728]Our paper is related to Busse et al. (2021), who use transaction-level data to estimate actively managed fund trading costs. Busse et al. report annual trading cost advantages of 65–89 basis points for funds in the largest size quintile when compared to funds in the smallest size quintile.  Busse et al. show that larger funds have lower realized trading costs because they tend to trade less frequently and hold liquid stocks to avoid higher costs associated with large trades. Collectively, the results from this study and Busse et al. suggest a fund size explanation for trading costs economies of scales for external transactions and a family size explanation when there is a mix of internal and external trading.
Our paper adds to the trading-cost literature by providing new fundamental information for index funds. Keim and Madhavan (1997) compute the costs for three index institutions from January 1991 to March 1993 and report total trading costs of 37 basis points (bps), which is lower than the actively managed funds in their sample. Christoffersen et al. (2006) utilize data on 20 index funds from the sample of 210 total funds. They include a dummy variable for index funds in their trading-costs model, which excludes commissions, and find that actively managed funds have lower trading costs. Cici et al. (2018) compute a return difference similar to ours but for S&P 500 funds only. They use the return difference to examine the efficiency of family trading desks. Elton, Gruber, and de Souza (2019) compute fund and benchmark index return differences to examine factors that help explain return differences in ETFs and index funds, However, their sample generation strategy, designed to match ETFs to index funds, yields primarily very large funds thereby reducing heterogeneity in fund and family sizes. From this limited literature, we have (i) one estimate of the magnitude of trading cost for index funds that uses data from three decades ago, prior to the tremendous growth in assets under management in index funds, (ii) opposite findings as to whether index funds experience lower or greater trading costs than actively managed funds, and (iii) no information on the determinants of trading costs using a representative sample of index funds. In contrast, our results document trading costs being comparable in magnitude to expense ratios, the significant determinants of fund and family size, and the benefit that size has on the trading cost of illiquid stocks.  Because index funds do not have the ability to invest in large versus small firms that exhibit differing levels of stock illiquidity (Busse et al. 2021), we posit the inverse relation demonstrates positive economies of scale. 

2. Estimating Trading Costs
The investment objective of an index fund is to replicate the performance of a benchmark index with minimal tracking error. Unlike an actively managed fund, an index fund is largely constrained to hold a portfolio that mirrors the benchmark index. It does not seek positive NPV investment opportunities and thus includes no component of managerial skill from stock picking or market timing. This fundamental feature allows us to directly estimate total fund trading costs.   
The return a shareholder earns from an index fund is simply the return of the benchmark index minus operating costs and plus any securities lending income. A mutual fund incurs reported and unreported operating costs. The expense ratio captures some of a fund’s operating costs including management, administration, transfer agent, custodial, and accounting. However, trading-related costs are unreported and not included in expense ratios. Trading costs include the sum of brokerage commissions, bid-ask spreads, trade-related price impacts, and other trade-related operating costs (e.g., holding cash to facilitate redemptions rather than selling securities, index replication procedures, policies to handle portfolio changes corresponding to index composition, derivatives usage, etc.) that funds incur. So a shareholder’s return () is, 
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where is the observed monthly net return of fund  in month ,   is the benchmark index return,  is  of the reported annual expense ratio,  is the ratio of trading costs to net assets, and  is the ratio of lending income to net assets. Because index fund managers cannot exactly match the returns on the benchmark indexes, especially over short periods, the observed return for index funds also include random and transitory tracking errors ( that zero out over time. Funds pay for daily accrued management, advising, and other reported expenses monthly, so that the reported shareholder return is the before fee return, , less reported expenses is,
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Substituting equation (2) into equation (1) and rearranging yields,
	
	.
	(3)
	


Thus, trading cost can be estimated as the benchmark return gap () plus securities lending income. Equivalently, the benchmark return gap is trading cost less securities lending income.[footnoteRef:7]  [7:  We use the terms benchmark return gap, trading costs less securities lending income, non-reported operating costs, and non-expense ratio operating costs interchangeably. ] 

Equation (3) indicates that accurate and unbiased trading cost estimates require minimal measurement and tracking errors. Measurement errors occur when benchmark indexes are incorrectly or poorly assigned. Tracking errors are random variations that occur as index funds attempt to replicate a benchmark. Because it is costly and may be challenging for managers to exactly match fund holdings to underlying indexes in the short term, there can be tracking error even when measurement errors are not a concern. For instance, a small cap stock index fund may find it prohibitively costly to exactly replicate the Russell 2000 index and instead employ algorithms to approximately replicate the index by holding fewer stocks. This can lead to tracking errors, which can be large if securities in the underlying index not held by the fund experience sizable price changes while the held securities do not. We mitigate these errors using a multiple step process that includes manual examination to verify benchmarks, and outlier robust methods to minimize the undue influence of extreme tracking errors. 

3. Data Sources, Sample Construction, and Summary Statistics
3.1 Sample
[bookmark: _Hlk90212970]We begin by constructing samples of U.S.-domiciled mutual funds for passively managed portfolios from historical CRSP and Morningstar databases for the period 1993–2016. We merge the CRSP and Morningstar historical databases by matching funds on ticker, CUSIP, and fund name. This merging allows us to compare reported returns and asset values across the two databases to improve data accuracy. Specifically, we remove funds with CRSP returns or assets that differ by more than 10% of their Morningstar values (about 1% of the merged database). We drop any non-matched and rapidly shrinking funds. We drop funds that are not long domestic equity using Morningstar category names and Morningstar primary prospectus benchmarks. We only include observations with non-missing values and with at least 24 months of data to mitigate tracking error bias and based on the finding that incubated funds have upwardly biased returns (Evans 2010). We then remove actively managed funds using Morningstar’s Index Fund flag.
[bookmark: _Hlk90213205]Next, we review the initial sample to identify funds that are likely to incur excessive measurement errors. Our concern is that accurate performance benchmarks are not always available. Because Morningstar benchmarks do not account for funds whose investment strategies are not constrained to a single asset class or investment category, the benchmarks do not reliably reflect the style or risk of some funds. Also, there are no unique index-based benchmarks for some investment styles. For example, in the middle of 2017 there were only 89 Morningstar benchmark indices to cover the 115 Morningstar style categories. We drop many of these difficult-to-benchmark funds by restricting our sample to index funds with a Morningstar Style Box category assignment, a 3x3 matrix intersecting investment styles (Value, Blend, and Growth) with size based on market capitalization of the underlying equities (Small, Mid, and Large). We drop enhanced index funds, which do not seek to mimic the returns of their underlying index, using Morningstar’s Enhanced Index Fund flag.  We drop funds of funds that do not have a single benchmark index using Morningstar’s Fund of Funds flag.
To uncover potential measurement errors, we manually examine fund names and prospectus investment objectives. This process uncovers funds that follow market neutral, bull market, absolute return, momentum, contrarian, volatility, and leveraged strategies. We classify these as Enhanced funds. This process also finds funds where Morningstar assigns incorrect benchmark indexes including Nasdaq, Dow, ESG, and global equity index funds and sector funds (e.g., construction and internet equity funds). We classify these as Specialty funds. The last classification is Allocation, which includes target date funds and other multi-asset class funds that follow an asset allocation strategy. Online Appendix 1 lists 114 Enhanced, Fund of Funds, Specialty, and Allocation funds and includes their Morningstar assigned styles, benchmark indices, indicators, and classification flags. It also includes their annual minimum and maximum benchmark return gap to demonstrate extreme measurement errors. An example is the Fidelity Stock Selector All Cap Fund, which exhibits an annual minimum benchmark return gap of negative 126.19% and a maximum of 116.71%. Because the returns of these funds are poorly captured by their Morningstar-assigned benchmark indexes, we drop them from the sample. 
[bookmark: _Hlk90213681]In addition to measurement errors, funds experience tracking errors because it is difficult to maintain a portfolio that exactly tracks an index. The method that Morningstar uses to categorize mutual funds can also cause tracking errors. As regulated investment companies, mutual funds are required to report their holdings on a quarterly basis (semi-annual prior to May 10, 2004) using forms N-Q and N-CSR no later than 60 days after their quarter ends. Morningstar classifies each stock according to its growth and value styles and market capitalization. Morningstar uses stock-level size-style attributes and reported holdings as the basis for each fund’s Style Box assignment. Morningstar then uses each fund’s assignments over a three-year period to determine its Morningstar Category. Morningstar’s fund analyst team then assigns a benchmark index based on the Morningstar Category. Thus, assignments of benchmark indexes to funds are based on the Morningstar Category and not the exact holdings of each fund at each point in time. 
[bookmark: _Hlk90213985]Tracking errors increase standard errors even though their expected values are zero and this will bias against finding significant results. We take steps to identify and remove large tracking errors because it is possible that these errors can directionally bias coefficient estimates. Specifically, we isolate observations with extreme tracking errors and identify extreme multivariate outliers with benchmark return gap vertical distances (i.e., robust standardized residuals) beyond the limits of +/- 5 (Adams, Hayunga, and Mansi 2021). These observations are less than 0.0001% of the standard normal distribution. Online Appendix 2 lists 309 observations that exceed these lower and upper thresholds. Confirming the importance of inspecting mutual fund samples for tracking errors, the minimum benchmark return gap is negative 161% and the maximum is 135%. While the gap for index funds typically ranges between 0.1% and 1%, the standard deviation of these 309 observations is 38%. Given the large variation due to tracking errors in benchmark return gap, we remove the 309 records. After addressing measurement and tracking errors, our final action is to drop observations with missing fund returns, style, and fund and family scale information. 

3.2 Descriptive Statistics
Table 1 provides descriptive statistics for the full sample of 9,868 fund-month observations for 1993–2016 (All Funds), and when segmented by fund market capitalization styles (Small, Mid, and Large Cap Stock Funds). Included are the mean, median, standard deviation, and percentiles (1%, 25%, 75%, 99%). In addition, we report minimum and maximum values to show the full range in the return and scale measures. For each sample, we report statistics for observed annual benchmark return gaps, expense ratios and fund, family, and industry sizes. We measure fund size as the portfolio-level total net assets at the end of the previous month, inflated to 2016 values using the total market capitalization of stocks in the CRSP stock database. In addition, we examine the effects of family size and industry size on trading costs. Family size is the sum of the total net assets of the sample funds within the fund family complex. Industry size is the proportion of the dollar value of actively and passively managed mutual funds to the total market capitalization of all stocks in the CRSP stock database. 
The All Funds mean and median annual benchmark return gaps (i.e., annual trading costs less securities lending incomes) are 49 and 53 basis points with a standard deviation of 444 basis points. Applying the sample mean fund size of $4.6 billion, the average annual return gaps are about $22 million. The mean and median expense ratios are 49 and 40 basis points, values that are similar in magnitude to trading costs less securities lending income. Despite their economic equivalency, reported operating costs receive much more attention from researchers and practitioners than non-reported trading costs. This disparate treatment has implications for the prevailing opinion of academic researchers that investors should select index mutual funds exclusively on reported fees and those investors that choose on returns relative to an index are naïve or irrational. For example, Choi et al. (2010) in an experimental setting argue that subjects sub-optimally place high weight on historical returns and fail to minimize reported fees. An alternative explanation given the economic significance of non-expense ratio operating costs, is that investors tend to rationally choose index funds on total operating costs rather than only by reported costs (expense ratios). That is, their subjects either explicitly or intuitively knew that reported fees do not include economically significant trading costs (a distinct possibility given the investing experience and education of their subjects). If so, their subjects behaved rationally given an incomplete information set. Investors should choose index funds with the highest net risk-adjusted returns to fully capture reported and unreported operating costs. 
Figure 1 displays comparisons of value- and equal-weighted mean annual benchmark return gap and expense ratios for the All, Small, Mid, and Large Cap Funds samples. For all funds, the unreported and reported cost magnitudes are similar. Trading costs less securities lending incomes are 26 bps (49 bps) using value weighting (equal weighting) versus expense ratios of 25 (49) basis points. The expense ratio and benchmark return gap magnitudes are mostly similar across the Mid Cap and Large Cap stock market capitalization styles. However, for small cap stock funds the value-weighted expense ratios average 45 basis points but non-expense ratio operating costs are only 12 basis points. This difference suggests that scale mitigates adverse price impacts and other illiquidity costs associated with large trades in small stocks. 
While benchmark return gaps and expense ratios are similar, the distributions around the means are not. All Funds expense ratios vary from zero to 2.94% whereas the minimum annual return gap is -16.06% and the maximum is 17.55%. These extreme values appear inconsistent with the index fund investment objective of matching the returns on a benchmark index and suggest the continued presence of tracking errors despite our extensive data-cleaning exercises. To avoid losing valuable information and potentially biasing our results, we do not initially remove the remaining extreme observations from our sample but utilize multiple robust methods and alternative data-cleaning filters in subsequent analysis. 
The annual return gap distributions are comparable across the four samples. For instance, the minimums range from -15.96% to -16.06% and the maximums are from 17.33% to 17.55%. The similar distributions are interesting because they are inconsistent with higher operating costs arising from small- and mid-cap stock liquidity constraints.
[bookmark: _Hlk90214241][bookmark: _Hlk38087149]The mean fund size and family size are about $4.6 billion and $79.0 billion for the All Funds sample. The statistics demonstrate the presence of a few large funds as the maximum fund size is more than twice the 99th percentile value. Likewise, the family size at the 99th percentile is slightly more than $792 billion whereas the 75th magnitude is almost $51 billion, an order of 15 times. Vanguard, representing the 99th percentile, is unique in terms of offerings, scale, and ownership structure, so we consider its impact in our analysis. Industry size ranges from 0.003 to 0.3052 in the All Funds and Large Cap Funds samples, reflecting the growth the U.S. mutual fund assets under management over time.[footnoteRef:8]  [8:  Because most early index funds tracked the S&P 500 index and our data cleaning procedures, in some of the earlier years of the sample there are no small- or mid-cap index funds, hence the differences in the industry size statistics. ] 


4. Empirical Results
[bookmark: _Hlk35503075]In this section, we begin our analysis by estimating trading costs following Equation (3).  We then present the evidence on the returns to scale in trading costs. Our last analysis examines whether trading costs impact investors’ fund flows into index mutual funds.

4.1. Estimating Trading Costs
Index funds with considerable assets under management, such as those offered by Vanguard, are natural lenders of securities because they own large positions and follow buy-and-hold investment strategies, thereby reducing recall risk to borrowers (D’Avolio 2002, Duffie, Gârleanu, and Pedersen 2002). Evans, Ferreira, and Porras Prado (2017) report that 67% of index funds lent securities in 2008, which is a substantial increase from 14% in 1997. Because securities lending (SL) can generate income that offsets trading costs, we begin our empirical analysis by examining the magnitude of SL returns. To do so, we hand-collect a subsample of SL returns for index funds. These data are obtained from the annual and semi-annual Certified Shareholder Reports as well as Forms N-CSR and N-CSRS, which are in the SEC’s EDGAR database. The data cover the period 2003–2010 and include 863 fund-year observations.
Table 2 reports mean index fund securities lending returns, computed as the ratio of annual securities lending dollar income to fund total net assets, by fund size quintiles. Blocher and Whaley (2016) report differing lending fees based on market capitalization, thus columns 1–4 provide returns for the overall sample, Small-cap, Mid-cap, and Large-cap stock funds, respectively. In the all-funds sample, the mean annual securities lending return is economically small at about 3 basis points with minimal variation by fund size. Reflecting short sellers’ demand for less liquid small-cap stocks, Column 2 reports average annual securities lending returns for small cap stock index funds of about 8 basis points, ranging from 4 to 13 basis points in the third and largest quintiles. The mean annual securities lending return for mid-cap funds is about 6 basis points, with funds in the first size quintile earning about 4 basis points and funds in the largest fund size quintile earning 10 basis points. For large-cap stocks, which are typically in abundant supply, the average fund earns about 1 basis point per year while the largest funds earn about 2 basis points per year. The findings suggest that controlling for fund style, larger funds generate more lending income per dollar managed that smaller funds. 
Table 3 presents annual cost estimates for our sample of index funds. Panel A provides the number of observations and trading costs estimates for all funds (columns 1-3), small cap stock funds (columns 4-6), mid cap stock funds (columns 7-9), and large cap funds (columns 10-12). Trading costs are computed using the overall mean securities lending income (SL) and fund size quintile averages from Table 2. Specifically, the estimated SL returns for each fund are the market capitalization style and fund size quintiles intersected averages from Table 2 that correspond to each fund. For example, the largest small, mid, and large cap index funds (i.e., those in Quintile 5) are assigned securities lending income values of 13, 10, and 2 basis points. SL data are reported yearly, so we annualize the observed monthly gross return gaps to report annual trading cost estimates. We confirm our securities lending income estimates against Morningstar Direct, which begins reporting lending data in 2018.
Given that securities lending income values in Table 2 are economically small compared to the observed return gaps in Table 1, the trading costs reported in Table 3 are minimally affected by securities lending income. The mean and median trading costs across all funds are 51 and 56 basis points (columns 2 and 3). Segmenting the trading costs by quintiles indicates a strong negative relation to fund size. The largest trading costs are incurred by the smallest funds with an annual mean (median) of 93 (91) basis points. The lowest mean (median) trading costs are found in the fourth quintile and are 29 (33) basis points. The mean (median) difference in estimated trading costs between the smallest and largest quintiles is a statistically and economically significant 59 (37) basis points per annum. Panel A also reports that small cap funds exhibit small minus large fund size quintile trading cost mean and median differences of 151 and 171 basis points compared to 45 and 63 basis points for large cap stock funds. In contrast, trading cost differences in mid cap stock funds while economically large, are not statistically different. Panels B and C provide results for family and industry size quintiles. The family size results in Panel B are similar to the fund size results in Panel A. In contrast, the industry size results in Panel C are inconsistent across the mean and median tests.
As previously discussed, we employ multiple filters to remove funds and fund observations whose returns are not well captured by their benchmark indexes. A potential concern with our approach is that filter choices could have undue influence on the results. Consequently, Panel D reports results for all funds using the raw matched CRSP-Morningstar index fund sample of funds that are least two years old in Columns 1-3. While the magnitudes of the raw sample trading costs (mean and median values of 128 and 84 basis points) are larger than in our main sample, the differences in trading costs across the smallest and largest fund size quintiles are comparable. Panel D also reports results using filters obtained from regressing funds’ returns on their benchmark index returns. Columns 4-12 present results for funds filtered by their R2 and beta values. For example, Columns 4-6 report results for funds whose regressions yield R2 values greater than 90% and benchmark index betas ranging from 0.9 to 1.1. The first and fifth quintile differences in trading costs obtained from the regressions-based filters in Panel B are mostly similar in magnitude to those obtained from our rules-based filters in Panel A (columns 2 and 3). The exceptions are the mean (median) differences of 165 (178) basis points for most stringent filters in columns 11 and 12 (R2 >99% and 0.99<beta<1.01). Thus, observed trading costs economies of scale are largest in funds with an exceptionally tight time series with their benchmark index (i.e., little to no benchmarking and measurement errors). 
	Table 3 shows positive economies of scale in index fund trading costs across numerous filtering regimes thereby mitigating concerns that the results are artifacts of data cleaning choices. While the regressions-based filters provide the strongest results, in subsequent analysis we employ the rules-based filters used in Panel A for two reasons. First, because the OLS loss function is especially sensitive to outliers, a single errant monthly observation can have a large influence on a fund’s estimated R2 and beta values. This means that the regression-based approach can throw out an index fund with even one large measurement or tracking error in the sample.  This is especially problematic for smaller small-cap index funds where it is costly to hold all the securities in the benchmark index (e.g., the Russell 2000) and where measurement errors are occasionally large.  Thus, the regressions-based filters throw out valuable information and, by dropping funds holding more costly to externally trade securities, lead to results that may not be generalizable. Second, the rules-based approach is more conservative as it yields larger standard errors which bias against finding significant results. Nevertheless, it is important to note that the subsequent analysis is robust to filtering choice. 

4.2. Returns to Scale 
We next examine the underlying causes for fund-level positive trading cost economies of scale reported in Table 3. Larger funds have more resources and are better able to exploit dark trading pools, negotiate lower brokerage commissions, and purchase costly sophisticated trade management software and systems. Similarly, larger fund complexes can employ scale to benefit all their fund offerings regardless of individual fund size. More importantly, funds within large families can avoid trading costs altogether because of the netting out of trades. Even when there is not a great amount of cross-trading between family index funds, it can occur between actively and passively managed family funds. On any given trading day, some family funds are buying securities and other family funds are selling the same securities. The fund family can instruct the custodian bank to net out the positions rather than place trades with brokers and incur commissions, bid-ask spreads, and liquidity costs. In this case, the family only incurs trading costs when buy and sell orders are out of balance. As fund family size increases, its holdings across all funds begin to replicate the overall securities market and average trading costs approach zero. In addition to fund and family size, competition among brokers and innovations that lower expenses may increase, thereby lowering fund trading costs as industry size increases.
In addition to the size of the fund or family, trading costs may vary by the level of liquidity in the underlying stocks. Prior studies find that there are decreasing returns to scale in actively managed funds and the promoted hypotheses are typically motivated by liquidity constraints. For instance, Chen et al. (2004) and Yan (2008) find an adverse effect of size on performance that is more pronounced in small-cap funds. They interpret their findings as support for the hypothesis that fund size erodes performance because of liquidity constraints. Chan and Lakonishok (1995) and Busse et al. (2021) find that investment style is a significant determinant of transaction costs in actively managed funds with more difficult to trade stocks (e.g., small-cap and lower-priced stocks) incurring higher costs. To examine if funds incur differing trading costs due to the market capitalizations of the underlying investments, we add binary variables to our equations that equal one if a fund invests in small or mid cap stock funds and zero otherwise (the holding out group is large cap funds). We also add Small Cap and Mid Cap style interactions with fund size. 
Another aspect we consider is a potential Vanguard effect.  Berk and van Binsbergen (2015) note that Vanguard funds are large and widely regarded as the least costly method to hold well-diversified portfolios.[footnoteRef:9] Vanguard enjoys substantial negotiation power, internal crossing opportunities, and the ability to amortize fixed costs across a large asset base. Because Vanguard accounts for a significant amount of the assets under management in our sample, it is possible full sample estimated coefficients will simply reflect a Vanguard effect that is due to large size and low costs. Put differently, because all Vanguard funds are large funds and incur low trading costs, fund size may not be related to trading costs when including them in the sample.  [9:  Kacperczyk et al. (2008) report that Vanguard 500 exhibits a positive difference between their  and  (return gap) of a positive 0.66 bps per month or 8 basis points per annum, whereas other index funds have an average gap of negative 23 basis points annually.] 

We test whether lower trading costs are attributable primarily to fund, family, or industry scale. We find evidence of tracking errors in the summary statistics, so we diminish their impact by trimming and down-weighting extreme trading costs. In addition to our main OLS specifications, we report our findings after dropping the most extreme 1% multivariate outliers. Dropping levels are inherently arbitrary, so we also employ outlier-robust regressions that down-weight the influence of the extreme values. Specifically, we use an MM-estimator and obtain an 85% efficiency level using the Hausman test to produce coefficient estimates that are unbiased by errors (Adams et al. 2019). 
Table 4 presents the parameter estimates obtained from regressing monthly trading costs on fund size, family size, and industry size across the three models. Columns 1–3 and 4–6 report results with and without Vanguard funds. Consistent with a Vanguard effect, fund size is insignificant in columns 1–3 but negative and both economically and statistically significant in columns 4–6. Using the most conservative value of negative 0.0228 in Column 6, a one-standard-deviation increase in fund size (without Vanguard funds) is associated with an annual 8 basis points decrease in trading costs or about a 14% reduction from the 55 basis points mean trading cost (without Vanguard funds). 
The results show that the family size estimated coefficients are negative and statistically significant, which indicates fund trading costs decrease as family size increases (i.e., positive returns to family scale). Economically, a one-standard-deviation increase in family size of $158.9 billion is associated with a decrease in trading costs of about $111 million (a 0.07% decrease per each additional dollar managed). In contrast, the industry size coefficients are statistically insignificant. 
The results in Table 4 also exhibit positive economies of scale (negative coefficient estimates) for larger funds that invest in small-cap stocks (Small Cap  Fund Size). Across all models, the coefficients are negative indicating that larger funds are better able to mitigate the illiquidity constraints and higher costs associated with trading small caps. Using the OLS estimate of negative 0.4251 in Column 1, the savings in trading costs is approximately 43 basis points annually for a one standard deviation increase in the Small Cap fund size.
In sum, the evidence in Table 4 suggests that operating efficiencies associated with family-level scale are responsible for trading costs positive economies of scale but that there is a Vanguard effect in trading costs in that fund scale is important for those not named Vanguard. Put differently, Vanguard has accomplished the objective with respect to trading costs that other funds and families should model—obtaining greater assets under management to reduce total operating costs.

4.3. Trading Costs over Time
On April 6, 2005, the SEC adopted Regulation NMS (National Market System), a series of rules designed to modernize the regulatory structure of the U.S. equity markets. To increase the transparency of the markets and address a concern that certain market participants step ahead of displayed orders for trivial amounts, the SEC included Rule 612, known as the Sub-Penny Rule. Under this Rule, market participants are prohibited from displaying any quotations in increments smaller than $0.01 unless the quotation is for less than $1.00, in which case the minimum price variation may be $0.0001. Thus, there is a discrete change in the minimum spread for orders on exchanges when stock prices fluctuate around $1.00. Recent research by Kwan, Masulis, McInish (2015) explore the effect of Rule 612 on market exchanges. They argue that the rule has incentivized funds to employ dark pools to potentially reduce trading costs.
Table 5 presents evidence on trading costs before and after the implementation of Regulation NMS. Panel A provides mean and median trading cost estimates for the overall sample and by fund size quintile for observations occurring before the tick size change in Columns 1-3 and afterwards in Columns 4-6. Panel A also provides differences in trading costs before and after the tick size change in Columns 7 and 8. Panel A reports that mean (median) annual trading costs overall declined by 16 (49) basis points following Rule 612. Likewise, trading costs for each fund size also declined although only the median declines are statistically significant. In terms of trading cost differentials across the smallest and largest fund size quintiles, Columns 5 and 6 report significant differences after, but not before, the tick size change. 
Panel B of Table 5 provides parameter estimates obtained by regressing monthly trading costs on fund size, family size, industry size, fund style, fund style interactions with fund size, a dummy variable to capture observations occurring post 2005 (Post 2005), and the interaction of the Post 2005 dummy and fund size (Post 2005  Fund Size). Similar to the results on Table 4, Table 5 reports negative family size and the Small Cap  Fund Size coefficient estimates. The negative and significant Post 2005 dummy coefficient indicates a decline in average trading costs following the minimum tick size change. However, the tick size change does not appear to have altered the trading cost and scale relation as the Post 2005  Fund Size interaction is insignificant. 

4.4. Additional Information
We next consider correlates of trading costs to provide additional evidence on the nature of the scale-trading cost relation. While they are not direct channels, we examine four mutual fund characteristics that are potentially associated with trading costs. The first is the expense ratio. It is reasonable to assume that index funds with lower cost structures have both lower expense ratios and lower trading costs. The second characteristic is sales loads. Funds can charge sales loads to some investors (share classes) and to the extent that these charges create buy and hold incentives, funds that charge loads may experience fewer redemptions and, as a result, lower trading costs. The third attribute is fund age. All else held equal, a new index fund may find it difficult to obtain new fund flows given the prominence and low costs of established funds such as the offerings from Vanguard. Thus, to be competitive, a new fund may require better operational skill to become an older fund—a skill that may translate into lower trading costs. The fourth is fund turnover. The literature commonly uses turnover as a proxy for trading costs (e.g., Elton et al. 1993, Dahlquist, Engström, and Söderlind 2000, Chen, Narasimhan, and Wermers 2000). However, Chalmers, Edelen, and Kadlec (2001) point out that turnover captures the frequency of trading but not the cost per trade, so it is unlikely to be a reliable proxy for total trading expenses. Consistent with this conjecture, they find that trading costs (i.e., brokerage commissions and average spreads between are negatively related to raw and risk-adjusted returns while turnover is not). However, to the extent bargaining power can affect commissions and bid-ask spreads, it is possible that turnover impacts trading costs.
We posit that the bargaining power that obtains reduced commissions and the cross-trading to eliminate commissions altogether as well as bid-ask spreads and adverse price impacts, are functions of scale. Likewise, expense ratios, sales loads, fund age, and turnover are functions of or correlated with scale. Regarding expense ratios, fund costs such as transfer agency fees, accounting and audit fees, and directors’ fees are largely fixed in dollar terms, hence, expense ratios will inversely correlate with fund size. Elton, Gruber, and Busse (2004) examine S&P 500 index funds and find that expense ratios are negatively correlated with differential returns (the return gap between an index fund and the unmanaged S&P 500 index), implying that the ability to reduce reported operating costs (fees) may extend to unreported trading costs.  Reduced sales loads can increase fund size due to lower costs to investors. Becoming an older fund will coincide with becoming a larger fund. In our sample, the largest 20% of funds have a mean age of 235 months whereas the smallest 20% is 107 months. 
We confirm these collinear relationships by computing the univariate correlations between fund size, expense ratios, sales loads, fund age, and turnover. Table 6 reports the magnitudes with column 1 detailing the correlations between fund size and the other factors. Each correlation is significant at the 1% level. We then regress the residual trading costs from column 1 in Table 4 (full sample including Vanguard) to determine if these indirect channels contain any supplementary information.[footnoteRef:10] Table 7 reports the results. The specifications in columns 1–3 omit turnover as a possible determinant because we lose approximately 20% of our sample with its inclusion. Columns 4–6 report the three models with turnover included. Fund age is the age of the oldest share class. Expense ratio, Load, and Turnover are share class TNA weighted averages.  [10:  Given these multicollinearity problems, it is not surprising that in unreported regressions including the four additional channels and the specifications in Table 5 that we find almost all the independent variables, including fund size, are insignificant.] 

The results in Table 7 indicate that expense ratios are the sole significant independent variable. The positive coefficients suggest that funds with lower expense ratios also have lower trading costs, consistent with a positive relation between reported and unreported operating costs separate from scale. This may reflect differential abilities to operate at scale which is consistent with operational skill as suggested by Crane and Crotty (2018). However, fund age is a proxy for operational skill in that age is an outcome of operational skill in competitive markets, and yet it is insignificantly related to residual trading costs. It is also possible that scale allows boards of directors, via higher director compensation, to simultaneously better monitor trading costs and to negotiate lower management, custodial, auditing, and other fees thereby resulting in a positive relation between trading cost residuals and expense ratios. This internal governance channel is related to fund operating skill in that boards also monitor operating performance (Adams, Mansi, and Nishikawa, 2010). Likewise, expense ratios reflect competitive pricing in the index fund market. That is, index fund expense ratios do not necessary cover operating costs if families subsidize management costs. Turnover is insignificantly related to residual trading costs with slope coefficients that are economically zero, consistent with scale mitigating increasing turnover related trading costs. Overall, the results in Table 7 are consistent with scale being a first-order effect on trading costs.   

4.5 Future Fund Flows 
The negative relation between scale (fund and family) and trading costs in the results thus far provide evidence of positive economies of scale. It is also possible that index funds and families become larger by being more skilled at mitigating transaction costs. The ability to mitigate transaction costs could cause some index funds to be larger and manage more monies. In this case, we would observe a negative relation between trading cost and size even if there are no positive returns to scale. However, this seems unlikely because scale is a necessary first order component of skill. For example, negotiating lower trading commissions may be a skill, but negotiating efforts absent scale are unlikely to yield meaningful cost reductions. Likewise, scale is a prerequisite to deploying the skills necessary to operate costly trading systems and engage in family cross-trading. Thus, we argue that trading skill, if it exists, is a derivative of scale. 
Our argument is consistent with Vanguard’s history of assets under management growth. Bogle (2017) points out that Vanguard first achieved scale by offering diversification and market access at lower costs than actively managed fund providers. The lower expense ratios charged by Vanguard attracted flows because their index funds offered, on average, higher after-fee performance than actively managed funds. The resulting scale enabled Vanguard to lower trading costs via the aforementioned channels. Vanguard may have more skill at mitigating trading costs than smaller fund families, but scale facilitates Vanguard’s skill advantage. 
[bookmark: _Hlk90216249]We test the possibility that scale is the outcome of trading skill by examining whether trading costs affect future flows (i.e., if lower trading costs are associated with future inflows). Table 8 reports OLS coefficient estimates from regressing future monthly fund flows (estimated as the percentage change in monthly fund size less monthly fund return) on trading costs, expense ratios, and scale. We do not employ fixed effects or recursive demeaning approaches to account for potential variations in trading skill across funds or families for three reasons. First, using fixed effects can lead to an attenuation bias if trading costs respond to sustained, but not transitory, changes in fund and family sizes because the meaningful, sustained variation is largely removed by fund and family fixed effects (McKinnish 2008). Put differently, fixed effects capture scale – the main dimension by which index funds and families vary with respect to trading costs. Second, fixed effects estimation requires within-fund and within-family variations in size to disentangle any skill component from the scale component of trading costs. Because index fund market share varies little from month to month, fixed effects can become highly correlated with scale (Gormley and Matsa 2014). Finally, the economics of trading costs do not suggest skill plays an independent role. 
Columns 1–3 report full sample estimates, estimates when dropping 1% of the sample’s most extreme observations, and outlier-robust coefficient estimates. For all three columns, trading costs are negatively, but insignificantly, related to future fund flows. This, combined with our prior tests, is strong evidence in support of positive economies of scale in trading costs and against the notion that trading skill significantly drives funds flows and scale. Consistent with index fund history, Table 8 provides compelling evidence that lower expense ratios lead to more fund inflows. The expense ratio estimated coefficients are negative, economically large, and statistically significant in the full sample (Columns 1) and outlier mitigated regressions (Columns 2 and 3). The estimated coefficients on fund size are negative and significant, consistent with the mechanical relation between size and flows measured as a percentage of fund size. More interestingly, the estimated coefficients on family size are positive and significant, evidence that investors prefer the diversification opportunities provided by larger fund complexes and lower investor search costs when families are bigger (Hortaçsu and Syverson 2004). Table 8 also reports industry size is negatively related to future fund flows, evidence consistent with increased competition for flows. Overall, the results presented in Table 8 are consistent with the argument that salient operating costs (i.e., expense ratios) attract flows that lead to larger sizes, and larger sizes lead to lower trading costs. 

5. Conclusion 
Mutual fund investors are concerned with overall net risk-adjusted returns and not individual transaction costs. Yet, the literature has focused primarily on the various components of implicit and explicit transactions costs. In this paper, we investigate the role that trading costs play in index mutual fund returns. Our results show that funds in larger families incur lower net trading costs, consistent with scale-enhanced intra-family zero-cost asset trading capabilities. These findings highlight the importance of distinguishing between externally traded transaction costs and the net trading costs investors pay. We also find fund- level positive returns to scale, especially for those holding illiquid assets, suggesting that size facilitates the acquisition of costly technologies and access to specialized trading opportunities that lower trading costs. 
Our findings seem in contrast to the extant literature.  Berk and Green (2004) postulate that managers face increasing marginal costs on monies they actively manage (e.g., execution cost, bid-ask spreads, and price impacts from large trades). There is a multifaceted implication of positive economies of scale at the fund level. The work of Berk and Green (2004) includes a component of indexing within actively managed funds. According to their model, there is an optimal level of actively managed assets and the excess is invested in a passive benchmark. The portion that is passively managed increases as the fund grows. Thus, there is a confounding effect in larger actively managed funds. Managers are increasing challenged to find new positive NPV investments as the fund grows, which can cause diseconomies of scale. Conversely, positive economies of scale in the index-like passive portion of the portfolio may offset the investment diseconomies, which results in an unknown net effect. This may be an important explanation for why the literature does not consistently find diseconomies of scale in actively managed funds (Adams, Hayunga, and Mansi 2021). 
However, we are careful to emphasize that our index fund results do not necessarily hold for actively managed funds. Our findings of positive economies of scale are distinct from many papers documenting negative scale economies in actively managed funds. Keim and Madhavan (1997) find that larger trades incur larger per unit transaction costs, suggesting that larger funds incur higher transaction costs. Consistent with this reasoning, Chen et al. (2004) and Yan (2008) find that actively managed fund size erodes performance. Busse et al. (2021) do find actively managed fund size is negatively related to realized transaction costs, but it is because larger funds trade less frequently and favor holding larger and more liquid company stocks to avoid higher trading costs. Put differently, larger funds tend to hold and trade more liquid, and less costly to trade, stocks than do smaller funds. Given the extant literature, one might expect to find that, for index funds following the same benchmark, larger funds would incur greater trading costs than smaller funds. That we find the opposite, that larger funds incur lower trading costs, appears inconsistent with prior literature.  
We posit several reasons why our results differ from expectations. First, to our best knowledge, we are the first to explicitly consider how internal crossing opportunities affect trading costs. Prior literature on actively managed funds has mostly considered transaction costs (i.e., trade by trade costs) whereas we estimate the overall effect of trading costs on shareholder returns (i.e., fund level costs). Due to internal crossing opportunities, transaction costs arising from external trades overestimate realized index fund trading costs. Because family trading desks handle the trades for actively and passively managed funds, internal crossing likely lowers fund level trading costs for actively managed funds also.  How much internal crossing lower actively managed fund trading costs is an open question for future research. One hypothesis is that there may be fewer opportunities to internally cross trades in actively managed funds, since active funds can emphasize more obscure stocks that are not included (or weighted the same) in the benchmark used by passively managed funds. Another hypothesis is that the benchmarks tracked by index funds are value weighted so they emphasize larger stocks within each capitalization or style category. That is, they are tilted towards the largest (and most liquid) small cap, mid cap, and large cap stocks where trading costs are lower. 

Overall, our findings imply bigger is better for the efficient allocation of passive investment capital. 
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Descriptive Statistics
This table presents annual statistics for our full sample and when segmented by market capitalization (Small Cap, Mid Cap, and Large Cap). The data cover the period March 1993 through December 2016. Annual return gaps are the annualized (multiplied by 12) monthly returns on the benchmark index portfolio less the gross monthly mutual fund returns (monthly reported net returns plus 1/12 of the annual expense ratio). Fund Size is the portfolio-level TNA at the end of the previous month (inflated to 2016 values using the total market capitalization of stocks in the CRSP stock database). Family size is the sum of Fund Size for each fund complex. Industry size is the TNA of all mutual funds divided by the market capitalization of all CRSP stocks.

	
	
	
	Percentiles

	
	Obs.
	Mean
	St. Dev.
	Minimum
	1%
	25%
	50%
	75%
	99%
	Maximum

	All Funds
	
	
	
	
	
	
	
	
	
	

	   Annual Return Gap
	9,868
	0.0049
	0.0444
	-0.1606
	-0.1333
	-0.0159
	0.0053
	0.0262
	0.1419
	0.1755

	Expense Ratio
	9,868
	0.0049
	0.0041
	0.0000
	0.0002
	0.0020
	0.0040
	0.0058
	0.0197
	0.0294

		Fund Size ($ Billions)
	9,868
	4.5838
	17.3333
	0.0150
	0.0204
	0.3196
	0.9720
	2.9641
	92.9803
	207.3004

		Family Size ($ Billions)
	9,868
	79.0484
	158.8617
	0.0150
	0.2448
	10.1246
	24.4128
	50.9924
	792.3676
	836.2727

		Industry Size
	9,868
	0.2175
	0.0613
	0.0030
	0.0622
	0.1736
	0.2199
	0.2805
	0.3015
	0.3052

	Small Cap Stock Funds
	
	
	
	
	
	
	
	
	
	

	Annual Return Gap
	1,382
	0.0054
	0.0499
	-0.1606
	-0.1421
	-0.0048
	0.0030
	0.0182
	0.1589
	0.1733

	Expense Ratio
	1,382
	0.0072
	0.0055
	0.0000
	0.0009
	0.0031
	0.0049
	0.0101
	0.0205
	0.0294

		Fund Size ($ Billions)
	1,382
	0.6675
	0.8374
	0.0152
	0.0180
	0.0966
	0.3010
	1.0403
	3.1336
	3.5616

		Family Size ($ Billions)
	1,382
	48.8233
	153.5410
	0.1524
	0.6301
	6.0337
	13.8420
	25.1057
	815.0540
	836.2727

		Industry Size
	1,382
	0.2218
	0.0624
	0.0030
	0.0823
	0.1793
	0.2288
	0.2826
	0.3015
	0.3052

	Mid Cap Stock Funds
	
	
	
	
	
	
	
	
	
	

	Annual Return Gap
	898
	0.0066
	0.0784
	-0.1600
	-0.1547
	-0.0497
	0.0028
	0.0618
	0.1672
	0.1755

	Expense Ratio
	898
	0.0073
	0.0058
	0.0006
	0.0006
	0.0040
	0.0050
	0.0074
	0.0250
	0.0286

		Fund Size ($ Billions)
	898
	0.7569
	1.0864
	0.0150
	0.0162
	0.1278
	0.4634
	0.6567
	4.0625
	4.1473

		Family Size ($ Billions)
	898
	106.1758
	196.7227
	0.3959
	0.4652
	11.8912
	21.8433
	99.2915
	825.7027
	836.2727

		Industry Size
	898
	0.2528
	0.0408
	0.1364
	0.1616
	0.2125
	0.2745
	0.2871
	0.3015
	0.3052

	Large Cap Stock Funds
	
	
	
	
	
	
	
	
	
	

	   Annual Return Gap
	7,588
	0.0046
	0.0372
	-0.1596
	-0.0912
	-0.0160
	0.0063
	0.0256
	0.1086
	0.1734

	Expense Ratio
	7,588
	0.0042
	0.0032
	0.0000
	0.0002
	0.0018
	0.0039
	0.0055
	0.0154
	0.0197

		Fund Size ($ Billions)
	7,588
	5.7499
	19.6107
	0.0150
	0.0302
	0.5102
	1.3745
	3.7790
	126.4767
	207.3004

		Family Size ($ Billions)
	7,588
	81.3429
	153.9344
	0.0150
	0.1272
	11.9974
	30.8837
	54.2912
	736.7610
	815.0540

		Industry Size
	7,588
	0.2126
	0.0617
	0.0030
	0.0612
	0.1662
	0.2131
	0.2689
	0.3015
	0.3052



[bookmark: _Hlk59436041]Table 2
Annual Securities Lending Returns
This table reports potential returns to scale from securities lending (SL). SL returns are computed as the ratio of annual SL income to the average of the TNA average reported in the annual (N-CSR) and semi-annual (N-CSRS) certified shareholder reports. The fund size across quintiles is the portfolio-level TNA at the end of the previous month, inflated to 2016 values using the total market capitalization of stocks in the CRSP stock database. Using Morningstar classifications, Columns 2, 3, and 4 report the returns segmented by the market capitalization (Small Cap, Mid Cap, and Large Cap) of the firms invested in by the funds. The t-statistics for the differences in the largest and smallest quintiles are reported in parentheses. The t-statistics in parentheses are adjusted for clustering at the Morningstar styles and year levels. The sample covers the period 2003–2010. The asterisks ** and *** denote p-values <0.05 and <0.01, respectively

	
	All 
Funds
	Small Cap 
Stock Funds
	Mid Cap 
Stock Funds
	Large Cap 
Stock Funds

	
	(1)
	(2)
	(3)
	(4)

	All Funds
	0.0003
	0.0008
	0.0006
	0.0001

	
	
	
	
	

	Quintile 1 – Smallest Funds
	0.0004
	0.0009
	0.0004
	<0.0001

	Quintile 2
	0.0003
	0.0006
	0.0006
	0.0001

	Quintile 3
	0.0003
	0.0008
	0.0004
	0.0002

	Quintile 4
	0.0003
	0.0007
	0.0006
	0.0002

	Quintile 5 – Largest Funds
	0.0004
	0.0013
	0.0010
	0.0002

	
	
	
	
	

	Smallest – Largest
(t-statistic)
	< -0.0001
(0.04)
	-0.0004
(1.46)
	-0.0006**
(2.73)
	-0.0002***
(5.40)




Table 3
Annual Trading Costs
This table reports mean and median estimates of annual trading costs using Equation (3). The securities lending (SL) income used in estimating trading costs are weighted averages using the SL returns in Table 2 based on the market capitalization of the underlying equities for the portfolio of funds that fit within each quintile. Trading costs are computed using monthly data, which we annualize to combine with the SL income that is obtained from annual and semi-annual certified shareholder reports. Panel A provides estimates for all funds (columns 1-3), small cap stock funds (columns 4-6), mid cap stock funds (columns 7-9), and large cap funds (columns 10-12) segmented by fund size quintiles. Panels B and C segment by family and industry size quintiles. Panel D reports values for all funds without fund style, fund name, and multivariate outlier filters (columns 1-3) and for R2 and beta filters obtained from regressing monthly fund returns on benchmark indexes (columns 4-12). The asterisks *** and ** denote p-values <.01 and 0.05

Panel A: Fund Size, Trading Costs and Fund Style 

	
	All Funds
	Small Cap Stock Funds
	Mid Cap Stock Funds
	Large Cap Stock Funds

	
	OBS.
	MEAN
	MEDIAN
	OBS.
	MEAN
	MEDIAN
	OBS.
	MEAN
	MEDIAN
	OBS.
	MEAN
	MEDIAN

	
	(1)
	(2)
	(3)
	(4)
	(5)
	(6)
	(7)
	(8)
	(9)
	(10)
	(11)
	(12)

	All Funds
	9,868
	0.0051
	0.0056
	1,382
	0.0062
	0.0038
	898
	0.0071
	0.0034
	7,588
	0.0047
	0.0064

	Quintile 1 – Smallest Funds
	1,809
	0.0093
	0.0091
	234
	0.0142
	0.0180
	175
	0.0107
	0.0098
	1,493
	0.0074
	0.0108

	Quintile 2
	1,976
	0.0061
	0.0071
	252
	0.0107
	0.0039
	161
	0.0115
	0.0079
	1,505
	0.0043
	0.0066

	Quintile 3
	2,013
	0.0044
	0.0047
	286
	0.0057
	0.0082
	188
	0.0058
	0.0029
	1,518
	0.0042
	0.0060

	Quintile 4
	2,030
	0.0029
	0.0033
	312
	0.0036
	0.0028
	189
	0.0046
	0.0050
	1,546
	0.0047
	0.0064

	Quintile 5 – Largest Funds
	2,040
	0.0035
	0.0054
	298
	-0.0009
	0.0009
	185
	0.0038
	0.0010
	1,526
	0.0029
	0.0045

	Smallest – Largest
(t-statistic)
	
	0.0059***
(3.92)
	0.0037***
(3.33)
	
	0.0151***
(2.91)
	0.0171***
(7.09)
	
	0.0069
(0.85)
	0.0088
(0.95)
	
	0.0045***
(3.34)
	0.0063***
(5.16)



Panel B: Family Size, Trading Costs and Fund Style 
	
	All Funds
	Small Cap Stock Funds
	Mid Cap Stock Funds
	Large Cap Stock Funds

	
	OBS.
	MEAN
	MEDIAN
	OBS.
	MEAN
	MEDIAN
	OBS.
	MEAN
	MEDIAN
	OBS.
	MEAN
	MEDIAN

	
	(1)
	(2)
	(3)
	(4)
	(5)
	(6)
	(7)
	(8)
	(9)
	(10)
	(11)
	(12)

	Quintile 1 – Smallest Families
	1,974
	0.0078
	0.0090
	277
	0.0174
	0.0207
	180
	0.0128
	0.0126
	1,518
	0.0053
	0.0079

	Quintile 2
	1,974
	0.0050
	0.0062
	276
	0.0058
	0.0068
	180
	0.0083
	0.0029
	1,518
	0.0054
	0.0069

	Quintile 3
	1,974
	0.0046
	0.0051
	277
	0.0035
	0.0031
	179
	-0.0032
	-0.0101
	1,519
	0.0048
	0.0073

	Quintile 4
	1,974
	0.0042
	0.0052
	276
	0.0050
	0.0033
	180
	0.0199
	0.0126
	1,516
	0.0046
	0.0055

	Quintile 5 – Largest Families
	1,972
	0.0040
	0.0035
	276
	-0.0009
	0.0000
	185
	0.0050
	0.0014
	1,517
	0.0034
	0.0049

	Smallest – Largest
(t-statistic)
	
	0.0039**
(2.55)
	0.0055***
(4.80)
	
	0.0183***
(3.39)
	0.0207***
(8.43)
	
	0.0078
(0.97)
	0.0088
(0.95)
	
	0.0018
(1.33)
	0.0030**
(2.30)


Panel C: Industry Size, Trading Costs and Fund Style 
	
	All Funds
	Small Cap Stock Funds
	Mid Cap Stock Funds
	Large Cap Stock Funds

	
	OBS.
	MEAN
	MEDIAN
	OBS.
	MEAN
	MEDIAN
	OBS.
	MEAN
	MEDIAN
	OBS.
	MEAN
	MEDIAN

	
	(1)
	(2)
	(3)
	(4)
	(5)
	(6)
	(7)
	(8)
	(9)
	(10)
	(11)
	(12)

	Quintile 1 – Smallest Industry
	1,997
	0.0039
	0.0022
	278
	0.0082
	0.0071
	182
	-0.0019
	0.0006
	1,542
	0.0036
	0.0021

	Quintile 2
	1,966
	0.0040
	0.0082
	278
	0.0045
	0.0043
	179
	0.0217
	0.0346
	1,536
	0.0037
	0.0058

	Quintile 3
	1,998
	0.0086
	0.0107
	276
	0.0046
	0.0036
	182
	-0.0057
	-0.0074
	1,510
	0.0091
	0.0127

	Quintile 4
	1,994
	0.0021
	0.0031
	277
	0.0080
	0.0030
	178
	0.0039
	0.0010
	1,497
	0.0027
	0.0038

	Quintile 5 – Largest Industry
	1,963
	0.0070
	0.0043
	273
	0.0065
	0.0020
	177
	0.0180
	0.0162
	1,503
	0.0045
	0.0048

	Smallest – Largest
(t-statistic)
	
	-0.0031**
(-2.14)
	-0.0021
(-1.75)
	
	0.0016
(0.39)
	0.0051***
(2.88)
	
	-0.0199**
(-2.51)
	-0.0156
(-1.60)
	
	-0.0009
(-0.59)
	-0.0027
(-1.94)



Panel D: Trading Costs Using Regression on Benchmark Filters
	
	Raw 
Sample
	R2 > 90% 
0.9< Beta < 1.1
	R2 > 95% 
0.95< Beta < 1.05
	R2 > 99% 
0.99< Beta < 1.01

	
	OBS.
	MEAN
	MEDIAN
	OBS.
	MEAN
	MEDIAN
	OBS.
	MEAN
	MEDIAN
	OBS.
	MEAN
	MEDIAN

	
	(1)
	(2)
	(3)
	(4)
	(5)
	(6)
	(7)
	(8)
	(9)
	(10)
	(11)
	(12)

	All Funds
	70,550
	0.0128
	0.0084
	35,841
	0.0100
	0.0078
	22,332
	0.0094
	0.0073
	1,785
	0.0068
	0.0044

	Quintile 1 – Smallest Funds
	14,110
	0.0136
	0.0124
	5,394
	0.0133
	0.0126
	2,457
	0.0122
	0.0127
	163
	0.0192
	0.0202

	Quintile 2
	14,110
	0.0160
	0.0120
	5,012
	0.0117
	0.0118
	3,261
	0.0138
	0.0121
	536
	0.0074
	0.0070

	Quintile 3
	14,110
	0.0134
	0.0097
	6,691
	0.0117
	0.0095
	3,668
	0.0113
	0.0096
	312
	0.0091
	0.0081

	Quintile 4
	14,110
	0.0126
	0.0071
	8,907
	0.0096
	0.0071
	5,907
	0.0077
	0.0063
	361
	0.0030
	0.0022

	Quintile 5 – Largest Funds
	14,110
	0.0084
	0.0047
	9,837
	0.0065
	0.0046
	7,039
	0.0067
	0.0050
	413
	0.0027
	0.0024

	Smallest – Largest
(t-statistic)
	
	0.0052**
(2.04)
	0.0037***
(8.28)
	
	0.0069***
(5.39)
	0.0080***
(9.02)
	
	0.0055***
(3.60)
	0.0077***
(7.66)
	
	0.0165***
(7.03)
	0.0178***
(12.72)




Table 4
Trading Costs, Scale, Liquidity, and Market Capitalization
This table reports estimates from regressing monthly trading costs on index fund scale and style with and without Vanguard funds. Columns 1 and 4 present OLS estimates, Columns 2 and 5 report OLS estimates after dropping of largest 1% of multivariate outliers, and Columns 3 and 6 provide outlier-robust regression coefficients. Trading costs are computed using Equation (3). Fund Size is the portfolio-level TNA at the end of the previous month (inflated to 2016 values using the total market capitalization of stocks in the CRSP stock database). Family size is the sum of the TNA of the sample funds within the fund family complex. Industry size is the TNA of all mutual funds divided by the market capitalization of all CRSP stocks. Small Cap and Mid Cap are binary variables capturing Morningstar-assigned fund styles. The t-statistics in parentheses are adjusted for clustering at the Morningstar sector and month levels. The asterisks ** and *** denote p-values <0.05 and <0.01, respectively.

	
	Including Vanguard
	Excluding Vanguard

	
	Full
Sample
	
Drop 1%
	Outlier-
Robust 
Regression
	Full
Sample
	
Drop 1%
	Outlier-
Robust 
Regression

	
	(1)
	(2)
	(3)
	(4)
	(5)
	(6)

	Fund Size
	-0.0001
	-0.0007
	-0.0004
	-0.0228***
	-0.0207***
	-0.0263***

	
	(-0.07)
	(-0.58)
	(-0.28)
	(-2.84)
	(-2.56)
	(-3.47)

	Family Size
	-0.0007***
	-0.0006***
	-0.0007***
	-0.0007***
	-0.0005
	-0.0008**

	
	(-3.29)
	(-2.62)
	(-2.74)
	(-2.71)
	(-1.90)
	(-2.20)

	Industry Size
	0.0016
	0.0022
	0.0019
	0.0016
	0.0021
	0. 0017

	 
	(0.87)
	(1.23)
	(0.96)
	(0.84)
	(1.17)
	(0.90)

	Small Cap
	0.0004
	0.0002
	0.0002
	0.0003
	0.0001
	0.0002

	 
	(1.58)
	(0.77)
	(1.37)
	(1.32)
	(0.57)
	(0.93)

	Mid Cap
	0.0004
	-0.0003
	0.0008
	0.0004
	-0.0003
	0.0008

	 
	(1.18)
	(-0.75)
	(1.17)
	(1.01)
	(-0.82)
	(1.05)

	Small Cap  Fund Size
	-0.4251***
	-0.3662***
	-0.3691***
	-0.4014***
	-0.3538***
	-0.3383***

	 
	(-3.00)
	(-2.82)
	(-3.69)
	(-2.84)
	(-2.75)
	(-3.35)

	Mid Cap  Fund Size
	-0.3482
	-0.2895
	-0.7649
	-0.3251
	-0.2730
	-0.7398

	 
	(-1.95)
	(-1.75)
	(-1.53)
	(-1.82)
	(-1.64)
	(-1.48)

	Intercept
	0.0001
	-0.0001
	0.0001
	0.0002
	-0.0000
	0.0002

	
	(0.21)
	(-0.20)
	(0.21)
	(0.36)
	(-0.03)
	(0.42)

	
	
	
	
	
	
	

	 R-Squared 
	0.37%
	0.44%
	0.36%
	0.35%
	0.42%
	0.34%

	 Observations
	9,868
	9,769
	9,868
	9,197
	9,105
	9,197




Table 5
Annual Trading Costs Before and After Tick Size Change (2005)
Panel A reports mean and median estimates of annual trading costs using Equation (3) for the period March 1993 through December 2005 (columns 1-3) and January 2006 through December 2016 (columns 4-6). Mean and median differences in trading costs before and after the implementation of Rule 612 (minimum tick size) in 2005 are reported in columns 7 and 8. Panel A provides estimates for all funds (columns 1-3), small cap stock funds (columns 4-6), mid cap stock funds (columns 7-9), and large cap funds (columns 10-12). Panel B reports estimates from regressing monthly trading costs on index fund scale and style with Vanguard funds where the variables of primary interest are Post 2005, a dummy capturing observations following 2005, and the interaction of Post 2005 and fund size (Post 2005 × Fund Size). Columns 1 presents OLS estimates, Column 2 reports OLS estimates after dropping of largest 1% of multivariate outliers, and Column 3 provides outlier-robust regression coefficients. Trading costs computed using Equation (3). Fund Size is the portfolio-level TNA at the end of the previous month (inflated to 2016 values using the total market capitalization of stocks in the CRSP stock database). Family size is the sum of the TNA of the sample funds within the fund family complex. Industry size is the TNA of all mutual funds divided by the market capitalization of all CRSP stocks. Small Cap and Mid Cap are binary variables capturing Morningstar-assigned fund styles.

Panel A: Trading Costs and Tick Size Change

	
	Before Tick Size Change
	After Tick Size Change
	

	
	
	DIFFERENCES

	
	OBS.
	MEAN
	MEDIAN
	OBS.
	MEAN
	MEDIAN
	MEAN
(t-statistic)
	MEDIAN
(t-statistic)

	
	(1)
	(2)
	(3)
	(4)
	(5)
	(6)
	(7)
	(8)

	All Funds
	5,294
	0.0059
	0.0084
	4,574
	0.0043
	0.0035
	0.0016
(1.81)
	0.0049***
(8.25)

	Quintile 1 – Smallest Funds
	1,040
	0.0088
	0.0112
	769
	0.0101
	0.0069
	-0.0014
(-0.52)
	0.0043**
(2.23)

	Quintile 2
	1,268
	0.0070
	0.0082
	708
	0.0044
	0.0044
	0.0026
(1.13)
	0.0038**
(2.31)

	Quintile 3
	1,071
	0.0049
	0.0078
	942
	0.0038
	0.0030
	0.0011
(0.59)
	0.0048***
(3.53)

	Quintile 4
	1,009
	0.0034
	0.0058
	1,021
	0.0024
	0.0024
	0.0010
(0.61)
	0.0034**
(2.49)

	Quintile 5 – Largest Funds
	906
	0.0050
	0.0085
	1,134
	0.0023
	0.0035
	0.0027
(1.76)
	0.0050***
(4.38)

	Smallest – Largest
(t-statistic)
	
	0.0038
(1.63)
	0.0037
(1.57)
	
	0.0079***
(4.08)
	0.0034***
(2.65)
	
	





Panel B: Trading Costs and Tick Size Change Regression

	
	Full Sample
	
Drop 1%
	Outlier-Robust 
Regression

	
	(1)
	(2)
	(3)

	Fund Size
	-0.0030
	-0.0039
	-0.0038

	
	(-1.00)
	(-1.34)
	(-1.63)

	Family Size
	-0.0006***
	-0.0005**
	-0.0006**

	
	(-2.84)
	(-2.19)
	(-2.13)

	Industry Size
	0.0060**
	0.0063***
	0.0070***

	 
	(2.51)
	(2.64)
	(2.70)

	Small Cap
	0.0004
	0.0002
	0.0002

	 
	(1.64)
	(0.82)
	(1.42)

	Mid Cap
	0.0004
	-0.0003
	0.0007

	 
	(1.09)
	(-0.85)
	(1.00)

	Small Cap  Fund Size
	-0.4080***
	-0.3484***
	-0.3159***

	 
	(-2.87)
	(-2.66)
	(-3.41)

	Mid Cap  Fund Size
	-0.2976
	-0.2415
	-0.6467

	 
	(-1.68)
	(-1.46)
	(-1.28)

	Post 2005
	-0.0007**
	-0.0006**
	-0.0008**

	
	(-2.24)
	(-2.09)
	(-2.53)

	Post 2005  Fund Size
	0.0032
	0.0036
	0.0035

	
	(1.04)
	(1.18)
	(1.59)

	Intercept
	-0.0005
	-0.0007
	-0.0007

	
	(-1.10)
	(-1.43)
	(-1.23)

	
	
	
	

	 R-Squared 
	0.0066
	0.0072
	0.0083

	 Observations
	9,868
	9,769
	9,868






Table 6
Selected Correlations
This table provides Pearson correlations for selected variables used in the analysis. The asterisks * denotes p-values < 0.01.
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	Fund 
Size
	Family
Size
	Expense
Ratios
	Sales
Load
	Fund
Age

	
	
	
	
	
	

	Fund Size
	1.000
	
	
	
	

	Family Size
	0.504*
	1.000
	
	
	

	Expense Ratios
	-0.216*
	-0.292*
	1.000
	
	

	Sales Load
	-0.121*
	-0.165*
	0.350*
	1.000
	

	Fund Age
	0.198*
	0.102*
	-0.304*
	-0.002
	1.000

	Turnover
	-0.051*
	-0.084*
	0.499*
	-0.071*
	-0.215*

	
	
	
	
	
	






Table 7
Trading Costs Residuals
The table reports parameter estimates from regressing the residuals from the full sample OLS specification in Table 4. Fund age is the natural log age in months of the oldest share class. Expense ratio, Load, and Turnover are share class TNA weighted averages. The t-statistics in parentheses are adjusted for clustering at the Morningstar sector and month levels. The asterisks ** and *** denote p-values <0.05 and <0.01, respectively.

	 
	Full 
Sample
	
Drop 1%
	Outlier-
Robust
Regression
	Full 
Sample
	
Drop 1%
	Outlier-
Robust
Regression

	
	(1)
	(2)
	(3)
	(4)
	(5)
	(6)

	Fund Age
	<0.0001
	<0.0001
	<0.0001
	<0.0001
	<0.0001
	<0.0001

	
	(-0.26)
	(0.29)
	(0.13)
	(-0.39)
	(0.28)
	(0.15)

	Expense Ratio
	0.0367**
	0.0195
	0.0620***
	0.0380**
	0.0197
	0.0644***

	
	(2.34)
	(1.28)
	(4.69)
	(2.15)
	(1.15)
	(4.64)

	Load
	0.0002
	0.0001
	0.0001
	0.0002
	0.0002
	0.0001

	
	(1.43)
	(1.50)
	(0.78)
	(1.52)
	(1.61)
	(1.20)

	Turnover
	
	
	
	<0.0001
	<0.0001
	<0.0001

	
	
	
	
	(-0.17)
	(-0.12)
	(-0.06)

	Intercept
	-0.0001
	-0.0003
	-0.0003
	-0.0001
	-0.0004
	-0.0004

	
	(-0.39)
	(-1.00)
	(-0.73)
	(-0.32)
	(-1.06)
	(-0.84)

	
	
	
	
	
	
	

	R-Squared 
	0.26%
	0.11%
	0.40%
	0.30%
	0.12%
	1.47%

	Observations
	9,868
	9,769
	9,868
	8,245
	8,156
	8,245






Table 8
Trading Costs and Flows
This table reports slope coefficients of monthly fund flows. Trading costs computed using Equation (3). Fund Size is the portfolio-level TNA at the end of the previous month (inflated to 2016 values using the total market capitalization of stocks in the CRSP stock database). Family size is the sum of the TNA of the sample funds within the fund family complex. Industry size is the TNA of all mutual funds divided by the market capitalization of all CRSP stocks. Expense ratios are share class TNA weighted averages and include 1/7 of the sales loads. Small Cap and Mid Cap are binary variables capturing Morningstar assignments. The t-statistics in parentheses are adjusted for clustering at the Morningstar sector and month levels. The asterisks *** and ** denote p-values at the < 0.01 and <0.05 level, respectively.
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	Including Vanguard
	Excluding Vanguard

	   
	Full
Sample
	Drop 1%
	Outlier-Robust
Regression
	Full
Sample
	Drop 1%
	Outlier-
Robust
Regression

	
	(1)
	(2)
	(3)
	(4)
	(5)
	(6)

	Trading Costs
	-91.3203
	-94.0544
	-29.9435
	-96.4938
	-99.2944
	-30.3594

	
	(-1.41)
	(-1.42)
	(-0.50)
	(-1.49)
	(-1.51)
	(-0.52)

	Expense Ratio
	-1.8539***
	-1.8142***
	-1.4871***
	-2.1120***
	-2.0703***
	-1.5582***

	  
	(-4.41)
	(-4.27)
	(-5.39)
	(-4.99)
	(-4.84)
	(-5.65)

	Fund Size
	-9.7044**
	-9.6130**
	-7.3406***
	-66.3891***
	-63.9191***
	-28.0607**

	  
	(-2.33)
	(-2.30)
	(-3.40)
	(-3.56)
	(-3.42)
	(-1.76)

	Family Size
	2.0379**
	2.0536**
	2.0889***
	4.3085***
	4.3472***
	3.4337***

	  
	(2.51)
	(2.52)
	(5.86)
	(3.32)
	(3.33)
	(6.00)

	Industry Size
	-14.6738***
	-15.1307***
	-12.7100***
	-14.5395***
	-15.0268***
	-12.2656***

	  
	(-4.13)
	(-4.27)
	(-3.82)
	(-4.02)
	(-4.16)
	(-3.62)

	Small Cap
	-0.4799
	-0.4856
	-0.4221
	-0.6653
	-0.6675
	-0.4457

	  
	(-0.90)
	(-0.90)
	(-1.11)
	(-1.25)
	(-1.24)
	(-1.18)

	Mid Cap
	0.6499
	0.6978
	1.5043***
	0.2611
	0.3060
	1.3169***

	  
	(1.16)
	(1.21)
	(3.54)
	(0.47)
	(0.53)
	(3.11)

	Small Cap  Fund Size
	165.6554
	171.6284
	237.9962
	157.5233
	160.9101
	196.5131

	  
	(0.66)
	(0.67)
	(1.34)
	(0.62)
	(0.62)
	(1.12)

	Mid Cap  Fund Size
	-216.9647
	-244.2489
	-487.0735***
	-146.0406
	-173.6162
	-457.5258***

	  
	(-1.03)
	(-1.13)
	(-3.19)
	(-0.69)
	(-0.80)
	(-2.98)

	Intercept
	3.1386***
	3.2568***
	2.2630***
	3.2300***
	3.3486***
	2.1839***

	  
	(4.00)
	(4.17)
	(3.19)
	(4.04)
	(4.20)
	(2.90)

	
	
	
	
	
	
	

	R-Squared
	1.73%
	1.58%
	2.01%
	1.93%
	2.01%
	1.97%

	Observations
	8,869
	8,797
	8,869
	8,226
	8,156
	8,226







Figure 1. Operating Costs. Value- (VW) and equal-weighted (EW) mean trading costs and expense ratios for our sample of index funds.
Online Appendix 1. List of Dropped Funds

	
	
	
	Morningstar Indicators
	Manual Classifications
	
	

	Fund Name
(1)
	Morningstar Style
(2)
	Benchmark
Index
(3)
	Fund of Funds
(4)
	Enhanced
(5)
	Enhanced
(6)
	Allocation
(7)
	Specialty Fund
(8)
	
Min
(9)
	
Max
(10)

	Fidelity Stock Selector All Cap Fund
	Large Growth
	Russell 1000 Growth
	1
	0
	0
	0
	0
	-1.1671
	1.2619

	Steward Small-Mid Cap Enhanced
	Large Blend
	Russell 2000
	0
	1
	1
	0
	0
	-2.2729
	1.9788

	T. Rowe Price Spectrum Growth
	Large Blend
	Russell 1000 Growth
	1
	0
	0
	0
	0
	-0.7338
	1.0959

	DFA Enhanced U.S. Large Company
	Large Blend
	Russell 1000
	0
	1
	1
	0
	0
	-0.1532
	0.1679

	Green Century Equity Fund
	Large Blend
	Russell 1000 Growth
	0
	0
	0
	0
	1
	-0.7556
	0.8317

	Vanguard FTSE Social Index Fund
	Large Blend
	Russell 1000
	0
	0
	0
	0
	1
	-0.5997
	0.4461

	SEI Asset Allocation Tr Divrs US Stk
	Large Blend
	Russell 1000
	1
	0
	0
	1
	0
	-0.5478
	0.2303

	USAA Nasdaq 100 Index Fund
	Large Growth
	Russell 1000 Growth
	0
	0
	0
	0
	1
	-0.9777
	1.1635

	Lifetime Achievement Fund
	Mid Blend
	Russell Mid Cap
	1
	0
	0
	0
	0
	-0.5194
	1.0211

	Guardian Asset Allocation Fund
	Large Blend
	Russell 1000
	1
	0
	0
	1
	0
	-1.1918
	0.9078

	FundX Aggressive Upgrader Fund
	Large Growth
	Russell 1000 Growth
	1
	0
	0
	0
	0
	-0.5272
	0.9289

	Bridgeway Blue Chip 35 Index Fund
	Large Blend
	Russell 1000
	0
	0
	0
	0
	1
	-0.2674
	0.4895

	Fidelity NASDAQ Composite Index
	Large Growth
	Russell 1000 Growth
	0
	0
	0
	0
	1
	-0.3804
	0.4094

	SEI Asset Allc Diversified Agrsv Stk
	Large Blend
	Russell 1000
	1
	0
	0
	1
	0
	-0.4755
	0.3381

	Federated Growth Allocation Fund
	Large Blend
	Russell 1000
	1
	0
	0
	1
	0
	-0.9032
	0.6073

	Payden Market Return Fund
	Large Blend
	Russell 1000
	0
	1
	0
	0
	0
	-0.2838
	0.2000

	Steward Large Cap Enhanced Index
	Large Blend
	Russell 1000
	0
	1
	1
	0
	0
	-0.1706
	0.4606

	Metropolitan West Alphatrak 500
	Large Blend
	Russell 1000
	0
	1
	0
	0
	0
	-1.0791
	0.7744

	Vanguard Diversified Equity Fund
	Large Blend
	Russell 1000 Growth
	1
	0
	0
	0
	0
	-0.2645
	0.2343

	Sound Mind Investing Fund
	Mid Growth
	Russell Mid Growth
	1
	0
	0
	0
	0
	-0.4802
	0.5115

	GMO US Equity Allocation Fund
	Large Blend
	Russell 1000
	1
	0
	0
	1
	0
	-0.7414
	0.4430

	Northern Large Cap Core Fund
	Large Blend
	Russell 1000 Value
	0
	1
	0
	0
	0
	-0.3235
	0.4080

	Touchstone Growth Allocation Fund
	Large Blend
	Russell 1000
	1
	0
	0
	1
	0
	-0.3362
	0.3328

	Integrity Fund
	Large Value
	Russell 1000
	1
	0
	0
	0
	0
	-0.4428
	0.6655

	Lord Abbett Diversified Equity Strat
	Large Growth
	Russell 1000 Growth
	1
	0
	0
	0
	0
	-0.4262
	0.2817

	Sterling Capital Strategic Allc Eq
	Large Blend
	Russell 1000
	1
	0
	0
	1
	0
	-0.4293
	0.3054

	VALIC Company I Nasdaq-100 
	Large Growth
	Russell 1000 Growth
	0
	0
	0
	0
	1
	-0.4601
	0.4429

	Fifth Third LifeModel Aggressive
	Large Blend
	Russell 1000
	1
	0
	1
	0
	0
	-0.2663
	0.2369

	Voya Index Plus MidCap Port
	Mid Blend
	Russell Mid Cap
	0
	1
	0
	0
	0
	-0.2584
	0.2342

	AIM OPPORTUNITIES I FUND
	Small Growth
	Russell 2000
	1
	0
	0
	0
	0
	-0.7032
	2.2088

	Pacific Fncl Core Equity Fund
	Mid Growth
	Russell 1000
	1
	0
	0
	0
	0
	-0.6025
	0.1737

	AllianceBernstein BSS U.S. Lrg Cap
	Large Growth
	Russell 1000
	1
	0
	0
	0
	0
	-0.2397
	0.2818

	RBB Free Market US Equity Fund
	Mid Value
	Russell Mid Value
	1
	0
	0
	0
	0
	-0.3852
	0.4992

	SunAmerica Focused Equity Strategy
	Large Blend
	Russell 1000 Growth
	1
	0
	0
	0
	0
	-0.3910
	0.3719

	T.Rowe Price Instl US Structured 
	Large Blend
	Russell 1000
	0
	1
	0
	0
	0
	-0.0771
	0.1079

	HighMark Tactical Allc Capital Grw
	Large Blend
	Russell 1000
	1
	0
	0
	1
	0
	-0.2127
	0.2266

	TFS Small Cap Fund
	Small Blend
	Russell 2000
	0
	1
	0
	0
	0
	-0.1753
	0.2462

	Pacific Financial Explorer Fund
	Large Blend
	Russell 1000
	1
	0
	0
	0
	0
	-1.5093
	1.1221

	Hartford Equity Growth Allocation
	Large Blend
	Russell 1000
	1
	0
	0
	1
	0
	-0.3021
	0.2801

	Mutual of America Instl All America
	Large Blend
	Russell 1000
	0
	1
	0
	0
	0
	-0.1592
	0.1291

	Morgan Stanley Multi-Asset Portfolio
	Large Growth
	Russell 1000
	1
	0
	0
	0
	0
	-0.8421
	0.5800

	Wells Fargo Adv LifeStage - Agg
	Large Growth
	Russell 1000
	1
	0
	0
	0
	0
	-0.4279
	0.4144

	Seligman Asset Allocation Mod. Gr
	Mid Growth
	Russell Mid Growth
	1
	0
	0
	1
	0
	-0.4111
	0.4806

	Seligman Asset Allocation Growth 
	Mid Growth
	Russell Mid Growth
	1
	0
	0
	1
	0
	-0.3877
	0.3920

	ABN AMRO EQUITY PLUS
	Large Value
	Russell 1000
	0
	1
	0
	0
	0
	-0.4039
	0.2763

	Power Momentum Index Portfolio
	Large Growth
	Russell 1000
	0
	0
	1
	0
	0
	-0.3438
	0.4107

	1290 VT Socially Responsible 
	Large Blend
	Russell 1000 Growth
	0
	0
	0
	0
	1
	-0.3473
	0.1889

	MTB Managed Alloc - Aggressive
	Large Blend
	Russell 1000
	1
	0
	0
	1
	0
	-0.2857
	0.4502

	AIM OPPORTUNITIES II FUND
	Mid Blend
	Russell Mid Cap
	1
	0
	0
	0
	0
	-0.6018
	0.5730

	AXA Charter Small Cap Value 
	Small Value
	Russell 2000
	1
	0
	0
	0
	0
	-0.4614
	0.2598

	Johnson Enhanced Return Fund
	Large Blend
	Russell 1000
	0
	1
	1
	0
	0
	-0.1006
	0.1128

	Strategic Advisers Small-Mid Cap
	Small Growth
	Russell 2000 Growth
	1
	0
	0
	0
	0
	-0.3904
	0.3718

	AIM OPPORTUNITIES III FUND
	Large Blend
	Russell 1000
	1
	0
	0
	0
	0
	-0.5640
	0.9885

	AXA Charter Small Cap Growth
	Small Growth
	Russell 2000 Growth
	1
	0
	0
	0
	0
	-0.4609
	0.1928

	STRONG DOW 30 VALUE FUND
	Large Value
	Russell 1000 Value
	0
	0
	0
	0
	1
	-0.4445
	0.6665

	API Master Allocation Fund
	Large Blend
	Russell Mid Cap
	1
	0
	0
	1
	0
	-0.2933
	0.2123

	Summit Nasdaq 100 Index Fund
	Large Growth
	Russell 1000 Growth
	0
	0
	0
	0
	1
	-0.9969
	1.1426

	Morgan Stanley Nasdaq 100 Index
	Large Growth
	Russell 1000 Growth
	0
	0
	0
	0
	1
	-0.9826
	1.1615

	Columbia Portfolio Bldr Total Equity
	Large Blend
	Russell 1000
	1
	0
	0
	0
	0
	-0.2510
	0.2472

	ProFunds NASDAQ-100
	Large Growth
	Russell 1000 Growth
	0
	0
	0
	0
	1
	-0.3530
	0.4404

	WELLS FARGO INDX ALLOC
	Large Blend
	Russell 1000
	0
	0
	0
	1
	0
	-0.2940
	0.1420

	E*Trade Kobren Growth Fund
	Large Blend
	Russell 1000
	1
	0
	0
	0
	0
	-0.6417
	0.6751

	Nuveen Quantitative Enhanced Core
	Large Blend
	Russell 1000
	0
	1
	1
	0
	0
	-0.2168
	0.1905

	MERRIMAN CAPITAL Appr.
	Large Blend
	Russell 1000 Growth
	1
	0
	0
	0
	0
	-1.0914
	1.4217

	ING Index Plus Large Cap Equity II
	Large Blend
	Russell 1000
	0
	1
	0
	0
	0
	-0.9077
	0.4320

	ING Index Plus Large Cap Equity IV
	Large Blend
	Russell 1000
	0
	1
	0
	0
	0
	-0.8243
	0.3523

	VICTORY LIFECHOICE GRWTH
	Large Value
	Russell 1000 Value
	1
	0
	0
	0
	0
	-0.7192
	1.1280

	Franklin Templeton Perspective Allc
	Large Blend
	Russell 1000
	1
	0
	0
	1
	0
	-0.2575
	0.2284

	Seligman Asset Allc Aggressive Gr 
	Mid Growth
	Russell Mid Growth
	1
	0
	0
	1
	0
	-0.3945
	0.2631

	PIMCO RAE Fund. PLUS Small
	Small Blend
	Russell 2000 Value
	0
	1
	0
	0
	0
	-0.4021
	0.3247

	ING Index Plus Large Cap Equity V
	Large Blend
	Russell 1000
	0
	1
	0
	0
	0
	-0.8592
	0.3650

	ING Index Plus Large Cap Equity III
	Large Blend
	Russell 1000
	0
	1
	0
	0
	0
	-0.8961
	0.4121

	ING Index Plus Large Cap Equity
	Large Blend
	Russell 1000
	0
	1
	0
	0
	0
	-0.8963
	0.3986

	ING Principal Protection XII Fund
	Large Blend
	Russell 1000
	0
	1
	0
	0
	0
	-1.1743
	1.9619

	HANCOCK INDEPEND MED.
	Mid Blend
	Russell Mid Cap
	0
	1
	0
	0
	0
	-0.4391
	0.6045

	FundX ETF Aggressive Upgrader
	Large Blend
	Russell 1000 Growth
	1
	0
	0
	0
	0
	-0.7721
	0.5450

	Guggenheim Directional Allocation
	Mid Growth
	Russell 1000 Growth
	0
	0
	0
	1
	0
	-0.4218
	0.4841

	SECURITY ENHANCED INDEX
	Large Blend
	Russell 1000
	0
	1
	0
	0
	0
	-0.0974
	0.0684

	WATERHOUSE DOW 30 FUND
	Large Value
	Russell 1000 Value
	0
	0
	0
	0
	1
	-0.4877
	0.4697

	ING Index Plus Lrg Cap Equity VII
	Large Blend
	Russell 1000
	0
	1
	0
	0
	0
	-0.5217
	0.3625

	ING InvTr Lifestyle Agg. Growth
	Large Blend
	Russell 1000
	1
	0
	0
	0
	0
	-0.4136
	0.4417

	Victory CEMP US 500 Enh Vol Wtd 
	Large Blend
	Russell 1000
	0
	0
	1
	0
	0
	-0.2120
	0.1865

	ING Index Plus Large Cap Equity VI
	Large Blend
	Russell 1000
	0
	1
	0
	0
	0
	-0.5281
	0.3396

	ING Index Plus LargeCap Equity X
	Large Blend
	Russell 1000
	0
	1
	0
	0
	0
	-0.5163
	1.7997

	ING Index Plus LargeCap Equity IX
	Large Blend
	Russell 1000
	0
	1
	0
	0
	0
	-0.5067
	1.7534

	Strategic Advisers S-M Cp Multi-Mgr
	Small Growth
	Russell 2000 Growth
	1
	0
	0
	0
	0
	-0.3462
	0.3298

	ING Index Plus LargeCap Eqty VIII
	Large Blend
	Russell 1000
	0
	1
	0
	0
	0
	-0.4814
	1.7854

	ING Principal Protection XI
	Large Blend
	Russell 1000
	0
	1
	0
	0
	0
	-0.5564
	1.9066

	Calamos Multi-Fund Blend
	Large Growth
	Russell 1000 Growth
	1
	0
	0
	0
	0
	-0.4164
	0.3364

	Guinness Atkinson Global Inntrs
	Large Growth
	Russell 1000
	0
	0
	0
	0
	1
	-1.1298
	1.7499

	AMSOUTH ENHANCED MKT
	Large Blend
	Russell 1000
	0
	1
	0
	0
	0
	-0.2102
	0.1612

	WAYNE HUMMER CORE
	Large Blend
	Russell 1000
	0
	1
	0
	0
	0
	-0.5983
	0.2764

	Strategic Advisers US Opp II
	Large Blend
	Russell 1000
	1
	0
	0
	0
	0
	-0.1138
	0.1104

	Strategic Advisers US Opportunity
	Large Blend
	Russell 1000
	1
	0
	0
	0
	0
	-0.1098
	0.0850

	HANCOCK JOHN CORE VALUE
	Large Value
	Russell 1000 Value
	0
	1
	0
	0
	0
	-0.2296
	0.1806

	JPMorgan SmartAllocation Equity
	Large Blend
	Russell 1000
	1
	0
	0
	1
	0
	-0.2404
	0.2066

	AssetMark Enh Fdmtl Idx Lg Cm
	Large Value
	Russell 1000 Value
	0
	1
	0
	0
	0
	-0.5271
	1.0920

	Eaton Vance Equity Asset Allocation 
	Large Growth
	Russell 1000
	1
	0
	0
	1
	0
	-0.3300
	0.2766

	AssetMark Enh Fdmtl Idx Lg Cm Gr
	Large Blend
	Russell 1000
	0
	1
	0
	0
	0
	-0.1847
	0.3120

	Legg Mason Partners Lifestyle Alloc
	Large Blend
	Russell 1000
	1
	0
	0
	0
	0
	-0.2877
	0.2336

	AssetMark Enh Fdmtl Idx Cm Gr
	Small Growth
	Russell 2000 Growth
	0
	1
	0
	0
	0
	-0.3483
	0.7714

	DoubleLine Shiller Enhanced CAPE
	Large Blend
	Russell 1000 Value
	0
	1
	1
	0
	0
	-0.3144
	0.2954

	PIMCO RAE Low Volatility PLUS
	Large Blend
	Russell 1000 Value
	0
	1
	0
	0
	0
	-0.5002
	0.4390

	YieldQuest Core Equity Fund
	Large Blend
	Russell 1000
	1
	0
	0
	0
	0
	-1.3084
	0.6680

	Victory CEMP REC Enhnd Vol Wtd
	Mid Blend
	Russell Mid Cap
	0
	0
	1
	0
	0
	-1.0892
	0.9753

	ING InvTr Disciplined Small Cap 
	Small Value
	Russell 2000 Value
	0
	1
	0
	0
	0
	-0.5580
	0.1373

	FundX ETF Upgrader Fund
	Large Growth
	Russell 1000
	1
	0
	0
	0
	0
	-0.4075
	0.2089

	UBS ENHANCED S&P 500 FUND
	Large Blend
	Russell 1000
	0
	1
	0
	0
	0
	-0.1290
	0.1749

	JNL/Mellon Capital DJ US Contra 
	Mid Blend
	Russell 2000
	0
	0
	1
	0
	0
	-0.5182
	0.3993

	Victory CEMP US Smll Cap Vol Wtd
	Small Blend
	Russell 2000
	0
	0
	1
	0
	0
	-0.2467
	0.2652

	Fidelity Series Broad Market Opps
	Large Growth
	Russell 1000 Growth
	1
	0
	0
	0
	0
	-0.3000
	0.2610

	MassMutual Prem Enhan IndexVal II
	Large Value
	Russell 1000 Value
	0
	1
	1
	0
	0
	-0.0636
	0.0618

	HANCOCK JOHN CORE GR
	Large Growth
	Russell 1000 Growth
	0
	1
	0
	0
	0
	-0.2452
	0.3384

	Biltmore Index Enhancing Fund
	Large Growth
	Russell 1000
	0
	0
	1
	0
	0
	-0.5094
	0.2172



Notes. Appendix A.1 lists 114 funds dropped due to Morningstar Category benchmarking errors. Column 2 reports the holdings-based Morningstar style box for the most recent holding reporting period – December 2016. Column 3 reports the December 2016 Morningstar Category benchmark index that is based on the prior three years of style box data. Columns 4 and 5 report values for Morningstar Fund of Funds and Enhanced Index indicators. Columns 6–8 report values for name-based manual classifications of fund holdings and investment objectives. Specially, Column 6 – Enhanced – indicates Market Neutral, Bull Market, Absolute Return, Momentum, Contrarian, Volatility, and other enhanced funds. Column 7 – Allocation – indicates allocation funds. Column 8 – Specialty Funds – flags Nasdaq, Dow, ESG, and International funds. Columns 9 and 10 report the minimum and maximum gross benchmark adjusted alphas as computed in Equation (3). Funds are listed in declining order of the number of observations.   

Online Appendix 2. Summary Statistics of the Largest Tracking Errors

	
	
	
	
	Percentiles

	
	Obs.
	Mean
	St. Dev.
	Minimum
	1%
	25%
	50%
	75%
	99%
	Maximum

	All Funds
	
	
	
	
	
	
	
	
	
	

		Annual Return Gap
	309
	-0.0029
	0.3791
	-1.3500
	-1.0566
	-0.2246
	-0.1777
	0.2299
	1.1735
	1.6091

		Fund Size ($ Billions)
	309
	0.7168
	3.1593
	0.0153
	0.0174
	0.0538
	0.1159
	0.5819
	4.6971
	52.5652

		Family Size ($ Billions)
	309
	32.7805
	63.4845
	0.0228
	0.0254
	1.0912
	7.7689
	31.8745
	321.2824
	333.0604

		Industry Size
	309
	0.1904
	0.0593
	0.0030
	0.0618
	0.1584
	0.1643
	0.2511
	0.2973
	0.3052

	Small Cap Stock Funds
	
	
	
	
	
	
	
	
	
	

	Annual Return Gap
	167
	0.0226
	0.4196
	-1.3500
	-1.2292
	-0.2503
	-0.1766
	0.2514
	1.2677
	1.6091

		Family Size ($ Billions)
	167
	9.3221
	12.7791
	0.1545
	0.1592
	0.6748
	1.7379
	11.5919
	43.3108
	48.6966

		Industry Size
	167
	0.1894
	0.0652
	0.0030
	0.0080
	0.1584
	0.1655
	0.2587
	0.3011
	0.3052

	Mid Cap Stock Funds
	
	
	
	
	
	
	
	
	
	

		Annual Return Gap
	76
	0.0054
	0.3805
	-1.1173
	-1.1173
	-0.2112
	0.1669
	0.2375
	1.0771
	1.0771

		Fund Size ($ Billions)
	76
	0.4093
	0.6740
	0.0175
	0.0175
	0.0877
	0.1465
	0.5827
	3.9364
	3.9364

		Family Size ($ Billions)
	76
	78.8864
	98.5191
	0.4351
	0.4351
	3.6085
	23.4285
	92.0232
	333.0604
	333.0604

		Industry Size
	76
	0.2210
	0.0547
	0.1363
	0.1363
	0.1716
	0.2041
	0.2824
	0.3002
	0.3002

	Large Cap Stock Funds
	
	
	
	
	
	
	
	
	
	

		Annual Return Gap
	66
	-0.0770
	0.2392
	-0.4249
	-0.4249
	-0.2049
	-0.1956
	0.1755
	0.6627
	0.6627

		Fund Size ($ Billions)
	66
	2.1207
	6.5649
	0.0202
	0.0202
	0.3246
	0.8104
	1.3758
	52.5652
	52.5652

		Family Size ($ Billions)
	66
	39.0456
	59.5130
	0.0228
	0.0228
	1.2883
	26.7234
	49.2972
	311.9136
	311.9136

		Industry Size
	66
	0.1579
	0.0133
	0.1245
	0.1245
	0.1584
	0.1584
	0.1597
	0.2213
	0.2213



Notes. This table reports the extreme outlier observations that result in the largest tracking errors.

Trading Costs	VW	EW	VW	EW	VW	EW	VW	EW	All Funds	Small Cap	Mid Cap	Large Cap	25.63	48.59	11.868	53.96	41.29	65.677000000000007	26.291	45.59	Expense Ratios	VW	EW	VW	EW	VW	EW	VW	EW	All Funds	Small Cap	Mid Cap	Large Cap	24.79	49.02	44.567729999999997	72.384500000000003	47.463509999999999	72.944000000000003	18.510110000000001	41.934199999999997	Total	VW	EW	VW	EW	VW	EW	VW	EW	All Funds	Small Cap	Mid Cap	Large Cap	50.42	97.610000000000014	56.43573	126.34450000000001	88.753510000000006	138.62100000000001	44.801110000000001	87.524200000000008	
Costs in Basis Points




