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Abstract: How do retail investors cope with the increasing complexity of equity markets? 
Ample evidence shows that fast trading and market fragmentation improve market quality in 
general, but it is unclear if the benefits trickle down to retail investors. In a five-year sample of 
Swedish large-cap stocks, featuring increasing fast trading and fragmentation, we find that 
retail investors experience lower improvements in execution quality than do proprietary 
investors. We investigate whether the increasing difference in performance between retail and 
proprietary investors is due to frictions related to market complexity. Our findings show that 
complexity in the form of fast trading puts a strain on retail trading with limit orders. 
Complexity in terms of market fragmentation works as a friction towards retail trading with 
market orders, and retail investors demand sophisticated (and potentially costly) brokerage 
servers to mitigate that friction.  
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1.  INTRODUCTION 
Two strong trends characterize the development of equity market structure in the last 

decade: trading has become faster and more fragmented across trading venues. Though each of 
these trends is evidently beneficial from an overall market quality perspective, each of them 
also brings increasing market complexity.1 For example, each large-cap US stock experiences 
on average around 18 quote updates per second (Conrad, Wahal, and Xiang, 2014, Table 1B), 
and trading is scattered across twelve securities exchanges and numerous dark pools. Real-
time liquidity monitoring under such circumstances is a daunting (and costly) task to any 
investor, let alone retail investors. In this paper, we investigate how market complexity 
influences the trading costs of retail investors. 

How can retail investors overcome market complexity to enjoy the benefits brought by 
fast trading and market fragmentation? An optimistic scenario is that the competitive 
environment among financial intermediaries bridges price differences across trading venues 
and makes markets resilient to liquidity shocks. In this case, consistent with the common 
theoretical assumption of perfect competition among market makers (e.g., Ho and Stoll, 1983; 
Weston 2000), retail investors need not be sophisticated to enjoy the benefits of the market 
complexity. 

 

                                                 
1 Fast trading: Hendershott, Jones and Menkveld (2011) show that fast trading reduces trading costs and improves market efficiency. In addition, fast trading in equity markets reduces short-term volatility (Hagströmer and Nordén, 2013), improves market liquidity (Brogaard, Hagströmer, Nordén and Riordan, 2015), and facilitates price discovery (Brogaard, Hendershott and Riordan, 2014). See Menkveld (2016) for a comprehensive review of the literature on high-frequency trading effects on market quality.   Market fragmentation: Foucault and Menkveld (2008) present both theoretical and empirical evidence of that competition between trading venues enhances liquidity. Zhu (2014) models the introduction of dark trading in an otherwise lit market and finds that it improves both market efficiency and liquidity. His predictions are in line with empirical findings by O’Hara and Ye (2011), showing that more fragmented stocks have lower transaction costs and higher price efficiency.  
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A more pessimistic scenario is that market complexity hampers retail investors’ ability to 
benefit from market quality improvements. The notion that market complexity is a friction 
faced by retail investors finds support in theoretical work by Foucault, Röell, and Sandås 
(2003). They model liquidity providers with costly monitoring of news and quote flows. When 
markets become more complex, we postulate that monitoring costs increase. In addition, 
Foucault, Hombert and Roşu (2016) and Hoffman (2014) show that relatively slow investors 
suffer from adverse selection costs. Biais, Foucault, and Moinas (2015) and Budish, Cramton, 
and Shim (2015) show that competition on latency among market intermediaries may lead to 
a technological arms race. The implication is that long-term investors ultimately carry the costs 
of over-investment. In addition, market complexity potentially makes retail investors more 
vulnerable to brokerage services that are not in their best interest. For example, Battalio, 
Corwin, and Jennings (2016) show that brokers route retail orders in ways that optimize the 
brokers’ revenues rather than the clients’ execution quality. 

Market complexity might potentially hamper retail execution quality through two 
channels. Firstly, we may observe whether variation in market complexity is driving variation 
in the difference in execution quality between retail and proprietary investors. The underlying 
idea here is that market quality improvements that are associated with increased market 
complexity can be enjoyed in full by professional traders, but less so by retail investors. 
Importantly, we do not analyze the level difference in execution quality. We expect retail 
investors to have higher execution costs because they trade for liquidity purposes and thus 
derive utility from trading. Proprietary traders, in contrast, are frequently motivated by profits 
from the trading process itself, acting as financial intermediaries.  

Secondly, retail investors may respond to market complexity by paying a premium for 
broker sophistication. In that case, the execution quality difference between retail and 
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proprietary investors may be unrelated to market complexity. To investigate this possibility, 
we categorize brokers by their ability to handle market complexity when trading for their own 
money. Specifically, we consider brokers that can perform a round-trip trade across two venues 
(buy shares at one venue and then turn around and sell the position at another venue) within 
one second as Fast. If such brokers would be associated with superior execution quality for 
retail investors, it would be a sign of retail investors demanding more sophisticated brokerage 
services to deal with the increased market complexity. 

We access trading records for the stocks constituting the Swedish blue chip index OMXS 
30. The data set covers a relatively long period, January 1, 2010 to December 30, 2014, and all 
venues where the sample stocks trade. This gives us a panel of stock-month-venue observations 
well suited for the analysis of market complexity. Our data set also includes information about 
the broker (non-anonymized), the client (anonymized), and the client type (retail or 
institutional), which we utilize to track retail investor activities and to categorize brokers.2 
Specifically, we analyze 28 stocks, traded at five trading venues by 121 brokerage firms. 

Our main measure of execution quality for retail investors is the global effective spread 
(GES), which measures the signed difference between the transaction price and the global 
spread midpoint. The global spread midpoint is the mean of the best bid and offer prices quoted 
across all exchanges at the time of the trade. By benchmarking the trade price to the global 
spread midpoint, rather than the local, we account for trades that do not execute at the 
exchange with the best price (trade throughs). 

Our first set of results show that not all execution quality improvements trickle down to 
retail investors. Specifically, we find that GES decreases over our five-year sample period and 
                                                 
2 Following Baron, Brogaard, Hagströmer, and Kirilenko (2016), we identify high-frequency trading firms as those who are members in the proprietary trading lobby organisation European Principal Traders Association (FIA-EPTA), and firms that according to their own website primarily undertake low-latency proprietary trading. 
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that the improvement is smaller for retail than for proprietary trades. The cost of trading with 
market orders (Active GES) falls for proprietary traders from 3.6 basis points (bps) in January 
2010, to 2.2 bps in December 2014: a 38% drop. The spread earned when trading with limit 
orders (Passive GES) falls from 3.3 bps to 2.3 bps over the same period, a reduction of 31%. 
Retail investors also observe falling spreads over the sample period, but their cost reduction in 
Active GES is much smaller (15%), and their revenue reduction in Passive GES is greater (40%). 
In addition, we find that both the high-frequency trading (HFT) activity and the degree of 
fragmentation increase substantially over our sample period. 

Our second set of results is that market complexity is a tangible friction to retail investor’s 
execution quality. For passive trading, we find that retail traders suffer when the HFT activity 
is high. For active trading, we do not find direct evidence of market complexity standing in the 
way for retail investors. We do find, however, that retail investors turn to sophisticated brokers 
to overcome market complexity, both for order routing and for liquidity timing. To the extent 
that sophisticated brokerage services are costly, this evidence indicates that market 
complexities undermine the benefits of fast trading and fragmentation.  

Over our sample period, both the degree of fragmentation (Fragmentation) and the share 
of total activities coming from high-frequency trading (HFT Share) increase.3 Consistent with 
footnote 1 we find that stock-months with higher HFT Share and higher Fragmentation have 
lower GES, but it is not the purpose of this paper to comment on the causality of those relations. 
Instead, we view Fragmentation and HFT Share as proxies of market complexity and investigate 
whether they constrain retail investor execution quality, relative that of proprietary investors. 
For passive transactions, consistent with Foucault, Hombert, and Rosu (2016) and Hoffman 

                                                 
3  We measure Fragmentation using an index similar to that of the Fidessa Fragmentation Index, see http://fragmentation.fidessa.com/faq/#faq2. The five trading venues that we consider are BATS, Burgundy, Chi-X, NASDAQ OMX Stockholm, and Turquoise. 
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(2014), we find that retail investors relative to proprietary investors earn lower spreads in 
stock-months with high HFT Share. For active transactions, in contrast, we find no effect of that 
market complexity stands in the way of quality improvements trickling down to retail investors. 

Next, we investigate the possibility that retail investors tackle the increased complexity 
by purchasing more sophisticated brokerage services. We find that brokers that show high 
sophistication in their proprietary trading perform better than other brokers in their execution 
of retail client transactions in stock-months with higher Fragmentation. This may be due to 
sophisticated brokers having access to better technology for smart order routing (SOR), helping 
them to avoid trade throughs. In passive trading on behalf of retail clients, the sophisticated 
brokers show better performance in stock-months with higher HFT Share, potentially reflecting 
a stronger ability to monitor news and order flow. To the extent that sophisticated brokers 
charge higher fees than their peers (which we may investigate in future versions of this paper), 
the finding that retail investors demand sophisticated brokerage services undermines the 
benefits brought by fast trading and fragmentation. 

Finally, to nail down the frictions imposed on retail investors by market complexity, we 
decompose the Active GES into a spread component capturing the prevalence of trade throughs 
(the Order Routing Spread), and a liquidity timing component (the Potential Spread). The results 
show that the Order Routing Spread constitutes less than 5% of the total spread, implying that 
finding the best price across venues is of limited importance to retail investors. The key to good 
retail execution quality thus lies in liquidity timing. In regression analyses similar to those 
presented above, we find that the sophisticated brokers outperform other brokers in liquidity 
timing in stock-months with high HFT Share and Fragmentation. 

The main contribution of this article is to show that increased market complexity puts a 
strain on recent improvements to equity market quality. Our results are consistent with 
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Malinova, Park and Riordan (2016), who show that retail investor trading costs in Canada 
increase sharply when HFT market making is taxed, and with Malinova, Park and Riordan 
(2013), who analyze a six-year sample of Canadian stocks and find that retail trading return to 
limit orders is increasing with algorithmic trading. Our contribution relative these papers 
specifically, and relative the references in footnote 1 generally, is to show that even though the 
overall effects of fast trading and fragmentation on retail investors are positive, the market 
complexity also adds friction to the retail trading process.  

We also contribute to the literature on brokerage execution quality, including e.g., Chan 
and Lakonishok (1997) and Keim and Madhavan (1997). Fast trading and fragmentation in 
current equity markets impose new challenges to the evaluation of execution quality. Fast and 
intense order traffic generates large amounts of data and makes execution quality opaque to 
many observers. Fragmentation of volumes introduces a cross-sectional dimension to 
execution quality. We contribute to this literature by proposing new metrics for evaluating 
execution quality in a fragmented marketplace. 

Concerns about execution costs are not isolated to the equity markets. In the US corporate 
bond market, Harris (2015) finds that the benefits of an electronic market mostly accrue to the 
dealers, not the clients. O’Hara, Wang and Zhou (2016) analyze the same market, and find 
strong evidence of failure in the provision of best execution to clients. A joint report by several 
US authorities on the government bond market, raise concerns about risks related to the 
increasing prevalence of automated trading (the US Treasury, the Board of Governors of the 
Federal Reserve System, the Federal Reserve Bank of New York, the US Securities and Exchange 
Commission, and the US Commodity Futures Trading Commission, 2015). 

The most closely related paper to ours, to our knowledge, is the analysis by Malinova et 
al. (2013) on whether market quality improvements benefit retail investors. Our approach to 
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the question differs from theirs in that we distinguish different types of market complexity 
(fragmentation and fast trading), and that we assess whether market complexity leads retail 
investors to demand more sophisticated brokerage services. In addition, the identification of 
retail investors in our data set follows directly from that brokers must distinguish institutional 
and retail clients in their reporting, whereas Malinova et al. (2013) base their identification on 
an (undisclosed) proprietary categorization, as well as the use of orders that are considered 
unsophisticated. 

The paper proceeds as follows. The next section outlines different measures of execution 
cost and market complexity, as well as our approach to analyze how market complexity 
influences retail investors. Section 3 holds information about the data sets and the sample. 
Section 4 presents the empirical results, and Section 5 concludes. 

2.  METHODOLOGY 

The goal of our research is to analyze how market complexity affects execution quality. In 
particular, we investigate whether the complexity undermines retail investors’ ability to benefit 
from fast trading and market fragmentation. We present our measures of fast trading, 
fragmentation, and execution quality below, followed by a regression framework for the 
evaluation of execution quality for retail transactions. 

Fast trading 

To capture variation in fast trading we measure HFT firms’ share of total trading volume 
each month. Following Baron et al. (2016), we define HFTs as firms that self-describe as such. 
Specifically, we classify firms as HFTs if they are members of the FIA-EPTA or if they, according 
to their own websites, primarily undertake low-latency proprietary trading. We denote the HFT 
share of total trading in each stock-month HFT Share. 
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Fragmentation 

We measure fragmentation as the inverse of a Herfindahl index of trading volumes across 
the five largest trading venues (BATS, Burgundy, Chi-X, NASDAQ OMX Stockholm, and 
Turquoise). The definition yields an index on a scale from one to five (the number of trading 
venues considered). If there are N trading venues and they all have equal shares of the trading 
volume, the index takes its maximum value N. If all trading volume is concentrated to one venue 
the index takes its minimum value, which is one. We denote the fragmentation index 
Fragmentation. 

Measures of execution quality 

We measure execution quality for each transaction. Noting that every trade has two legs; 
one for the investor who is buying, and one for the investor who is selling; we define a 
transaction as one of those legs. Hence, we analyze each trade twice, once for the buyer 
transaction and once for the seller transaction.  

The global effective spread and its components 

In a centralized (non-fragmented) market context, the effective spread is the signed 
difference between the trade price and the prevailing quoted bid-ask spread midpoint in the 
local market. In fragmented markets, investors can trade a stock at multiple exchanges, and it 
is reasonable to measure execution quality relative the price implied by liquidity aggregated 
across all relevant trading venues, which we refer to as the consolidated order book. Denoting 
the bid-ask spread midpoint of the consolidated order book the global midpoint ( ), we 
define the Global Effective Spread ( ) for a transaction t as: 
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= −  , (1) 

where  is the transaction price and  is the direction of trade indicator, defined relative the 
global midpoint as = sign( − ). In general, the global midpoint is the average of the 
best bid and ask prices of orders prevailing in the consolidated order book the moment before 
the trade execution. However, when choosing between trading venues investors consider both 
the price and volume available. For a large transaction, a trader might choose a venue with a 
worse price because it can absorb sufficient volume. To account for this, when calculating the 
global midpoint, we consider only venues that have enough volume posted at the best price to 
absorb the trade size in question. The global effective spread is our main measure of execution 
quality. 

In fragmented markets, traders optimize their execution using both order routing (the 
decision of where to trade) and liquidity timing (when to trade). Hence, we decompose the 
global effective spread into two parts, where the first part captures the quality in order routing 
(the cross-sectional dimension), and the second part measures liquidity timing (the time-series 
dimension). In addition, to take the possible occurrences of transactions executed against 
hidden liquidity (at better prices than the visible ones) and transactions walking the book (at 
transaction prices worse than the observed ones), we further decompose the order routing 
quality part into a visible component and an invisible component. 

We define  as the best price available across exchanges just before the transaction 
and use it as the breakpoint for the spread decomposition. For example, for an active buy 
transaction  is the lowest sell price available among the exchanges with sufficient 
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volumes at their best ask price. Moreover,  is the best visible price at the exchange where 
the trade is executed just before the transaction. The global effective spread is: 

= −
  

+ −
  

+ −
 

. (2) 

The second component in Equation (2) captures the difference between the best visible 
local price and the best available price across all trading venues. The use of smart order routers 
(SORs) can typically minimize such price differences, also referred to as trade throughs. We 
refer to this component as the order routing spread. The third component captures the effective 
spread retrieved conditional on that a SOR is efficiently in use and we refer to it as the potential 
spread.  

An investor (or broker) who submits a market order for immediate execution chooses 
both the timing of the transaction and the trading venue in light of the liquidity available across 
trading venues at that time. This investor can thus manage (minimize) both the order routing 
spread and the potential spread. The passive party of the trade does not choose the execution 
timing, and is thus unable to optimize the components. For this reason, we restrict the analysis 
of the GES components to transactions initiated with market orders, referred to as active 
transactions. 

The first component in Equation (2), the local price spread, captures the difference 
between the transaction price and the best visible price prevailing at the same venue just before 
the trade. In our view, this component is not associated with any particular skill; its purpose is 
mainly to yield clean measures of the other two components. Accordingly, we report the 
magnitude of the local price spread below, but we do not analyze its variation. For a 
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representative transaction the local price spread is zero, but it can be positive if the transaction 
is executed against hidden liquidity, and it can be negative when a market order is “walking the 
book” (executes against liquidity at several price levels, see below).  

Active/Passive 

Hoffmann (2014) predicts that less sophisticated (slow) investors would be more inclined 
to trade actively, as passive orders require more monitoring. According to Malinova, Park and 
Riordan (2013) practitioners sometimes raise the concern that fast traders, by acting as market 
makers, crowd out natural traders from the passive side of the market. Even though the fast 
traders in this case improve liquidity by reducing bid-ask spreads, their mere dominance at 
executable quotes increases the non-execution risk for slow traders' limit orders. Thus, slow 
traders must rely on market orders to achieve an execution, which is more expensive. We define 
Active/Passive as the ratio of active transaction volume to passive transaction volume. Midpoint 
trades do not have an active or passive side and are not included in the ratio.  

Walk-the-book ratio 

A special type of active orders is those with a quantity exceeding the volume posted at the 
best price of the order book, and that can execute at subsequent price levels until the whole 
volume is absorbed. Such walk-the-book orders may be an efficient way of executing a large 
volume without allowing other traders to react to the information conveyed by the trade. 
Frequently, however, large trades execute more efficiently by letting algorithms split them up 
in a manner that limits the price impact. We consider the frequency of walk-the-book orders as 
an interesting quantity for understanding the execution quality of traders. We thus define the 
Walk-the-book ratio as the fraction of volume that execute through such orders. 

Hidden ratio 
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Our quote data reflects visible liquidity only, but the venues in our sample also allow 
hidden liquidity. To measure the amount of hidden liquidity, we look for transactions that 
execute at prices better than what is available according to the visible liquidity. We define the 
Hidden ratio as the share of active transactions executed at better prices than the best available 
level in the order book. 

Regression analysis for execution quality 

In order to achieve our goal of evaluating execution quality for retail transactions, we 
regress each execution quality measure , , for active and passive transactions separately, on 
investor type dummy variables, market complexity variables, broker type dummy variables and 
control variables. We consider two investor types (proprietary and retail) and three broker 
types (fast, slow and agency). We define these in the next section. In the regression analyses, 
we use a panel of stock-month observations. Hence, we obtain each execution quality measure 
as the average over transactions in stock i during month t.  

In our first regression framework, we focus on differences between retail and proprietary 
transactions: 

, = + , + ′ , + ′ , × , + ′ , + ,  (3) 

where ,  is a dummy variable equal to one for transactions by retail investors, and zero 
otherwise, ,  is a vector containing the complexity variables HFT share and 
Fragmentation, and ,  is a vector with other explanatory variables. Here we argue that fast 
trading and fragmentation affect execution quality. We also interact the complexity variables 
with the retail dummy variable in order to investigate if they affect execution quality for retail 
and proprietary transactions differently. The coefficient  represents execution quality for 
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proprietary investor transactions. Testing for whether fast trading and fragmentation affects 
execution quality equally for retail and proprietary transactions boils down to a test of whether 
each coefficient in the vector  is equal to zero. 

In our second regression framework, we are interested in testing for differences in 
execution quality across different types of brokers while holding the investor type constant. To 
do so for each investor type j (where j represents either proprietary or retail investors), we 
regress each execution quality measure on broker dummy variables, our market complexity 
variables, interaction variables and a set of control variables: 

, , = , + ′ , , + ′ , , + ′ , , × , , + ′ , , + , ,  (4) 

where the vector , ,  contains two dummy variables: , , , which is equal to one if the 
transactions are carried out by slow brokers, and zero otherwise, and , , , which is equal 
to one if the transactions are carried out by agency brokers, and zero otherwise. We use the fast 
broker type as the benchmark case, implying that ,  captures execution quality for fast 
brokers’ transactions. Thus, testing for whether market complexity affects execution quality for 
retail transactions (in the regression equation with j representing retail transactions) across 
different types of brokers boils down to a test of whether each coefficient in the vector  is equal 
to zero. 

3.  DATA AND SAMPLE  
The two main data sources we use are the Thomson Reuters Tick History (TRTH) 

database, maintained by the Securities Research Centre of Asia-Pacific (SIRCA), and the 
Transaction Reporting System (TRS) database, to which the Swedish financial supervision 
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authority, Finansinspektionen, is providing access. The MiFID directive set up the TRS as an 
instrument to increase the transparency and accountability of market transactions in the 
European Economic Area (EEA). The TRS basis is the “home supervision” principle meaning 
that EEA-registered investment firms are required to report all transactions to the competent 
authority of the country in which they are registered. Supervisors share data among each other 
according to the “dominant market” rule, meaning that, e.g., the Swedish FI will obtain 
information on stocks that have their primary listing in Sweden from, e.g., the German BaFin on 
transactions by German investment firms. 

We focus on the constituents of the leading Swedish equity index, OMXS 30, in the period 
January 1, 2010, to December 30, 2014. We exclude AstraZeneca, ABB and Nokia, for which, due 
to cross-listings in the United Kingdom, Switzerland and Finland respectively, the Swedish FI 
does not obtain data reported to TRS by non-Swedish brokers. The OMXS 30 index had only one 
change of constituents during the sample period; Scania AB (SCVb) was delisted on May 16, 2014, 
and was replaced in the index by Kinnevik Investment AB (KINVb) on July 1, 2014. We include SCVb 
up until its delisting and KINVb from its inclusion onwards. Hence, there are 28 stocks in our 
sample. We consider five trading venues: NASDAQ OMX Stockholm (NOMX, the incumbent 
exchange), and four multilateral trading facilities (MTFs): BATS, Burgundy, Chi-X and 
Turquoise. All markets open at the same time, 9 am Stockholm time. NOMX, where all the 
sample stocks have their primary listing, runs an opening call auction with uncross at 9 am 
sharp. NOMX closes the continuous trading at 5.25 pm and then starts the batching period for 
the closing call auction, which is uncrossed around 5.30 pm. We use trade identifiers to separate 
auction transactions, as well as to determine the precise starting and ending time of continuous 
trading each day. Even though some other markets are open for continuous trading from 9 am 
until 5.30 pm, for consistency, we exclude transactions recorded outside the continuous trading 
hours of NOMX from all venues. 



16  

The TRTH database gives us data on all trades and the concurrent order book status 
(inside quotes) on all five trading venues. Panel A of Table 1 gives an overview of the daily 
average number of transactions and the SEK trading volume across our 28 sample stocks.4 The 
market share of the incumbent trading venue is 54% in terms of transactions, but 64% in terms 
of volume, which suggests that larger trades tend to execute on NOMX. Statistics in column five 
confirms a higher average transaction size at NOMX. Despite this, the incumbent exchange 
remains competitive in terms of spreads. The global spread is lower than the local spread for 
every individual venue, which suggests that overall market fragmentation improves liquidity. 

Insert Table 1 here 

Matching TRS to TRTH 

We match transactions reported in TRS to TRTH in order to obtain information about 
clients and, ultimately, distinguish proprietary from client trading. We proceed by sorting 
observations in both data sets by venue, stock, date, time, the buy/sell indicator, price and 
volume.5 Data available in both databases allows a sorting of NOMX trades by broker ID. For 
the MTFs, broker IDs are not public information and are not available in TRTH. We number 
observations identical on all of these counts sequentially from one to n, where n is the number 
of observations with the same set of values. We then match observations on the variables listed, 
as well as the sequence number. Panel B of Table 1 gives an overview of the matched sample. 
Overall, we are able to match 85% of the observed trades, representing 86% of the volume. 
Hence, there seems to be little correlation between matching success and the size of the trade. 
This is also apparent from the very similar average trade sizes in Panels A and B. Finally, the 

                                                 
4 Since we split each trade into two separate transactions, for the buy and the sell leg, the aggregate number of transactions and volume we report is equal to two times the respective measure of trades. 
5 Note that transactions occur with accuracy down to microseconds in TRTH and to seconds in TRS. The matching implies that the TRTH observations are truncated or rounded. 
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average spreads are also very close to each other, so the matched sample appears 
representative of the full TRTH sample. 

The consistent matching pattern persists across the individual trading venues. The 
matching rate is the highest on NOMX (90%). The MTFs lag somewhat behind, with a matching 
rate between 77% and 83%. We believe that there are two potential reasons for this difference. 
First, the reason could be that we do not know broker IDs on MTF trades. Second, some MTF 
brokers may be missing from TRS. According to the membership rules of the MTFs, they are 
open to EEA registered investment firms but also non-EEA firms, at the discretion of the venue 
operator.  

Insert Figure 1 here 

Figure 1 displays the share of the monthly average trading volume (in billion SEK) of the 
sample stocks across the five trading venues. Over the sample period, NASDAQ exhibits a 
diminishing market share from almost 80% in January 2010, to 60% in December 2014. During 
the same period, the main competitor, Chi-X, increases its market share from about 10% to 
25%. As a reflection of these changes in volume shares, our measure of fragmentation, also 
illustrated in Figure 1, increases from 1.6 to 2.3 over the sample period.  

Classification of transactions 

In order to analyze whether benefits from fast and fragmented trading trickle down to 
retail investors, we need to distinguish between transactions by retail investors and others. In 
addition, to see if retail investors can gain execution advantages from sophisticated brokers, we 
want to make a distinction between transactions executed by brokers for their own account 
and those when brokers act on behalf of their clients. The TRS rules oblige the brokers to 
indicate for each transaction whether it is executed in their capacity as “principal” (i.e., for their 
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own account) or “agent” (i.e., on behalf of a client). We refer to the former as “proprietary” and 
the latter as “client” transactions. The TRS also provides extensive guidelines for determining 
the proper capacity under various trading scenarios, which we use to classify transactions as 
own account or client. In the category of own-account transactions, we subcategorize 
transactions based on whether they come from an HFT firm or not, referring to them as HFT  or 
proprietary transactions. 

In order to identify retail client transactions, we first identify transactions by institutional 
clients. Whenever a client is itself a registered investment firm, the broker is required to report 
the client's BIC code to the TRS. Hence, we identify all client IDs that fit the format of a BIC code 
as institutional clients. We consider clients not meeting this criterion as retail.6 However, not all 
institutions register under a BIC code (and not all brokers appear to abide by this requirement). 
Hence, we run the risk of misclassifying institutional clients as retail. To circumvent this risk, in 
later analyses, we split the retail clients into sub-groups based on their trading volume over our 
sample period. Here we argue that clients, who we categorize as retail, with large trading 
volumes, might be institutional. 

We separate proprietary transactions into transactions by HFTs and by other firms 
engaging in proprietary trading.  

Insert Table 2 here 

Table 2 displays summary statistics of transactions by investor type. On average, during 
the entire sample period, client transactions constitute 20.7% of the total trading volume, and 
the corresponding own account share is 79.3%. Among the client transactions, we identify 

                                                 
6 A few of the brokers do not adhere to the unique client identification scheme and use generic descriptions, like “INTERNAL” in the client field. We report the statistics for this group as “Unidentified” in Table 2 but exclude them from later analyses. 
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11.3% as retail, and the rest are either institutional (5.8%) or undefined (3.6%). Moreover, 
HFTs’ share of the total trading volume equals 14.8%, while proprietary transactions account 
for 64.5%. Separating between active and passive transactions, we note that transactions by 
HFTs and institutional clients are more often passive than active (with an average 
active/passive ratio below one). Proprietary and retail transactions, on the other hand, have an 
average active/passive ratio above one. 

The two last columns in Table 2 displays the Walk-the-book ratio and the Hidden ratio, i.e., 
the relative share of active volume executed at prices beyond the best available level in the 
order book, and at hidden liquidity, respectively. Both transaction types occur very rarely 
during our sample period.  

Insert Figure 2 here 

Figure 2 shows the development of the share of the monthly trading volume for retail 
transactions, proprietary transactions, and HFT transactions. Retail investors’ share of total 
trading volume decreases from almost 25% in January 2010 to less than 8% in December 2014. 
Over the same period, HFTs increase their volume share from 6% to 13%. Similarly, proprietary 
traders’ volume share increases from 56% to 74%. Thus, in the last month of our sample period, 
proprietary transactions account for almost 90% of the trade flow. 

Classification of brokers 

We define all firms that are not HFTs as brokers. Brokers who almost exclusively deal with 
clients (more than 99% of volume) we term Agency brokers. We classify all other brokers as 
either Fast or Slow, depending on whether they invest in sophisticated trading technology. We 
see sophistication as consisting, on the one hand, of speed, and, on the other hand, of SORs, that 
is taking advantage of differences in market conditions across several venues. Accordingly, we 
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develop the following three-step approach to measure sophistication. First, we consider the set 
of all actively executed proprietary transactions for each broker. Second, we look for instances, 
where a transaction on one venue is followed by a transaction in the same stock but with the 
opposite direction on a different venue (e.g., a buy on NOMX followed by a sell on Chi-X). Third, 
we measure the delay between the two transactions in all such cases and calculate the first 
percentile. 

In other words, we capture how fast a given broker can consistently perform a round-trip 
trade across two venues. One motivation for such activity would be cross-venue arbitrage. Note 
that the first step immediately puts all agency brokers in the unsophisticated category, which 
is consistent with these brokers generally competing on cost, rather than technology. Similarly, 
all brokers active on only one venue are considered unsophisticated in our setting. For other 
brokers we impose a maximum delay threshold of one second to qualify as sophisticated. In all, 
there are seventeen proprietary and eight hybrid firms meeting this requirement. Reassuringly, 
the set of sophisticated brokers include several of the well-known international high-frequency 
trading firms. We also do not observe firms barely missing the one-second threshold: the next-
lowest value above one second is two seconds among proprietary and 2.6 seconds among 
hybrid firms. 

4.  EMPIRICAL RESULTS 
In this section, we first analyze execution quality for different types of transactions. In 

particular, we examine whether the degree of HFT activities and fragmentation have different 
impact on transactions that brokers execute for their own account (proprietary) versus on 
behalf of retail clients. Second, we compare execution quality of proprietary and retail 
transactions at different brokers. Third, we perform the effective spread decomposition in 
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order to investigate how different types of investors, by choosing different types of brokers, 
manage the challenges from fast and fragmented markets. 

Execution quality across investor groups 

We begin by comparing execution quality for proprietary and client transactions. Table 2 
contains the average global effective spread for different investor groups, separated between 
active and passive transactions. Only for HFT transactions is the spread earned from passive 
execution higher than the spread paid on active execution (2.86 bps versus 2.14 bps). This 
suggests that HFT transactions are overall profitable in terms of spread. Proprietary 
transactions pay slightly more in the active trading (2.64 bps) than they receive in passive 
trading (2.57 bps). The spread paid on actively executed client transactions is higher than the 
spread earned on passive executions. The disparity is particularly apparent for retail client 
transactions (3.29 bps in active trading versus 2.61 bps in passive trading). The relatively poor 
outcome for retail investors in terms of spreads is consistent with that they trade for liquidity 
reasons, and thus derive utility from trading. 

The high Active/Passive ratio of 1.05 for the retail client group further accentuates the 
result that retail investors' transactions are associated with a relatively high average spread in 
their active transactions. Malinova, Park and Riordan (2013) argue that sophisticated traders 
crowd out less sophisticated ones from the passive side, meaning the latter ones have to rely 
on market orders for execution. The percentage of actively executed retail client transactions 
that we obtain (50%) is similar to theirs (53%), offering some support for the crowding-out 
hypothesis. Alternatively, the high frequency of active orders may reflect that retail investors 
have a high impatience relative other trader groups. Overall, retail clients appear to be at a 
disadvantage regarding the magnitude of the spread and the likelihood of actually paying it. 
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Insert Figure 3 here 

Figure 3 displays the monthly average execution quality, GES, for HFT, broker proprietary 
transactions, and broker transactions on behalf of retail clients. It is apparent that active 
spreads, shown in panel (a), go down over the sample period, consistent with improvements in 
overall market quality documented in numerous other studies. However, active spreads do not 
go down equally for all types of transactions. For retail transactions, the decrease is 15%, from 
3.8 bps in January 2010, to 3.2 bps in December 2014. For proprietary transactions, the 
decrease is more substantial, 38%, from 3.6 bps to 2.2 bps. Finally, HFTs’ active spreads are 
also decreasing, 35%, from 2.8 bps to 1.8 bps. HFTs are consistently paying lower active spreads 
than other investor types over the sample period. However, towards the end of the sample 
period, active spreads are almost the same for HFTs’ and proprietary transactions. 
Interestingly, during the first part of the sample period, active proprietary transactions execute 
at an average effective spread level comparable to corresponding retail transactions. However, 
towards the end of the sample, retail investors clearly achieve lower execution quality than 
both HFT and proprietary traders in their active transactions. This is suggestive evidence that 
brokers are in general able to capture improvements in overall market quality for their 
proprietary transactions, but that is only partially trickling down to retail investors. 

In panel (b) of Figure 3, we show the corresponding development of the global effective 
spread for passive transactions for the same three different types of transactions. For the most 
part, HFTs are earning the highest passive spread, but the differences to proprietary 
transactions and retail transactions are small, especially towards the end of the sample period. 
Over the sample period, all three experience a decrease in passive spread. Retail transactions’ 
passive spread decreases with 40% (from 3.4 bps to 2.1 bps), while corresponding decreases 
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in passive spread for proprietary and HFT transactions are 31% (from 3.3 bps to 2.3  bps) and 
39% (from 3.8 bps to 2.3 bps) respectively.  

Next, we examine whether differences in spreads across types of transactions relate to 
HFT activity and the degree of fragmentation. Several studies7 document a causal link between 
greater HFT activity and lower spreads but it could still be that HFTs disproportionately target 
and “pick off” retail traders. Alternatively, it could be that reductions in the spread derive from 
smart order routing (SOR), the practice of sending orders to the venue with the best quotes, 
which might not be available to retail investors. 

Insert Table 3 here 

To test these explanations, we regress active and passive global effective spread on the 
retail client dummy variable, the market complexity variables and other explanatory variables, 
according to equation (3). We exclude transactions by HFTs, so the coefficient on the dummy 
variable shows the difference in active (passive) spread between retail and proprietary 
transactions. Table 3 contains the regression results, which first confirm that retail investors 
pay significantly higher active spreads, and earn significantly lower passive spreads, than 
proprietary investors do. Given that retail investors tend to have longer investment horizons 
than those who trade directly at the exchange, this result is expected, and in line with previous 
research showing that proprietary investors and HFTs outperform other investor groups over 
short-term horizons (see, e.g., Hagströmer and Nordén, 2013). 

The coefficient for HFT share is significantly negative in both regressions. Hence, the 
effective spread for both active and passive transactions correlates negatively with HFT 
activity. Using HFTs’ share of trading volume as a proxy for the extent of fast trading in different 

                                                 
7 See footnote 1.  
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stocks and over time, the regression results are consistent with the idea that trading costs are 
lower in stocks, and at times, when trading is faster. The interaction variable between the retail 
dummy and HFT share has an insignificant coefficient in the regression for active transactions, 
and a significantly negative one in the regression for passive transactions. Hence, fast trading 
is associated with an equally lower effective spread for active retail and proprietary 
transactions, and with a slightly lower spread for passive retail transactions than for passive 
proprietary transactions.  

Fragmentation affects effective spreads in a similar, but less pronounced, manner as fast 
trading. The coefficient for fragmentation index is negative though not significant in the 
equation for active transactions and significantly negative only at the 10% level in the equation 
for passive transactions. Accordingly, a higher fragmentation brings down the effective spreads, 
at least for passive executions. Moreover, the small fragmentation effects affect retail and 
proprietary transactions equally, as each coefficient for the interaction between the 
fragmentation index and the retail dummy variable is not significantly different from zero. 

We conclude that for passive trading, retail traders suffer when the HFT activity is high, 
while for active trading, there is no direct evidence of market complexity standing in the way 
for retail investors. 

Execution quality across investor groups by broker type 

It could be that retail transactions suffer from worse execution quality, because they are 
predominantly channeled through brokers, who are themselves unable to compete in the fast 
and fragmented marketplace (we call them Slow), while proprietary trading is dominated by 
Fast brokers, who are able to keep up with the pace of modern trading. Table 4 presents the 
global effective spread for proprietary and retail transactions, separated with respect to the 
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type of broker who intermediate the transactions. We also report the average trading volume 
for each type of transactions, and the associated active/passive ratio.  

Differentiating the results with respect to broker type offers additional insights. For 
proprietary transactions, speed is critical to maintaining a close to zero balance of passive 
versus active spread. Only fast proprietary traders succeed in this regard, while the slow 
brokers engaging in proprietary trading pay a substantially higher spread than they earn. On 
average, fast brokers pay lower spread than slow brokers do in active proprietary transactions 
(2.59 bps vs. 3.08 bps), and earn higher spread in corresponding passive transactions (2.58 bps. 
vs. 2.47 bps). This result confirms the importance of speed in enhancing execution quality in 
proprietary trading.  

Insert Table 4 here 

In their execution of active retail transactions, fast brokers clearly deliver inferior 
execution quality relative their proprietary transactions. On average, retail clients of fast 
brokers pay almost one basis point higher active spread than the fast brokers pay themselves 
in their own trading (3.50 bps. vs. 2.59 bps.). Surprisingly, they also pay more than retail clients 
to slow brokers (3.24 bps) do, or even agency brokers (3.19 bps), who provide only minimal 
services. 

When it comes to passive retail transactions, differences between brokers are small. In 
addition, retail clients to fast brokers earn an average passive spread on par with fast brokers’ 
average spread in the proprietary passive transactions. However, note the comparatively high 
active/passive ratio of 1.22 in fast brokers’ retail transactions. The relatively heavy reliance on 
expensive market orders rather than cheap limit orders tends to worsen execution quality for 
fast brokers’ retail clients. Given that fast brokers do not appear to deliver lower active spreads 
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to their clients, it is troubling to see the rather large skew towards the use of market orders for 
retail transactions. When trading through a fast hybrid broker, a retail order is more likely to 
execute actively than passively. This means a much higher likelihood of paying the spread 
rather than earning it. In principle, this could be justified by investors’ need for immediacy, but 
this argument seems implausible in the case of retail investors. In light of these findings, it 
appears rational for retail investors to channel most of their trading through agency brokers, 
which are typically the cheapest in terms of fees. 

Insert Table 5 here 

Overall, the average spread statistics in Table 4 suggest that retail investors gain nothing 
from choosing execution services from fast brokers rather than slow or agency brokers. Next, 
we turn to investigate if retail investors seek to tackle the increased complexity by purchasing 
more sophisticated brokerage services. Table 5 contains results from the effective spread 
regressions according to equation (4). For active retail transactions, we note significantly 
positive coefficients (on the 1% level) for both interaction variables between broker dummy 
variables and the fragmentation index. Moreover, in the regression for passive retail 
transactions, we observe corresponding significantly negative coefficients. Accordingly, 
relative fast brokers, agency brokers and slow brokers perform worse when executing both 
active and passive retail transactions in stock-months with higher Fragmentation. Interestingly, 
the coefficients for Fragmentation itself are not significantly different from zero. Fragmentation 
shows up significantly only when we interact it with broker dummy variables. Hence, the 
broker dimension is essential for handling the complexity of fragmented markets. 

Table 5 shows significantly negative coefficients for the variable HFT Share in the 
regressions for both active and passive retail transactions. Hence, in stock-months with a higher 
HFT Share retail investors pay lower spreads in active transactions and receive lower spreads 
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in passive transactions. Interestingly, the interaction variables between broker dummy 
variables and HFT Share do not show up significantly different from zero in the regression for 
active retail transactions. Only in the corresponding regression for passive retail transactions 
do we observe a significantly negative coefficient (on the 1% level) for the interaction variable 
between the agency broker dummy variable and HFT Share. Apparently, the broker choice does 
not matter for the execution of active retail transactions. However, in passive transactions, 
retail investors can overcome some of the difficulties associated with competing with high-
frequency traders about passive order flow by purchasing sophisticated brokerage services. 

In the regression for active retail transactions, after controlling for the effects from speed 
and fragmentation, the retail spreads are significantly lower for both the agency brokers and 
the slow brokers, relative the fast brokers. In terms of passive spreads, fast brokers seem to 
have an edge over slow brokers when executing retail client transactions. Passive transactions 
on behalf of retail clients executed by slow brokers have a significantly lower spread (at the 1% 
level) than those executed by fast brokers. However, passive retail transactions intermediated 
by agency brokers earn a significantly higher spread than retail transactions going through fast 
brokers.  

The regression results in Table 5 confirm that fast brokers’ proprietary transactions incur 
a significantly lower spread in active trading (at the 1% significance level), and earn a 
significantly higher spread in passive trading (also at the 1% level), relative slow brokers' 
proprietary transactions. In view of such clear differences, it is perhaps surprising to see that 
the relatively superior execution quality of fast brokers in their proprietary trading does not 
carry over to the execution of retail client transactions. 

Effective spread decomposition 
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We present the results from the decomposition of the global effective spread in Table 6. 
Accordingly, we decompose the global effective spread into the order routing spread and the 
potential spread. This decomposition is primarily relevant for the evaluation of active 
transactions, where the exact timing of the execution is within the control of the broker. For 
passive transactions, the order routing spread shows how much revenue comes from passively 
executing at a venue that currently does not have the best price. This is arguably something that 
is not within the control of the broker. Hence, in the following we focus on the active 
transactions. 

Insert Table 6 here 

Table 6 holds average components of the global effective spread, resulting from our 
decomposition, for active proprietary and retail transactions, executed by different broker 
types. The results show that the general difference (irrespective of broker type) between trader 
groups in active trading is primarily due to market timing, rather than the choice between 
trading venues. The active global effective spread is 2.64 bps for proprietary transactions and 
3.29 bps for retail transactions. The corresponding order routing spreads are 0.09 bps and 0.09 
bps respectively. Hence, the order routing spread explains only 3.48% of the global effective 
spread for active proprietary transactions and 2.58% for corresponding retail transactions. 
Evidently, the key to good retail execution quality lies in liquidity timing. 

Insert Table 7 here  

Table 7 contains regression results according to equation (4) with each of the two 
components of the effective spread, order routing spread and potential spread respectively, as 
dependent variable. From Table 6, we note that the potential spread is the dominating part of 
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the global effective spread. Hence, we focus on the regression results for retail transactions’ 
potential spread. In essence, the results from Table 5 are very similar to those in Table 7.  

Again, we observe significantly positive coefficients (on the 1% level) for both interaction 
variables between broker dummy variables and the fragmentation index. Hence, relative fast 
brokers, agency brokers and slow brokers have worse market timing when executing active 
retail transactions in stock-months with higher Fragmentation. The interaction variable 
between the agency broker dummy variable and HFT Share is significantly different from zero 
(on the 10% level). Overall, sophisticated brokers outperform other brokers in liquidity timing 
in stock-months with high HFT Share and Fragmentation.  

5.  CONCLUDING REMARKS 
We find that the well-documented improvements in execution quality in recent years do 

not accrue equally to all types of investors. The main beneficiaries of falling spreads over the 
2010-2014 period are proprietary traders, while retail investors are clearly lagging behind. The 
execution costs fall for retail investors as well, but the gap in execution cost between retail and 
proprietary investors increases over our sample period. We document that the increasing 
market quality is paralleled by increasing market complexity, and we investigate whether that 
is the reason that the benefits to retail investors are limited.  

To analyze the effects of market complexity we relate the difference in execution quality 
between retail and proprietary investors to the degree of fragmentation and HFT activity. Our 
identification strategy is that if market complexity is equally burdensome to all investors, then 
the gap in execution quality should be unrelated to proxies of market complexity. This is not 
the case for passive trading, where we find that retail traders earn lower spreads (relative 
proprietary traders) when the HFT activity is high. For active trading, in contrast, we do not 
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find direct evidence of market complexity standing in the way for retail investors. We do find, 
however, that retail investors turn to sophisticated brokers to overcome market complexity in 
their active executions, both for order routing and for liquidity timing. As sophisticated 
brokerage services are potentially costly, this constitutes further evidence that market 
complexities works as a friction toward retail investors. 
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Table 1: Summary of transactions by exchange 

 Transactions Trading Volume Average Trade Size (SEK) 
Av. Local Effective Spread 

Av. Global Effective Spread Exchange Number % of Total Bln. SEK % of Total 
Panel A: all trades reported in the TRTH database 
BATS 39,243 9.7% 1.61 6.8% 41,066 3.93 2.88 
Burgundy 14,440 3.6% 0.81 3.4% 56,215 5.85 4.73 
Chi-X 103,408 25.4% 4.82 20.4% 46,579 3.69 2.97 
Turquoise 28,283 7.0% 1.22 5.2% 43,134 3.93 2.68 
NASDAQ-OMX 221,273 54.4% 15.11 64.1% 68,304 3.83 2.60 
Panel B: all trades reported in the TRTH database that can be matched against the TRS database 
BATS 32,590 9.4% 1.32 6.5% 40,584 3.88 2.84 
Burgundy 11,654 3.4% 0.64 3.2% 55,192 4.93 3.80 
Chi-X 79,788 23.1% 3.72 18.3% 46,568 3.64 2.93 
Turquoise 22,601 6.5% 0.98 4.8% 43,321 3.83 2.61 
NASDAQ-OMX 198,882 57.6% 13.59 67.1% 68,343 3.79 2.54 

Table 1 provides summary statistics on transactions in OMXS 30 stocks across the main exchanges where the 
stocks are listed. Statistics are the daily average number of transactions, daily average trading volume in billion 
SEK, average trade size in SEK, the average local effective spread (the average difference between the transaction 
price and the corresponding local bid-ask spread midpoint prevailing just prior to the transaction, expressed in 
basis points), and the average global effective spread (the average difference between the transaction price and 
the corresponding global bid-ask spread midpoint prevailing just prior to the transaction, expressed in basis 
points). The statistics are for all trades reported in the Thomson Reuters Tick History database (TRTH) in Panel A, 
and those that can be successfully matched against the Transaction Reporting System (TRS) database in Panel B. 
Sample period covers all trading days between January 1, 2010, and December 30, 2014. 
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Table 2: Execution quality and trading volume by investor type 

 Global Effective Spread Trading Volume 
Active/Passive Ratio Walk the Book Ratio Hidden Ratio Investor Type Active Passive Bln. SEK % of Total % Active % Passive 

Own account 2.55 2.62 14.92 79.3% 0.50 0.48 1.04 0.02 0.01 
HFT 2.14 2.86 2.78 14.8% 0.47 0.50 0.94 0.02 0.01 
Proprietary 2.64 2.57 12.14 64.5% 0.50 0.47 1.06 0.03 0.01 

Client 3.15 2.62 3.90 20.7% 0.48 0.50 0.97 0.04 0.01 
Retail 3.29 2.61 2.12 11.3% 0.50 0.48 1.05 0.04 0.01 
Institutional 2.97 2.66 1.09 5.8% 0.47 0.51 0.92 0.03 0.01 
Undefined 2.94 2.58 0.68 3.6% 0.43 0.54 0.81 0.04 0.01 

Total 2.67 2.62 18.81 100.0%  0.49 0.48 1.02 0.03 0.01 
Table 2 displays the average global effective spread (the average difference between the transaction price and the corresponding global bid-ask spread midpoint prevailing 
just prior to the transaction, expressed in basis points), and the daily average trading volume in billion SEK, in transactions in OMXS 30 stocks for different investor types, 
separated between passive and active transactions. Active/Passive Ratio is active volume divided by passive volume, Walk the Book Ratio is active volume that walks the 
order book divided by total active volume, Hidden Ratio is active volume that executes against hidden orders divided by total active volume. The table contains statistics for 
all trades reported in the Thomson Reuters Tick History database (TRTH) that can be successfully matched against the Transaction Reporting System (TRS) database. Bulk 
transactions, i.e., transactions that are made for multiple clients at the same time, and that are reported as single transactions in the TRTH (and Table 1), are separated. 
Sample period covers all trading days between January 1, 2010, and December 30, 2014. 
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Table 3: Global effective spread regressions by investor type 

 Active Passive 
 2.993*** 2.883***  (24.11) (24.15) 

 0.586*** -0.135***  (16.65) (-11.53) 
×HFT Share -0.009 -0.033***  (-0.36) (-3.17) 

HFT Share -0.212*** -0.223***  (-5.36) (-5.39) 
×Fragmentation index 0.009 -0.010  (0.49) (0.59) 

Fragmentation index -0.056 -0.091*  (-1.12) (-1.96) 
Volume (SEK bln.) -0.209*** -0.160***  (-3.57) (-3.23) 
RV (bps) 0.271*** 0.220***  (3.34) (3.03) 
Size (SEK bln.) -0.174 -0.122  (-1.17) (-0.81) 
N. of Obs. 3,224 3,224 

 adj. 0.591 0.579 
In Table 3, we distinguish between proprietary and client transactions, and regress the global effective spread 
(separately for passive and active transactions) on a client dummy variable, market complexity variables and 
standardized control variables: 

, = + , + ′ , + ′ , × , + ′ , + ,  

where ,  is a dummy variable equal to one for transactions by retail investors, and zero otherwise. ,  is 
a vector containing the complexity variables HFT share, which is the volume market share for high-frequency 
traders, and Fragmentation index, which is the inverse of a Herfindahl index of trading volumes across the five 
largest trading venues (BATS, Burgundy, Chi-X, NASDAQ OMX Stockholm, and Turquoise), where fragmentation 
index = 1 means all trading is concentrated to one venue. ,  is a vector with other explanatory variables. Variables 
in ,  are: trading volume in billion SEK (Volume); stock realized volatility during the ten seconds preceding 
transaction t in basis points (RV); firm size in billion SEK. The coefficient  represents execution quality for 
proprietary investor transactions. Each regression includes stock and month fixed effects. Residuals are clustered 
on stock. t-values are in parentheses. *, **, *** indicate statistical significance at the 10%, 5%, and 1%, respectively. 
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Table 4: Execution quality by investor type and broker type 

 
 

Global Effective Spread Trading Volume  (Bln. SEK/%) Active/Passive Ratio Broker Type Active Passive 
Proprietary 2.64 2.57 12.14 1.06 

Fast 2.59 2.58 10.69 1.09 
Slow 3.08 2.47 1.53 0.83 

Retail 3.29 2.61 2.12 1.05 
Agency 3.19 2.63 1.19 0.98 
Fast 3.50 2.61 0.59 1.22 
Slow 3.24 2.53 0.34 1.05 

Table 4 summarizes execution quality for different types of transactions. The first row of each panel contains 
aggregate results across all brokers dealing in a given type of transactions. Other rows of each panel present the 
same measures for each broker type individually. The first two columns show the volume-weighted average Global 
Effective Spread (VWGES), separately for actively and passively executed transactions. Column 3 gives the average 
daily volume, in billions of SEK and excluding midpoint executions, for each transaction type (or the percentage 
share of each broker type). The last column presents the ratio between the SEK volume of active and passive 
execution. Sample period covers all trading days between January 1, 2010, and December 30, 2014. 
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Table 5: Execution quality regressions by investor type and broker type 

 Proprietary Retail 
 Active Passive Active Passive 

 3.170*** 3.193*** 3.621*** 3.267***  (28.49) (25.61) (29.72) (20.88) 
   -0.111*** 0.150***    (-7.40) (6.79) 

 0.440*** -0.043*** -0.137*** -0.079***  (21.25) (-3.89) (-5.98) (-3.77) 
HFT Share -0.230*** -0.200*** -0.235*** -0.176***  (-5.66) (-4.52) (-4.33) (-3.91) 

×HFT Share   -0.016 -0.080***    (-1.33) (-3.28) 
×HFT Share 0.022 -0.016 0.007 -0.012  (1.14) (-1.45) (0.37) (-0.51) 

Fragmentation index -0.036 -0.085* -0.093 -0.022  (-0.70) (-1.91) (-1.50) (-0.44) 
× Fragmentation index   0.072*** -0.091*** 

   (3.45) (-3.65) 
× Fragmentation index -0.033** 0.025* 0.071*** -0.057** 

 (-2.50) (1.89) (3.61) (-2.62) 
Volume (SEK bln.) -0.212*** -0.105* -0.246*** -0.171***  (-3.26) (-1.99) (-3.16) (-3.17) 
RV (bps) 0.269*** 0.216*** 0.249** 0.235***  (2.96) (2.95) (2.57) (2.97) 
Size (SEK bln.) -0.202 -0.203 -0.257 -0.089  (-1.18) (-1.26) (-1.46) (-0.61) 
N. of Obs. 51,313 47,656 38,268 35,992 

 adj. 0.181 0.187 0.134 0.133 
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In Table 5, we distinguish between transactions for different investor types, carried out by different broker types. 
For each type of investor transactions j, where j represents either proprietary or retail investors, we regress each 
execution quality measure on broker dummy variables, market complexity variables and control variables: 

, , = , + ′ , , + ′ , , + ′ , , × , , + ′ , , + , ,  

where the vector , ,  contains two dummy variables: , , , which is equal to one if the transactions are 
carried out by slow brokers, and zero otherwise, and , , , which is equal to one if the transactions are carried 
out by agency brokers, and zero otherwise. ,  is a vector containing the complexity variables HFT share, 
which is the volume market share for high-frequency traders, and Fragmentation index, which is the inverse of a 
Herfindahl index of trading volumes across the five largest trading venues (BATS, Burgundy, Chi-X, NASDAQ OMX 
Stockholm, and Turquoise), where fragmentation index = 1 means all trading is concentrated to one venue. ,  is 
a vector with other explanatory variables. Variables in ,  are: trading volume in billion SEK (Volume); stock 
realized volatility during the ten seconds preceding transaction t in basis points (RV); firm size in billion SEK. The 
coefficient ,  represents execution quality for fast brokers' transactions. Each regression includes stock and 
month fixed effects. Residuals are clustered on stock. t-values are in parentheses. *, **, *** indicate statistical 
significance at the 10%, 5%, and 1%, respectively. 
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Table 6: Effective spread decomposition by investor type and broker type 

Broker Type Global Effective Spread Invisible Part (%) Order Routing Spread (%) Potential Spread (%) 
Proprietary 2.64 0.10 (3.94%) 0.09 (3.48%) 2.44 (92.6%) 

Fast 2.59 0.09 (3.60%) 0.09 (3.34%) 2.41 (93.0%) 
Slow 3.08 0.18 (5.97%) 0.14 (4.48%) 2.76 (89.6%) 

Retail 3.29 0.22 (6.72%) 0.09 (2.58%) 2.99 (90.7%) 
Agency 3.19 0.20 (6.35%) 0.07 (2.34%) 2.92 (91.3%) 
Fast 3.50 0.24 (6.99%) 0.10 (2.97%) 3.15 (90.0%) 
Slow 3.24 0.24 (7.40%) 0.08 (2.62%) 2.91 (90.0%) 

Table 6 displays the average global effective spread (the average difference between the transaction price and the 
corresponding global bid-ask spread midpoint prevailing just prior to the transaction, expressed in basis points) 
in active transactions in OMXS 30 stocks for different investor types and broker types. The decomposition of the 
global effective spread is made according to the following: 

= − ) + − + −  

where  is the transaction price,  is the best visible price at the exchange where the trade is executed, just 
before the transaction,  is the best price available across trading venues, just before the transaction,  
is the global (consolidated) midpoint, taking limit orders from all main exchanges into account, and  indicates 
the direction of trade, taking the value +1 for buyer-initiated trades, -1 for seller-initiated trades, and 0 for 
midpoint trades. The first term on the right hand side is the invisible component of the order routing quality part 
of the effective spread, the second term is the order routing spread, and the third term is the potential spread. The 
index t is used for transactions ( = 1, … , , with T being the number of transactions). Effective spread components 
are obtained for all trades reported in the Thomson Reuters Tick History data base (TRTH) that are successfully 
matched against the Transaction Reporting System (TRS) data base. Bulk transactions, i.e., transactions that are 
made for multiple clients at the same time, and that are reported as single transactions in the TRTH (and Table 1), 
are separated. Sample period covers all trading days in April and May 2013. Sample period covers all trading days 
between January 1, 2010, and December 30, 2014.
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Table 7: Order routing and potential spread regressions by investor type and broker type 

 Order Routing Spread Potential Spread 
 Proprietary Retail Proprietary Retail 

 0.096*** 0.123*** 3.056*** 3.500***  (3.93) (4.19) (25.30) (27.55) 
  0.034***  -0.117***   (3.57)  (-7.56) 

 0.058*** 0.017*** 0.354*** -0.095***  (9.49) (3.09) (22.18) (-4.95) 
HFT Share -0.005 -0.011 -0.219*** -0.215***  (-0.58) (-1.44) (-5.13) (-3.97) 

×HFT Share  -0.015**  0.028*   (-2.37)  (1.71) 
×HFT Share 0.008 -0.007 0.004 0.014  (1.46) (-1.01) (0.25) (1.13) 

Fragmentation index 0.032*** -0.005 -0.053 -0.075  (4.67) (-0.63) (-0.97) (-1.14) 
× Fragmentation index  -0.003  0.044**   (-0.39)  (2.34) 

× Fragmentation index -0.042*** 0.014* 0.005 0.045***  (-5.02) (1.86) (0.35) (2.90) 
Volume (SEK bln.) 0.001 -0.009 -0.226*** -0.258***  (0.18) (-1.14) (-3.44) (-3.65) 
RV (bps) 0.029*** 0.015 0.223** 0.206**  (3.84) (1.52) (2.34) (2.07) 
Size (SEK bln.) -0.033* -0.005 -0.136 -0.218  (-1.81) (-0.28) (-0.80) (-1.27) 
N. of Obs. 51,313 38,268 51,313 38,268  adj. 0.024 0.020 0.220 0.177 
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In Table 7, we distinguish between transactions for different investor types, carried out by different broker types. 
For each type of investor transactions j, where j represents either proprietary or retail investors, we regress each 
execution quality measure (for active transactions) on broker dummy variables, market complexity variables and 
control variables: 

, , = , + ′ , , + ′ , , + ′ , , × , , + ′ , , + , ,  
where the vector , ,  contains two dummy variables: , , , which is equal to one if the transactions are 
carried out by slow brokers, and zero otherwise, and , , , which is equal to one if the transactions are carried 
out by agency brokers, and zero otherwise. ,  is a vector containing the complexity variables HFT share, 
which is the volume market share for high-frequency traders, and Fragmentation index, which is the inverse of a 
Herfindahl index of trading volumes across the five largest trading venues (BATS, Burgundy, Chi-X, NASDAQ OMX 
Stockholm, and Turquoise), where fragmentation index = 1 means all trading is concentrated to one venue. ,  is 
a vector with other explanatory variables. Variables in ,  are: trading volume in billion SEK (Volume); stock 
realized volatility during the ten seconds preceding transaction t in basis points (RV); firm size in billion SEK. The 
coefficient ,  represents execution quality for fast brokers' transactions. Each regression includes stock and 
month fixed effects. Residuals are clustered on stock. t-values are in parentheses. *, **, *** indicate statistical 
significance at the 10%, 5%, and 1%, respectively. 
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Figure 1: The share of the monthly trading volume in billion SEK in OMXS 30 stocks across the main exchanges 
where the stocks are listed. The statistics are obtained for all trades reported in the Thomson Reuters Tick History 
database (TRTH) in Panel A of Table 1, and those that can be successfully matched against the Transaction 
Reporting System (TRS) data base in Panel B of Table 1. Sample period covers all trading days between January 1, 
2010, and December 30, 2014. 
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Figure 2: The share of the monthly trading volume in billion SEK in OMXS 30 stocks for high-frequency traders’ 
(HFTs’) transactions, proprietary transactions, and retail transactions. The statistics are obtained for all trades 
reported in the Thomson Reuters Tick History database (TRTH) in Panel A of Table 1, and those that can be 
successfully matched against the Transaction Reporting System (TRS) data base in Panel B of Table 1. Sample 
period covers all trading days between January 1, 2010, and December 30, 2014. 
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Figure 3: The average monthly global effective spread across OMXS 30 stocks for active transactions by high-frequency traders (HFTs), proprietary traders, and retail clients. 
The statistics are based on all trades reported in the Thomson Reuters Tick History database (TRTH) that can be successfully matched against the Transaction Reporting 
System (TRS). Sample period covers January 2010 until December 2014. 

(a) active transactions 

 

(b) passive transactions 
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