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Abstract

So-called neo-brokers like Trade Republic or Robinhood offer retail customers access to trading
in capital markets at very low (or even zero) transaction costs, enabled by payment for order
flow (PFOF). Because retail customers tend to be uninformed, their orders are less risky for
market makers (or suppliers of liquidity in general) and thus cheaper to fill. Consequently, retail
customers should pay lower spreads than institutions. Yet in traditional markets all traders are
pooled and pay the same spread. Payment for order flow separates retail customer orders from
the overall order flow and thus allows for price differentiation. The market maker (in regard of
the low risk of retail orders) pays a fee to the broker. The broker, in turn, passes on some of the
fee to the customer in the form of lower commissions. Critics argue, however, that payment for
order flow harms liquidity and price discovery on public exchanges because it diverts retail
order flow away from these venues.

To test the impact of payment for order flow on market quality, we conduct a unique field
experiment in which payment for order flow for retail orders of one large neo-broker is switched
off and on again for a randomly selected sample of stocks. This setting creates a truly exogenous
shock to the amount of payment for order flow and thus enables causal inference on the impli-
cations for market quality of payment for order flow.

The investigation is carried out as a differences-in-differences analysis. Randomly selected
from a group of stocks where the German neo-broker Trade Republic has a high market share
in daily trade volume, we deliberately "switched off" payment for order flow for a treatment
group of 10 stocks by routing retail orders directly to the main market Xetra as the treatment.
On treatment days, this leads c.p. to an increase in trading in Xetra due to additional orders
from investors who tend to be uninformed. The number of additional traded shares was in the
millions and therefore is economically significant. This treatment was not applied to a control
group of twelve similar stocks in the same period, so that we can compare market quality
measures before, during and after treatment, for the treatment and control groups.

With this experimental  set-up, we are able to test  the hypotheses raised by PFOF critics that
liquidity and informational efficiency of prices are systematically worse under a PFOF system
than they would otherwise (i.e.  without PFOF) be.  The results of our empirical  study do not
support the arguments of the PFOF critics. Our main findings can be summarized as follows:

∂ all the measures of market quality examined (capturing both liquidity and price discov-
ery) did not change in a statistically significant way on the treatment days, when com-
pared to the control group,

∂ despite the high proportion of additional retail orders for treated shares during the ex-
periment, trading in Xetra is not more liquid and informational efficiency is not higher
as without the treatment.

The most important policy implication of our analysis is that a unilateral ban on payment for
order flow, as currently discussed in the EU, is not warranted. Our results show that even large
volumes of retail orders withdrawn by payment for order flow do not affect market quality.
Also, in our theoretical analysis, we show that the existence of other arrangements which allow
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for price differentiation between informed and uninformed traders (like internalization and ded-
icated retail exchanges) are fundamentally equivalent to payment for order flow, such that these
arrangements should be treated equally in terms of regulation.

Finally, our analysis implies that the most crucial desirable regulatory instrument to achieve
fair stock trading for all market participants in the EU is the creation of pre-trade price trans-
parency about the trading opportunities for participants in all markets at any point in time, sim-
ilar to the so-called National Best Bid and Offer price (NBBO) in the U.S.
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1 Objectives
So-called neo-brokers like Trade Republic or Robinhood offer retail customers access to trading
in capital markets at very low (or even zero) transaction costs. This is possible because neo-
brokers exploit economies of scale through their web-based customer service and modern IT
infrastructure. In addition, neo-brokers route their retail customers’ orders to a limited number
of  specific  brokers  (wholesalers),  who  in  return  pay  the  neo-broker  for  the  order  flow.  The
wholesaler earns the bid-ask-spread. As retail trades are unlikely to be driven by information
unknown to the market,4 these trades can be exercised at lower bid-ask spreads as the wholesaler
(or market makers) does not have to include an adverse selection cost into the bid-ask-spread.
Recent studies indicate that this leads to significant reductions in direct and indirect costs of
order executions for neo-brokers’ retail customers.5

The rise of the neo-brokers has, however, renewed the debate about the impact of payment for
order flow (PFOF) on market quality, as some parties allege that withdrawing retail orders from
the primary exchange harms investors in general due to reduced market quality, traditionally
measured by liquidity and price discovery. These allegations have triggered a regulatory debate
which  led,  for  example,  the  EU  to  make  a  proposal  for  an  amendment  to  the  EU  directive
2014/65/EU (“Mifid”) aiming at prohibiting payment for order flow in general. However, alle-
gations related to a harmful impact of PFOF on market quality, are, so far, not based on empir-
ical evidence. Such evidence would require observation and analysis of a counterfactual world
to compare market quality with and without the withdrawal of retail customers’ orders from the
main market, which is difficult to achieve.

In this context, the German neo-broker Trade Republic mandated us to provide an independent
expert opinion to assess the impact of payment for order flow on market quality. The expert
opinion accordingly presents the results of this analysis. To our knowledge, our analysis is the
first  and  only  empirical  study  that  can  provide  a  causal  analysis  of  the  impact  of  PFOF  on
market quality based on state-of-the-art econometric methods and economic theory. In cooper-
ation with Trade Republic, we have conducted a field experiment where the neo-broker did not
route its retail customers’ orders for a randomly selected group of stocks over a pre-specified
time-period to a specific market place that pays for the order flow.6 Instead, for these selected
stocks and trading days, the orders were routed to the main exchange, in this case the electronic
trading platform Xetra maintained by Deutsche Börse AG.

4 See e.g. Barber/Odean (2000, 2008). Others, like Barrot/Karniel/Sraer (2016) or Boehmer et al. (2021), provide
some evidence consistent with retail order flow containing private information in the U.S.
5 Some recent studies show that retail customers benefit from neo-brokers through reduced transaction fees and
significant price improvements to their orders (relative to a major trading venue or the National Best Bid and Offer
NBBO in the U.S.), thus having lower direct and indirect costs of trading. See for example Meyer et al. (2021) or
Kothari/So (2021).
6 Under normal circumstances (i.e. without the experimental treatment), Trade Republic routes all its orders to the
stock exchange LSX against payment for order flow. LSX stands for Lang & Schwarz Exchange, a segment of the
Hamburg Stock Exchange. LSX is operated by Lang & Schwarz TradeCenter AG & Co. KG, a private brokerage
firm. However, LSX trading is monitored by the governmental Trading Surveillance Office of the Hamburg Stock
Exchange, to ensure high execution quality for retail investors. During the treatment days of the experiment, orders
for treated stocks have still been transmitted to LSX by Trade Republic, whose market makers then routed these
order directly to the Xetra trading system, without payment for order flow. See Section 4 for a test whether Trade
Republic orders actually have been routed to Xetra or not.
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This experimental design allows inferring the causal impact of PFOF on market quality:

∂ The treated group of stocks were selected from the group of stocks for which the neo-
broker had an overall market share of trading of at least 2% and up to 5% of daily trade
volume. About half of these stocks were treated (and therefore constitute the treatment
group) while the other half was not (the control group). Thus, the treatment group is
based on stocks where, without treatment, the market share of the broker is large
enough. This ensures that an economically significant impact on market quality could
be observed in the first place.

∂ Both the control group and the treatment group can be observed before, during and after
the treatment. By “switching” payment for order flow on and off under controlled cir-
cumstances, comparing measures or market quality allows to infer the potential impact
on market quality by estimating the average treatment effect. The comparison of the
treatment group with the control group via a differences-in-differences (thereafter DiD)
econometric analysis thus allows a causal assessment of the impact of PFOF on market
quality.

The analysis is structured as follows. In Section 2 we discuss the economic characteristics of
payment for order flow. Economically, it leads to a better price differentiation between in-
formed and uninformed trading. Because a separation of uniformed from informed trading may
reduce liquidity of the main exchange, we also theoretically derive the potential impact of this
liquidity reduction and postulate corresponding hypotheses. The section also comprises a sur-
vey of previous empirical studies on payment for order flow.

In Section 3, we describe the market quality measures used to assess information processing
and liquidity in stock markets which serve as our main variables to assess the impact of payment
for order flow. Liquidity measures are the time-weighted relative spread, the tick-based effec-
tive spread, the tick-based 1-minute realized spread, and the tick-based 1-minute price impact.
Price discovery measures are the absolute difference of one with the variance ratio of 5-minute
over 1-minute mid-point log-returns, the 1-minute midpoint autocorrelation, and the 1-minute
market return cross-correlation.

We then explain the methodology of a differences-in-differences analysis, describe the sample
of stocks used in the experiment and provide key descriptive statistics. Our main experiment
comprises 22 stocks, out of which 10 stocks were treated on five successive trading days. We
can observe market quality measures before, during and after the treatment days, where the
before and after period both comprise about two trading weeks each.

Finally,  Section  3  shows the  results  from differences-in-differences  analyses  using  panel  re-
gressions with stock and day fixed effects. For each of the market quality measures, one regres-
sion is conducted, testing for a causal impact of (the absence of) payment for order flow on
treatment days.

Section 4 provides results from robustness tests. In particular, we test whether Trade Republic’s
customer orders were actually routed to Xetra instead of being handled on LSX against payment
for order flow. Using a sample of 1,000 randomly drawn customer orders provided by the neo-
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broker, we were able to match about 95% of these orders to actual Xetra transactions in a 2-
hour-window, confirming that the treatment in fact occurred.

Section 5 concludes and describes regulatory policy implications of our analysis.

2 Background and Related Literature

2.1 The Economics of Payment for Order Flow
Payment for order flow is a practice by which a broker receives customer orders and routes
these orders to a market making firm for execution. The brokerage firm receives a reward (the
"payment for order flow") for the orders it executes via the market maker. This reward, in turn,
allows the brokerage firm to charge low or even zero commissions to its customers.

The market making firm usually executes the orders it receives in-house (i.e. against its own
book) rather than routing them to an exchange. Consequently, payment for order flow reduces
the on-exchange trading volume and increases the degree of fragmentation of the market. The
market making firm executes buy orders [sell orders] it receives at the ask [bid] price and con-
sequently earns the bid-ask spread.

An obvious question is if (and why) such an arrangement can be advantageous for the customer,
the brokerage firm, and the market maker.7 The main source of revenue is the bid-ask-spread
earned by the market maker. Some of the spread revenue is used for the payment for order flow,
a source of revenue for the broker. Finally, because of the payment for order flow the brokerage
firm receives, it can offer low trading commissions to the customer.

Of course, if the market-making firm were free to choose the bid and ask prices it charged to
customers, it could overcharge spreads, thereby generating profits at the expense of the cus-
tomer. In practice, however, the bid and ask prices are constrained by the bid and ask prices of
a reference market. In the case of Trade Republic, the reference market is Xetra.8 The customer
is guaranteed execution at prices which are no worse than the prices at which an equally sized
order would execute on Xetra at the same time.

With this restriction in place, it is not obvious how the payment for order flow arrangement can
generate profits. The bid-ask spreads on Xetra are a reflection of the cost of market making.

7 Payment for order flow arrangements emerged in the US in a time when the minimum tick size in US equity
markets was 12.5 cents (one eighths of a dollar). The bid-ask spread in such an environment can only be a multiple
of 12.5 cents, i.e. 12.5 cents, 25 cents, etc. Now consider a stock with an equilibrium spread of 15 cents (for the
determinants of the equilibrium spread, see further down in the main text). Because a spread of 12.5 cents would
result in losses to the suppliers of liquidity, the spread in this market will be 25 cents, 10 cents above the equilib-
rium spread. Consequently, executing trades is profitable to suppliers of liquidity and they will be willing to pay
for additional order flow. Because of the low minimum tick sizes in today's equity markets (the tick size for stocks
trading at prices between € 50 and € 100 is between 0.5 and 0.01 cents, depending on the average daily number of
transactions) we do not consider the minimum tick size to be a major reason for the profitability of payment for
order flow arrangements.
8 This holds for instruments that are tradable on Xetra.
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Market microstructure theory has identified three cost components that are reflected in the bid-
ask spread.

1. Order processing cost: Traders who supply liquidity face costs, such as staff expenses,
IT costs, etc. These costs must be recovered through the spread revenue.

2. Inventory holding costs: Traders who supply liquidity to others do not have full control
over the composition of the portfolio they hold. They have to sell when customers buy
and they have to buy when customers sell. As a result, they will often hold a portfolio that
is different (and more importantly, riskier) than their optimal portfolio. Risk averse trad-
ers will require a compensation for these risks. This compensation is integrated into the
bid-ask spread.

3. Adverse selection costs: Some traders may possess better information on the value of a
financial instrument than the liquidity suppliers. These traders will only trade when they
expect a profit. Because trading is a zero-sum gain, the trader's profit is the loss of the
liquidity supplier. Because liquidity suppliers cannot identify better informed traders,9

they cannot avoid trading with them. What they can do, though, is to increase the bid-ask
spread (i.e. to increase the ask price and/or to decrease the bid price). Increasing the spread
will not avoid losses in trades with better informed traders, but it will generate profits in
trades with uninformed traders. These profits cover the losses incurred when trading with
informed counterparties.

As a simple numerical example, consider a case in which the value of a financial instru-
ment will be either 80 or 120, with equal probabilities. The trader population consists of
80% uninformed traders (who do not know whether the value is 80 or 120) and 20%
informed traders (who do know whether the value is 80 or 120). Consider an uninformed
market maker who wishes to set bid and ask prices for a single trade such that she breaks
even (i.e. makes no losses in expectation). She faces no other costs. If the market maker
would quote bid and ask prices of 100 each (the unconditional expectation of the asset
value) she would suffer losses. There is a 20% chance that the trader she trades with is
informed. If the asset value were 80 [120], that trader would sell [buy] at 100 an asset that
is worth 80 [120].

How can the market maker break even? Assume the next trader is a buyer. There is an
80% chance that the trader is uninformed. In this case the best guess of the asset value
(even after the trade) is 100. However, there is a 20% chance that the trader is informed.
In that case, the best guess of the asset value is 120. In expectation, conditional on the
next trade being a customer buy, the best guess of the asset value is
0.8 100 0.2 120 104√ ∗ √ < . By the same logic, the best guess of the asset value conditional
on the next trade being a customer sale is 96. Consequently, if the market maker quotes a
bid price of 96 and an ask price of 104, she will always trade at a price that is equal to the
best guess on the asset value conditional on the direction (buy or sell) of the trade. In

9 Remember that trading in most equity markets is anonymous.
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other words, the market maker will break even in expectation. In the resulting equilib-
rium, the bid-ask spread of 8 is entirely a compensation for losses to informed traders.
The academic literature refers to this component of the spread as the adverse selection
component.

For a payment for order flow arrangement to be profitable, it must be the case that the purchas-
ing market maker has lower costs than the marginal liquidity supplier on Xetra. Otherwise, it
would not be possible to pay for the order flow and still earn a profit while matching the bid
and ask prices of the reference market.

It is possible that the purchasing market maker has lower order processing costs and/or is less
risk averse and therefore has lower inventory holding costs. However, in these cases, the market
making firm would not need the payment for order flow arrangement to make profits. Rather,
it could, based on its lower costs, simply undercut the best bid and ask quotes on the reference
market and earn a profit there.

Therefore, lower adverse selection costs are a more plausible reason for a cost advantage of the
purchasing market maker. Neo-brokers using a payment for order flow business model usually
target retail customers. It is well-documented that retail investors are less likely to possess su-
perior information on the asset value than institutional investors.10 Consequently, the adverse
selection component of the bid-ask spread as defined above will be lower for the retail customer
orders that are the subject of payment for order flow arrangements.

To see this, reconsider the example from above. Assume that the trader composition has 50%
retail traders and 50% other traders (institutions). Assume further that the fraction of informed
traders is 10% among retail traders and 30% among institutions. If there were separate markets
for retail traders and institutions the equilibrium spread, by the logic introduced above, would
be 4 (ask price 102, bid price 98) for the retail sub-market and 12 (106 and 94) for the institu-
tional sub-market.

In reality, we do not have strictly separated markets for retail and institutional customers. How-
ever, as noted above, neo-brokers with a payment for order flow business model such as Trade
Republic specialize in serving retail customers. To pursue with the example, assume that neo-
brokers  attract  10% of  the  retail  customers  while  the  remaining  retail  customers  continue  to
trade in the reference market. The market maker purchasing the neo-broker order flow breaks
even at a spread of 4 (102 and 98, as above). The reference market now has 52.63% (50/95)
institutional customers and 47.37% (45/95) retail customers. The overall fraction of informed
traders is 0.5263 0.3 0.4737 0.1 0.20526√ ∗ √ < . With this overall fraction of informed traders,

10 See section 2.3 for more detail. We note that the fact that retail orders are typically both small and uninformed
makes it unlikely that market makers front-run these orders. Front running means that someone knows about a
pending customer order and expects that order to move prices. The front runner then trades ahead of the order,
with the intention to close the position at a profit after the pending customer order has been executed and has
moved prices. Leaving aside the fact that front running is usually illegal, the profitability of front running hinges
on the price impact of the impending order. Orders that have the potential to move prices are either large or were
submitted by traders who hold private information on the value of the asset. Neither is likely for retail customer
orders. Of course, a large number of retail orders on the same side of the market could move prices. However,
exploiting such a price impact requires the ability to forecast retail order flow. Just waiting for orders to accumulate
is not feasible because the customer orders have to be executed immediately.
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the equilibrium spread on the reference market is 8.21. It is thus cheaper to execute the pur-
chased order flow than to execute orders on the reference market. It is this cost advantage that
makes payment for order flow schemes viable.

The considerations of this sub-section can be summarized as follows.

1. Because of lower adverse selection risk, retail customer orders are cheaper to execute.
2. If retail customer orders are executed at the spread established in the reference market,

the purchasing market maker earns a profit equal to the difference between the spread
on the main market and the equilibrium spread in the retail sub-market (the profit is 4.21
in the example above). This profit can be distributed among the participants of the pay-
ment for order flow scheme. The purchasing market maker pays the broker for the order
flow,  and  the  broker  passes  on  some of  that  payment  to  its  customers  in  the  form of
lower trading commissions.

3. The practice of payment for order flow, by bypassing the reference market for a group
of uninformed (or less well informed) traders, results in an increase in the fraction of
informed traders, an increase in the bid-ask spread (in our example from 8.00 to 8.21),
and a decrease in trading volume on the reference market.

The payment for order flow model described thus far corresponds to the business model of
Trade  Republic  and  is  thus  the  relevant  setting  for  our  empirical  analysis.  We wish  to  note,
though, that there are two alternative settings that have similar economic implications and there-
fore deserve, in our opinion, similar scrutiny from the regulator. These settings are (a) internal-
ization and (b) the evolution of trading venues that cater to retail traders. We discuss both set-
tings briefly.

The practice of internalizing customer orders is economically similar, if not equivalent, to pay-
ment for order flow. Internalization means that a brokerage firm receiving a (retail) customer
order executes this order against its own book rather than routing it to a trading venue. This
practice is exemplified by the following quote taken from the "Order Execution Policy" docu-
ment of Deutsche Bank (available at https://www.db.com/legal-resources/oep-documents/Um-
brella-Order-Execution-Policy.pdf, accessed April 27, 2022).

Obviously, the internalization of transactions in the way described here is similar to a payment
for order flow business model, except that the neo-broker and the purchasing market maker are
the same institution. Internalization can thus be thought of as a situation in which the broker
and the executing market maker are a single firm. In this case, no explicit payment for order
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flow is required. However, the economic rationale for the arrangement and the potential incen-
tive problems associated with it are similar to those in payment for order flow arrangements.
Consequently, regulation should treat payment for order flow and internalization similarly. If
payment for order flow is subjected to more stringent regulation than internalization (or if pay-
ment for order flow is prohibited) this will create incentives for neo-brokers and executing mar-
ket makers to vertically integrate (i.e. to merge) and engage in internalization.

The creation of specialized trading venues for retail orders, from a fundamental economic per-
spective, also resembles payment for order flow arrangements. Consider a trading venue which,
by appropriately selected institutional details, attracts retail traders but is not accessible or un-
attractive to institutions. Now, by the very same logic as in the adverse selection example above,
the equilibrium spread in the retail venue would be 4 (as compared to 8 in a market were all
investors are pooled). Now assume that (in analogy to the example above) such a venue attracts
10% of the retail orders. The main market now has more institutional (52.63%, as above) and
fewer retail traders (47.37%). Consequently, the equilibrium bid-ask spread in the main market
will increase from 8 to 8.21. Now let us return to the retail market. Most trading venues catering
to retail customers operate as market maker markets.11 Often there is only one market maker.
That market maker may issue a price guarantee that ties its bid and ask prices to those of a
reference market (typically Xetra). The outcome of such an arrangement is comparable to the
outcome of a payment for order flow arrangement. The (retail) customer trades at a price that
is  not  worse  than  that  in  the  reference  market,  but  is  above  the  actual  cost  of  servicing  the
customer (because retail customers tend to be uninformed). The difference between the spread
that the customer pays and the equilibrium spread in the retail customer segment is the source
of profits, to be shared between the venue operator, the market maker and the customer (who
may benefit from lower exchange fees). The outcome is evidently similar to the outcome of a
payment for order flow arrangement. Retail order flow is diverted away from the main market.
Trading volume on the main market decreases, the proportion of informed traders and the equi-
librium spread increase, and the degree of market fragmentation increases.

We conclude that a regulatory approach that singles out payment for order flow but leaves other
economically similar institutional settings untouched may be inappropriate.

2.2 Arguments Against Payment for Order Flow
There are essentially two "lines of attack" against payment for order flow business models, one
which focuses on the execution quality of those orders that are subject to payment for order
flow, and one that focuses on market quality at large.

The first counter argument states that, while customers of neo-brokers typically pay low com-
missions, their total execution costs may nevertheless be higher because they may be trading at
worse (bid and ask) prices.12 The argument is based on the simple insight that there is an inher-
ent conflict of interest between the customer and the purchasing market maker. While the cus-
tomer obviously wants to trade at a low spread, the market maker earns the spread and thus

11 See e.g. https://www.finanzfluss.de/geldanlage/boersen-unterschiede/ for details (accessed May 4, 2022).
12 See e.g. Specht (2022).
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earns higher revenue when the spread is high. As already noted above, the market making firm
is not free in selecting the bid and ask prices it charges the customers. Rather, these prices are
constrained by the prices in the reference market. Consequently, if the reference market is the
most liquid market for the financial instrument under consideration, and if trades on the refer-
ence market are indeed executed at the quoted prices, the customer will not be hurt by a payment
for order flow arrangement. This statement contains several "ifs" that deserve a discussion.

1. The selection of the reference market is crucial. For most domestic German stocks,
Xetra is the most liquid market. However, for foreign stocks, Xetra may be less liquid
than the home market of the stock.

2. The reference market only offers reference prices while it is open. Therefore, there is no
obvious benchmark to judge the execution quality of trades executed outside of the trad-
ing hours of the reference market.

3. The reference market may offer execution at prices that are better than those on the
trading screen. This may, for example, happen when a market order partially executes
against the hidden part of an iceberg order.

4. Customers cannot supply liquidity by submitting limit orders, as they can in an open
limit order book such as Xetra. While customers formally can submit limit orders, these
limit orders do not compete with the market maker quotes. Rather, they are stored and
execute only when the market maker's quotes change such that the stored limit order
becomes executable.

The second counter argument states that payment for order flow, particularly when imple-
mented in large scale, negatively affects the quality of the main market. This effect on market
quality, in turn, has two dimensions:

5. Bid-ask spreads in the reference market may increase. This effect is illustrated in the
"adverse selection costs" example in the previous subsection. If all orders are directed
to the reference market the spread is 8. With payment for order flow in place, the spread
increases to 8.21. The increased spread in the reference market may have repercussions
on the retail orders that are subject to payment for order flow because the execution
price guarantee relates to the (now higher) bid and ask prices in the reference market.

6. The informativeness of prices in the reference market is reduced because price discovery
is based on fewer orders and fewer trades. Additionally, if spreads in the reference mar-
ket increase, it may become unprofitable to trade on "small" pieces of information be-
cause the transaction costs may exceed the value of the information.

In what follows, we will discuss the six points listed above in more detail. The main issues we
focus on are (a) whether payment for order flow is indeed disadvantageous and (b) which reg-
ulatory measures are appropriate to avoid execution at unfavorable prices and/or negative im-
plications for market quality of payment for order flow.
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Issue 1: Selection of reference market

It is undeniably true that the customer and the purchasing market maker have diverging interests
with respect to price determination. A verifiable execution guarantee for the customer is thus
required. Tying execution prices to the prices of a reference market can, in principle, achieve
that objective. From the point of view of the customer, the reference market should be the most
liquid market for the financial instrument under consideration at the time of order submission.
Such a solution could be implemented easily if a consolidated tape was introduced that aggre-
gates pre-trade information (i.e. bid and ask prices) from all trading venues to an "EU best bid-
ask" (similar to the "national best bid and offer” NBBO in the United States).

If such an EU best bid-ask existed, it would be guaranteed to the customer that her order is
executed at a price no worse than the best price available on any market for the financial instru-
ment under consideration. That guarantee would be verifiable because the execution price of
the customer order can be compared to the EU best bid or ask at the time of order submission.
With such a guarantee in place there would be no need for a prohibition of payment for order
flow.

Unfortunately, it appears that an EU best bid-ask is unlikely to be established without regulatory
pressure. While the European Union is currently pushing for a "consolidated tape", current pro-
posals concentrate on aggregating post-trade information. We are in favor of also aggregating
and publishing pre-trade information and of speeding up the regulatory process.

We note that some trading venues are difficult to integrate into a consolidated tape. This is, for
example, true for dark pools that match orders at the quote midpoint of a reference market.
However, these venues are typically not accessible to retail customers and are therefore of lim-
ited relevance in the present context.

Issue 2: Execution outside of the trading hours on the reference market

If an EU best bid-ask as described above were used as reference market, there would always be
a verifiable execution guarantee whenever any market is open. The customer would be guaran-
teed execution not worse than that at the best open market.

Of course, if no market is open there would be no benchmark price. However, in that case the
neo-broker would be offering a service that is not available elsewhere. We would expect that
execution quality for such off-hours trades is slightly worse than that for trades executed within
normal trading hours. This is a natural outcome, however, because off-hours trades are associ-
ated with additional risks for the executing market maker. This is because (a) there is higher
valuation uncertainty when no pricing information is available and (b) because the market mak-
ing firm cannot hedge its position when all markets are closed and is thus exposed to the risk
of price changes.

We do not see a point for a prohibition of payment for order flow here. Customers trading off-
hours demand a service unavailable elsewhere. That service is (because of the increased risk
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mentioned above) more costly to the executing market maker than a standard trade during nor-
mal opening hours and thus warrants a higher price.

Issue 3: Hidden liquidity

By its very nature, hidden liquidity is not visible on the trading screens and therefore cannot be
integrated into the benchmark price. While it may be the case that, because of the existence of
hidden liquidity, a customer might have received a better price on the reference market than she
receives from the neo-broker, we do not believe that this is an important issue. Only market
orders whose size exceeds the depth of the best bid or ask price can be executed against the
hidden part of an iceberg order. Retail customer orders placed with neo-brokers are rarely large.
Meyer et al. (2021) have documented that the median size of orders executed by Trade Republic
is € 459. We further note that a considerable fraction (21.1% as reported in Meyer et al. 2021)
of trades executes at a price that is better than the price on the reference market.

Issue 4: Treatment of limit orders

It is true that customer limit orders submitted to Trade Republic, or to neo-brokers more gener-
ally, do not compete with the quotes of the purchasing market maker. This treatment of limit
orders, however, is not specific to payment for order flow arrangements. Rather, it is specific
to trading venues organized as market maker markets.13 We note that several of the extant trad-
ing venues catering to retail traders operate as market maker markets.

At that broader level (i.e., with respect to market maker markets in general), one may ask
whether traders are unduly disadvantaged by the treatment of limit orders in market maker mar-
kets.  We do  not  think  that  this  is  the  case  as  long  as  traders  can  make  an  informed choice.
Market maker markets offer certain advantages (e.g. the high immediacy guaranteed by the
presence of market makers and their obligation to quote firm prices) but also certain disad-
vantages. The impossibility for traders to supply liquidity via limit order and thus compete with
the market maker is one such disadvantage. Traders who wish to supply liquidity may indeed
be better served in an open limit order book while traders trading via market orders may prefer
a market maker market.

Issue 5: Increased spreads on the reference market

While it is true that payment for order flow, if implemented at large scale, may result in reduced
liquidity of the main market, it is much less clear that this is an undesirable result. To illustrate
the argument, consider the following example. Assume barber shops charge the same price for

13 In a market maker market, traders can only trade with market makers at the prices quoted by the market
makers. To illustrate the point, consider a market maker market in which current bid and ask quotes are 40
and 41. Assume that a customer submits a limit order to buy with a price limit of 40.50. In an open limit
order book, the publicly displayed bid price would now change to 40.50, and all traders could sell at that
price. In a market maker market, the quotes would remain unchanged. The limit order would be held until
a market maker quotes a bid price of 40.5 or higher.
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all haircuts. Assume further that there are 50% long-haired customers and 50% short-haired
customers. The cost to the barber of servicing a long-haired [short-haired] customer is 10 [6].
The break-even uniform price charged by barber shops is 8. Now assume one barber (call her
the neo-barber) decides to only serve short-haired customers and charges them 6.50. The latter
benefit from the price decrease (they pay 6.50 instead of 8) and the neo-barber also benefits
from this situation (she earns a profit of 0.50). Assume that the neo-barber attracts 10% of the
short-haired customers. Other barbers, if they continue to charge a uniform price to all custom-
ers, now have to increase their price to ∋ (0.5 10 0.45 6 / 0.95 8.11√ ∗ √ < . The price increase from

8 to 8.11 reflects the fact that the other barbers now have more than 50% (52.6%, to be precise)
long-haired customers, who are more expensive to serve. What we have achieved here is price
discrimination. The short-haired customers who choose the neo-barber are low-cost customers
who now benefit from a lower price. The other customers, as a group, are now more costly to
serve and are, therefore, charged a higher price. For the long-haired customers, this is entirely
justified because they are expensive to serve. The "losers" here are the short-haired customers
who continue to go to the traditional barbers. They are now charged a higher price even though
they are actually low-cost customers. However, these customers could also choose the neo-
barber. If more neo-barbers emerge and all short-haired customers choose a neo-barber, we
would obtain perfect price discrimination. Long-haired customers would be charged 10, reflect-
ing the cost of servicing them, and short-haired customers would be charged 6.50. In fact, if
many neo-barbers emerge, competition will likely reduce the price for a haircut to 6. Even
though prices of traditional barbers have increased, from an economic perspective the new equi-
librium is actually better than the original one14 because prices now better reflect the cost of
servicing different groups of customers.

The analogy to the adverse selection example discussed above is evident. Retail customers are
low-cost customers because they are less likely to be informed. If they trade in the reference
market, they are lumped together with institutional customers and pay a uniform price that ex-
ceeds the cost of servicing them. Neo-brokers single out retail customers and charge them a
price that is closer to the cost that they cause. The remaining trader population in the reference
market is now tilted towards informed traders, implying that the equilibrium spread in the ref-
erence market increases. It is inappropriate to conclude from the mere fact that the spread in the
reference market has increased that the market outcome with payment for order flow is inferior.
The higher spread in the reference market will simply reflect the fact that the average customer
trading there is now more expensive to serve due to its potential information privilege. An im-
proved price discrimination thus leads to a fairer pricing, i.e., reduced subsidies from uniformed
to informed traders, which, of course, is also consistent with the regulators’ desire to increase
investor protection, especially for retail investors.

14 Consider a short-haired customer whose willingness to pay for a hair cut is 7. In the uniform price case this
customer would not get a hair cut even though she is willing to pay a price in excess of the cost of servicing her.
The result is a welfare loss that is absent in the price discrimination equilibrium.
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Issue 6: Less informative prices on the reference market

Prices in financial markets are informative because traders possess information and submit or-
ders that reflect their information. Retail customers are rarely informed and therefore contribute
little to price discovery. It is thus not obvious that removing retail order flow from the market
will negatively affect the informativeness of prices. In fact, if retail traders behave like noise
traders (as some of the empirical papers to be reviewed in the next section have argued), then
removing them from the reference market may result in lower volatility and, consequently, less
noisy, and more informative prices. Whether payment for order flow negative effects the in-
formativeness  of  prices,  or  the  degree  of  informational  efficiency  of  prices,  is  an  empirical
question. We address it in section 3.

2.3 Prior Empirical Evidence
In this section we briefly review prior empirical research on several aspects relating to payment
for order flow. We first discuss papers that analyze whether retail traders are indeed less well
informed than institutional traders. We then discuss studies that analyze whether the existence
of payment for order flow arrangements and / or internalization negatively affect overall market
quality. Finally, we present the result of studies that ask whether retail customers benefit or lose
when their orders are sold.

Are retail customers uninformed?

Easley et al. (1996) use a (then-new) empirical methodology to estimate the probability of in-
formed trading. They compare order flow on the New York Stock Exchange and the Cincinnati
Stock Exchange. The latter exchange was known for executing purchased order flow. The au-
thors find that the probability of informed trading is lower on the Cincinnati Stock Exchange,
consistent with purchased order flow being less informative. In a similar vein, Grammig/Theis-
sen (2012) compare (retail customer) trades that were internalized via Xetra Best to trades ex-
ecuted in the Xetra order book and conclude that the internalized trades have lower information
content, implying that the retail customers whose orders are internalized tend to be uninformed.

Foucault et al. (2011) analyze an institutional change in the French equity market (the abolish-
ment of the "Règlement Mensuel" in 2000) that resulted in a reduction of retail trading for some
(but not all) French stocks. When comparing the stocks that were affected by the rule change
to those that were not, they find that return volatility of affected stocks as well as price impact
of trades decrease. These results are supportive of the hypothesis that retail investors tend to be
uninformed and rather behave as "noise traders".

Barber et al. (2009) provide more direct evidence. They analyze a very detailed data set from
Taiwan and conclude (p. 609) that "[i]ndividual investor trading results in systematic and eco-
nomically large losses". Two more recent papers paint a more differentiated picture. Boehmer
et al. (2021) use data on marketable orders submitted by US retail investors and conclude (p.
2249) that there is "suggestive, but only suggestive, evidence that retail marketable orders might
contain firm-level information that is not yet incorporated into prices". Coval et al. (2021) find
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evidence that investors in the top decile of their retail investor sample earn risk-adjusted returns
of 6% per year. The data used in that study covers 1991-1996 and is thus not necessarily repre-
sentative of today's market conditions. We wish to stress that none of our arguments was based
on the assumption that all retail traders are uninformed. We just assumed that the average retail
trader is less informed than the average institutional trader (remember the example in section
2.1).

Are retail customers hurt when their orders are sold?

Battalio et al. (2001) analyze the total trading costs of customers whose orders are sold to Knight
Securities, a major Nasdaq dealer. They conclude (p. 54) that "trading with brokers taking pay-
ment for order flow is not unambiguously harmful to investors relative to trading through bro-
kers not accepting such order-routing inducements."

Battalio et al. (2003) analyze the execution quality for retail customer market orders across
different brokerage firms. They find that orders get better prices at the reference market than
from a market making firm (Trimark) that is known to execute purchased order flow. However,
after factoring in payments for order flow, brokers get better net prices from Trimark. If brokers
pass on a sufficiently large fraction of the payment for order flow to their customers,15 these
customers would not be worse off – but potentially be better off, when their order flow is sold.

Meyer et al. (2021) use data on executions in Trade Republic and match them to synchronous
bid and ask quotes in Xetra. They find that the price offered by Trade Republic equals the
corresponding best bid or ask quotes in Xetra in 78.1% of the cases. In 21.1% of the cases the
customer got a better price from Trade Republic than she would have received in the Xetra
order book. In 0.9% of the cases, Trade Republic customers received a price which was worse
than the best price available in Xetra. On average, the Trade Republic customers benefitted
from a price advantage of € 6.85 per 100 shares traded, or 5.2 basis points. This comparison
does not yet take into account that Trade Republic customers are also likely to pay lower com-
missions than traders trading through traditional brokers. The study by Meyer et al. (2021) thus
provides convincing evidence that Trade Republic customers trade at prices equal to, or better
than, those available in Xetra.

In a study based on US data, Kothari et al. (2021) obtain similar results.16 They conclude (p. 1)
that "retail investors, and especially Robinhood customers, have enjoyed substantial price im-
provements on trades executed off-exchange and that off-exchange retail trades generally ex-
perience better execution quality than trades of similar sizes on public exchanges."

In the United Kingdom, payment for order flow has essentially been prohibited since 2012. In
a study published by the CFR Institute, Rosov (2016) analyzes the execution quality of retail
customer orders before and after that change. His criterion is the fraction of retail-sized orders

15 The authors of the study did not have information on which fraction of the payment for order flow is passed on
to customers via lower commissions or via other channels.
16 We note that the authors of the study have a financial relationship with Robinhood, as disclosed in the first
footnote of their paper.
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executed at the best available prices on the London Stock Exchange (LSE) before and after the
ban on payment for order flow. He observes (p. 1) "an increase in the proportion of retail-sized
trades executing at best quoted prices between 2010 and 2014 from 65% to more than 90%".
This study is sometimes cited as evidence of harmful effects of payment for order flow (e.g. as
in Specht 2022). However, we think that this is a misinterpretation of the results in Rosov (2016)
for several reasons.

∂ In terms of methodology, the study by Rosov (2016) is similar to Meyer et al. (2021).
In particular, both studies compare execution prices to matched bid and ask prices avail-
able in a single reference market (the LSE in the case of Rosov (2016) and Xetra in the
case of Meyer et al. (2021)). As laid out above, Meyer et al. (2021) find that 99.1% of
the trades executed by Trade Republic execute at prices equal to, or better than, the
corresponding Xetra quotes. This a much better result than the 90% that Rosov (2016)
reports for the post-prohibition period. Thus, the execution quality offered by Trade
Republic (measured relative to the reference market) is better than what retail customers
in the UK obtained both before and after the prohibition of payment for order flow.
Therefore, we do not think that the findings for the UK support a prohibition of payment
for order flow in the European Union.

∂ Rosov  (2016)  does  not  analyze  retail  orders,  but  retail-sized  orders.  There  is  an  im-
portant difference between these two concepts. Smart order routing systems often split
large institutional orders into chunks (or "child orders") that are retail-sized. Thus, a
sample of retail-sized orders will often contain sizeable fractions of institutional order
flow.

∂ The UK operates a retail service provider model (RSP, described in some detail in Ro-
sov 2016) where essentially several market makers compete for the execution of retail
trades. There is no direct counterpart to the RSP in Europe. Therefore, prohibiting pay-
ment for order flow would not necessarily result in the same execution quality that UK
retail customers receive - simply because the institutional setting in the EU is different
from that in the UK.

Another frequently cited study is that of the Dutch regulator, the AFM (AFM 2022). This study
uses a price-based method and a quote-based method to assess the execution quality of retail
orders placed via payment for order flow arrangements.17 The results of both methods are sim-
ilar. The price-based method compares the execution price to the prices of trades executed on
other (non-payment for order flow) trading venues in the same second. Consequently, the exe-
cution quality of a trade can only be assessed when trades on other markets have been executed
in the same second, which often is not the case. For example, the study by the Spanish national

17 A follow-up study by the Spanish national competent authority (CNMV 2022) adopts the price-based method-
ology developed in the AFM study and arrives at similar conclusions. The CNMV study uses data from a single
broker and a single trading venue. The analysis is based on only 4,676 transactions executed during a six-months
period in 50 Spanish stocks, amounting to less than one transaction per stock-day. In contrast, Meyer et al. (2021)
analyze more than 2 million trades. Another follow-up study by the Bundesanstalt für Finanzdienstleistung-
saufsicht (BaFin 2022) finds more differentiated results. Based on a sample of more than 20 million trades the
study finds that orders executed via payment for order flow receive similar or better execution than in the reference
market in 63% (for non-DAX stocks) to 81% (for small trades in DAX stocks) of the cases. Correspondingly, the
share of worse executions ranges between 19% and 37%, markedly lower than the shares reported in the AFM and
CNMV studies.
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competent authority (CNMV 2022) identifies 41,444 transactions executed via payment for or-
der flow but finds trades on the reference market in the same second only for less than 5,000.

We focus on the quote-based analysis because it is conceptually similar to the methodology
used by Meyer et al. (2021). The analysis identifies buy and sell orders in Dutch stocks executed
via payment for order flow arrangements and compares the execution prices to the best bid and
ask  prices  on  Euronext  Amsterdam,  the  most  liquid  market  for  Dutch  stocks.  They  find  (in
Annex III) that orders executed via payment for order flow arrangements receive worse execu-
tion in more than 70% of the cases. This finding is in sharp contrast to the results of Meyer et
al. (2021), who find worse execution in only 0.9% of the cases. We believe that there are two
potential explanations for these conflicting findings. First, the AFM study compares execution
prices to best bid and ask quotes without considering trade size.18 Only trades the size of which
does not exceed the volume available at the best quote can be executed at that price. To judge
the execution quality of larger trades it is necessary to obtain order book information for the
reference market and calculate the weighted average price at which the trade could be executed
there (as Meyer et al. 2021 do). Second, payment for order flow is prohibited in the Netherlands.
Consequently, the sample analyzed in the AFM study consists of trades in Dutch stocks exe-
cuted via non-Dutch institutions. A non-Dutch neo-broker may be using a reference market
other than Euronext Xetra.  For example,  a German retail  trader may submit an order to buy
Dutch stocks with a German neo-broker, and that broker may be using Xetra as its reference
market. Prices for Dutch stocks on Xetra are likely to be worse than those on Euronext Amster-
dam. Consequently, when the AFM study relates the execution price to quotes from Euronext
Amsterdam, it will conclude that the customer received a bad price. To be very clear here: The
conclusion is correct; the customer did receive a bad price. A neo-broker anywhere in the EU
should guarantee execution at a price at least equal to that available in the most liquid market
for the financial instrument under consideration. A neo-broker using Xetra as a reference mar-
ket for trades in Dutch stocks does not meet that requirement. We nevertheless strongly believe
that the results of the AFM study do not support a call for a ban on payment for order flow for
two reasons. First, the study analyzes a sample that is not representative of the typical payment
for order flow trade (namely, as noted above, trades in Dutch stocks executed via non-Dutch
institutions). Second, the introduction of a EU best bid and ask as called for in section 2.2 would
entirely eliminate the problem because it would require brokers anywhere in the EU to use the
most liquid market (most likely Euronext Amsterdam in the case of Dutch stocks) as a reference
market.

A final remark with respect to the AFM study and the follow-up studies by CNMV and BaFin
is in place. These studies do not consider the lower brokerage commissions that neo-brokers
often charge their customers. It is thus perfectly possible that these studies categorize an exe-
cution as "worse" than in other venues while the customer in fact pays lower total (i.e. cum-
commission) fees.

18 This argument extends to the price-based methodology also employed in the AFM study. That methodology
compares prices of orders executed via payment for order flow to prices observed in the same second at other
venues but does not consider the size of the trades. The BaFin study (BaFin 2022) differentiates between trade size
categories and finds markedly different results in the different trade size brackets.
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Does payment for order flow harm market quality?

Battalio (1997) analyzes how the start of large-scale payment for order flow activity by Bernard
L. Madoff Investment Securities affected bid-ask spreads of stocks listed on the New York
Stock Exchange. He does not find evidence of widened spreads and concludes (p. 341) that "the
adverse selection problem associated with allowing agents to selectively execute orders in ex-
change-listed securities may be economically insignificant." Similarly, Battalio et al. (1997)
conclude that the internalization of orders on the Boston and Cincinnati Stock Exchanges had
little effect on quoted and effective spreads on the New York Stock Exchange.

Hasbrouck (1995) find that price discovery in the US equity markets takes place almost exclu-
sively at the New York Stock Exchange (NYSE). As noted above, purchased order flow used
to be executed at regional exchanges such as the Boston or Cincinnati Stock Exchange. The
fact that these trading venues do not contribute to price discovery suggests that payment for
order flow does not harm price discovery on the reference market. If the order flow directed to
the Boston or Cincinnati Stock Exchange collectively does not contribute to price discovery -
why would we expect that price discovery on the NYSE would improve if the order flow was
redirected to the NYSE?

Overall, we do not find any previous empirical evidence supporting a negative impact of PFOF
on market quality. However, none of these studies can control for potential problems of en-
dogeneity and selectivity in their analysis, as they cannot rely on an experimental setting which
allows  to  directly  compare  stocks  with  and  without  payment  for  order  flow under  the  exact
same economic setting. Our field experiment thus complements the available evidence, as the
experiment comprises 22 stocks, out of which 10 randomly selected stocks were treated by
“switching off” payment for order flow on five successive trading days, while a control group
of 12 stocks was not treated at the same observation period. We therefore can observe market
quality measures before, during and after the treatment days, for the treatment and the control
group with and without payment for order flow, which allows causal inference about the impact
of PFOF on market quality.

3 Empirical Analysis

3.1 Market Quality Measures
Our empirical analysis aims at evaluating the impact of payment for order flow arrangements
on the liquidity and informational efficiency of the reference market. We rely on well-estab-
lished measures of financial market quality, described in detail in the following paragraphs.

Liquidity Measures: The most widely used measure of financial market liquidity is the bid-ask
spread. We use two measures of the bid-ask spread, the quoted and the effective spread. We
further decompose the effective spread into the price impact and the realized spread.19

19 For a recent application of these measures in a related context, see for example Comerton-Forde et al. (2019).
For recent application to Xetra see Johann et al. (2018).
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The quoted bid-ask spread is the difference between the prices at which investors can buy (ask
price)  and  sell  (bid  price)  a  financial  instrument.  It  is  the  cost  if  a  "roundtrip  trade",  i.e.  the
amount an investor loses if she buys the asset at the ask price and then immediately sells it at
the bid price. We express the quoted bid-ask spread as a percentage of the quote midpoint and
calculate it from intraday data on best bid and ask quotes in Xetra. We then calculate a daily
time-weighted average of the quoted spread for each stock in our sample.

The quoted spread is based on prices at which investors could have traded. It does not take into
account whether trades actually took place. In contrast, the effective spread is a conditional
measure that captures the execution costs of trades that actually occurred. It is defined as twice
the distance between the price of the transaction observed at time τ, ఛ, and the quote midpoint݌
in effect immediately prior to that transaction, mτ, i.e.

(1) Effective Spread: ൜2
ఛ݌) −݉ఛ) for buyer-initiated trades

2(݉ఛ − ఛ) for seller-initiated trades݌ .

We express the effective spread as a percentage of the quote midpoint and use intraday data
which is then aggregated to daily (equally-weighted and trade size-weighted) averages. To clas-
sify trades into buyer- or seller-initiated trades, we use the standard Lee/Ready (1991) algo-
rithm. A trade is classified as buyer initiated [seller-initiated] if the transaction price is higher
[lower] than the prevailing quote midpoint. If the trade occurs at a price equal to the quote
midpoint the assignment follows the so-called tick test, according to which a trade is classified
as buyer-initiated [seller-initiated] if the trade price is higher [lower] than the previous transac-
tion price.

Because some traders trade on private information, trades might be informative. An informed
trader will buy when she has information indicating that the current ask price is too low, and
sell when the current bid price is too high. While suppliers of liquidity cannot generally identify
informed trades (if they could, they would avoid them), they do know that there is a non-zero
probability that trades were initiated by informed traders. Consequently, they will adjust bid
and ask prices after a trade by an amount, which reflects an estimate of the new information
conveyed by the trade. By that logic, we can use the change in the quoted midpoint after a trade
to obtain an estimate of the information content of the trade.20 The resulting measure is known
as the market or price impact of a trade and is calculated as follows:

(2) Price impact: ൜2
(݉ఛାଵ௠௜௡ −݉ఛ) for buyer-initiated trades

2(݉ఛ −݉ఛାଵ௠௜௡) for seller-initiated trades.

The difference between the effective spread and the price impact is known as the realized
spread and is a measure of the revenue earned by the suppliers of liquidity. It is calculated as
follows:

(3) Realized Spread: ൜2
ఛ݌) −݉ఛାଵ௠௜௡) for buyer-initiated trades

2(݉ఛାଵ௠௜௡ − .ఛ) for seller-initiated trades݌

20 We compare the quote midpoint immediately prior to the trade to the midpoint 1 minute after the trade. This
choice is motivated by the empirical results of Conrad/Wahal (2020) who report that the majority of price impacts
of trades in small-cap stocks is reflected in the quotes after 60 seconds.
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To illustrate the effective spread and its decomposition into the price impact and the realized
spread, consider the following example. A market maker believes that the value of a stock is
40.50 and quotes bid and ask prices of 40 and 41, respectively. Now a trader buys at 41. The
effective spread on the trade is 1 [2*(41.00-40.50)]. Because that buyer may have been trading
on private information, the market maker adjusts upwards her belief about the asset value, say
to 40.65. Correspondingly, she changes her quotes to 40.15 and 41.15. If we scale up the quote
change to a roundtrip trade, we get the price impact of 0.30. Effectively, the market maker has
been selling an asset worth 40.65 at a price of 41. Thus, her actual revenue is 0.35 or, if we
scale that up to a roundtrip trade, 0.70. The latter figure is the realized spread on the trade
[2*(41-40.65]. The price impact of 0.30 [2*(40.65-40.50] is an estimate of the amount the mar-
ket maker lost to informed traders, or put differently, an estimate of the adverse selection com-
ponent of the spread.21 It is also referred to as the permanent component of the bid-ask spread
because it relates to a revaluation of the asset.

We express both price impacts and realized spreads as percentages of the quote midpoint, cal-
culate both from intraday data and aggregate them to (equally-weighted and trade size-
weighted) daily averages.

Price Discovery: The degree to which prices reflect the value of financial assets, and the speed
at which changes in the value of an asset are incorporated into its price, is another important
characteristic of a financial market. While the true value of an asset is unpredictable, we do
know that price changes are unpredictable if prices correctly reflect all available information
(Samuelson 1973, Fama 1970). A market in which that is the case is referred to as an informa-
tionally efficient market. The random walk model is a statistical model that describes such a
market. If transaction prices follow a random walk it holds that:

1. the variance of returns over a long interval (say k*t minutes) is k times the variance of

returns over the short t-minute interval. Correspondingly, the variance ratio ఙೖ೟
మ

௞ఙ೟మ
 should

be equal to one.
2. Successive price changes are not serially correlated.

From these characteristics we derive our first two measures of informational efficiency. The
first is the absolute deviation of the variance ratio from one. To compute it we set the long
[short] interval to 5 minutes [1 minute] and then calculate:

(1) ݁ܿ݊ܽ݅ݎܸܽ :݋݅ݐܴܽ ฬ1 − ఙఱ೘೔೙:೔,ഓ
మ

ହఙభ೘೔೙:೔,ഓ
మ ฬ ,

where the variances are estimated from quoted midpoint (log-)returns.

21 To see this, assume that the market maker sells at a price equal to the quote midpoint, i.e. 40.50. After the trade
the market maker, as described earlier, adjusts upward her belief about the asset value to 40.65. She thus sold a
stock with a post-trade estimated value of 40.65 for 40.5, resulting in a 0.15 loss. Scaling up the loss to a round-
trip trade gives the adverse selection component of 0.30.
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The second measure is simply the absolute value of the autocorrelation of quote midpoint re-
turns measured at 1-minute time-intervals. Deviations from zero indicate deviations of the price
process from a random walk.

Our third measure of informational efficiency is the cross-correlation between the return of a
1-minute-lagged market portfolio proxy and the (quoted-midpoint-based) stock return. In an
informationally efficient market, stock prices should adjust instantaneously to observable mar-
ket-level activity. A non-zero correlation between current stock-level returns and lagged mar-
ket-level returns is evidence of delayed adjustment of prices to new information.

3.2 Hypotheses on the Impact of the Experiment
The field experiment we conduct is intended to assess the impact of payment for order flow and
the resulting partial market segmentation on financial market quality. The theoretical discussion
in the previous section has shown that payment for order flow may result in increased (quoted
and effective) bid-ask spreads on the reference market. In our experiment, the treatment is the
disappearance of payment for order flow during the treatment period. If payment for order flow
indeed reduces the liquidity on the reference market, one should expect to find lower Xetra
spreads for treated stocks during the treatment period due to the increased liquidity by the ex-
periment.

H1: Quoted spreads on Xetra decrease for treated stocks during the treatment pe-
riod.

H2: Effective spreads on Xetra decrease for treated stocks during the treatment
period.

We have argued that the retail orders subject to payment for order flow arrangements are pre-
dominantly uninformed. Thus, during the treatment there are more uninformed orders executed
on Xetra. Consequently, price impacts should decrease.

H3: Market impacts on Xetra decrease for treated stocks during the treatment pe-
riod.

We do not expect an effect on realized spreads of the treatment (but nevertheless test whether
such an effect exists).

Critics of payment for order flow arrangements argue that payment for order flow results in
reduced informational efficiency. Although given our discussion in Section 2.1 this claim may
not be true, we will empirically test the corresponding hypothesis H4 (using the three measures
of informational efficiency introduced in section 3.1 above).

H4: Informational efficiency improves for the treatment stocks during the treatment
period.

3.3 Sampling Design and Selection Criteria
The selection  of  our  treatment  and  control  groups  was  implemented  in  two stages.  We first
conducted a pilot study (test sample), and learning from the resulting experience, designed the
main experiment (main sample).
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The general idea was to sample stocks for which the neo-broker has an economically significant
market share in daily trading volume, so that a significant trade volume will be routed to Xetra
on treatment days and potential impacts on market quality will be observable.22 Therefore, only
stocks representing at least 2% of the daily trade volume by the neo-broker have been selected.
This share was determined based on the daily average trade volume participation in the calendar
year until January 31, 2022 and identified 59 stocks traded on Xetra.

In the main experiment of our study, stocks were randomly selected by the authors, according
to the filter rule that the market share of the neo-broker has to be in the range of 2% and 5% of
daily trading volume,23 and quote updates occur in at least 80% of updates of the DAX index
proxy.24 This main sample comprises 22 stocks, out of which 10 were randomly selected for
the treatment of order re-routing to Xetra. Treatment occurred from April 8 - April 14, 2022
(five trading days) for all 10 stocks of the treatment group.

Table 1 provides general descriptive statistics for the stocks included in the pilot study and the
main experiment.

Table 1: Descriptive statistics on the sample firms

Note: The table shows pre-experiment characteristics of the firms that were used to select the treatment and control
group. All measures are taken up until January 31, 2022. The experiment comprises overall a sampling period
(before, during and after treatments) from February 01, - April 28, 2022. The main sample is analyzed in the period
from March 21 – April 28, 2022.

22 Xetra trading hours start at 9:00 o’clock UTC+1 and end at 17:30 UTC+1. For the main experiment, summer
time was started on March 27, such that trading hours then are at UTC+2. Except for the opening auction, a po-
tential noon auction in cases of high voilatility, and the closing auction at about 17:36 each day, trading in the
Xetra system is continuous.
23 The 5% cap on Trade Republic's participation rate was chosen because the pilot study showed that stocks with
participation rates of the neo-broker above 5% are very illiquid, such that only few trades and only few quote
updates occurred on Xetra. Results on the pilot study for a subsample of 12 eligible stocks (7 treated) are docu-
mented in Appendix A.
24 This amounts on average to about 1.4 quote updates per second. However, many quote updates just occur due
to changes in offered quantities of stocks in one of 5 observed levels of the order book, i.e. mid-quote and spread
remain constant in most cases. Spread-updates occur much less frequently, thereby preventing us from using
shorter time resolutions than the 5-min/1-min framework described in Section 3.2.

Market
Capitalization as
of 01/31/2022 [€

Mill.]

Average daily trading
volume (6 month until

31.01.2022)

Share of neo-broker in
daily trading volume
(average, 1 year until

01/31/2022)

Market
Capitalization as of
01/31/2022 [€ Mill.]

Average daily
trading

volume (6
month until
31.01.2022)

Share of neo-
broker in daily
trading volume

(average, 1
year until

01/31/2022)

No of Stocks 12 10
Mean 5,005 430,099 2.73% 11,042 306,824 2.76%
Median 1,145 129,809 2.57% 2,230 193,619 2.43%
Std. 13,108 731,162 0.63% 27,276 374,817 0.81%
Min 428 8,235 2.07% 754 5,780 2.02%
Max 46,576 2,241,957 3.83% 88,592 1,285,213 4.32%

Main Sample of the Fiueld Experiment
Untreated Treated
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3.4 Differences-in-Differences Analysis
3.4.1 Methodology
A differences-in-differences (DiD) analysis serves to test the causal impact of an exogenous
shock on a treatment group versus a control group, assumed untreated. Optimally, and this is
the case in a controlled experiment i.e. in a setting where the researcher “designs” the experi-
ment, the exogenous shock is ensured to be truly exogenous. Also, achieving a true random
selection of the individuals entering the two groups is easier in an experimental setting – as
opposed to a DiD analysis implemented with observational data (so-called “natural experi-
ments”). Random selection of the treatment and control groups assures that the (unobserved)
characteristics of subjects do not interfere with the outcome of interest. Such interference, in
turn, could invalidate the results of the analysis.

The DiD approach to make causal inference has been long established and is in particular ubiq-
uitous in medical research.25 For example, to check if a certain drug has a positive impact on
patients’ health, researchers will give a drug to a random sample of patients (treated patients),
and placebo pills to the others (untreated patients, or control group), and check how the medical
status of patients evolve over time after the treatment. The difference in the average change of
some health measures between the two groups of patients due to the drug is referred to as the
“average treatment effect” (ATE). Provided that the assignment of the actual drug versus pla-
cebo  among  patients  is  random,  the  ATE  is  an  estimate  of  the  causal  effect  of  the  drug  on
average.

In its most simple form, a regression measuring the causal impact of a treatment has the form
as shown in equation (2):

(2) outcome୧,୲ = β଴ + βଵshock୲ + βଶtreated୧ + βଷ(shock୲ x treated୧) + u୧,୲

Where ௜,௧݁݉݋ܿݐݑ݋  is the measurement of interest for individual i at time t, -t  is an indi݇ܿ݋ℎݏ
cator variable, taking the value of one if a shock is prevalent at time t (and zero otherwise), and
௜ is an indicator variable indicating whether the individual݀݁ݐܽ݁ݎݐ ݅ have received the treatment
at some point in time (and zero otherwise). ܵℎ݇ܿ݋௧ ݔ ௜ is equal to one on days where݀݁ݐܽ݁ݎݐ
treatment  firms  are  being  treated,  i.e.,  in  our  context,  when  their  orders  are  routed  to  Xetra
instead of LSX.

The coefficients α0, α1, α2 and α3 need to be estimated over individuals and time. In terms of
interpretation, α0 measures the average outcome for the control group (the intercept of the
curve), α1 captures the change resulting from the shock for the control group. α2 is the difference
in the outcome levels observed between the control group and the treatment group, before the
the shock and in the counterfactual world where the treatment has no impact. α3 is the average
treatment effect, i.e. the difference between control group and treatment group due to the shock.

25 The first application of a DiD analysis is usually attributed to Snow (1855), who showed that the transmission
channel of cholera works via water instead of air, as at those times was commonly believed. A well-known early
example of an application of DiD analysis in economic research is Card/Krueger (1994), analyzed the impact of
minimum wages on employment by comparing two neighboring U.S. states before and after a minimum-wage
increase.
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Figure 1: Visual interpretation of the coefficients of the DiD model with trends26

In the context of this expert opinion, the individuals are the stocks, comprising stocks that are
never treated (the control group), and the ones that were treated (the treatment group). The
treatment group is treated in the sense that retail customers’ orders are not sold against payment
for order flow to a broker but instead are routed to the main exchange Xetra (XetraRouting).
Note that we observe treated stocks and the control group before, during and after the shock
(i.e. the Xetra routing), which is the setting needed to implement the DiD approach.

As the data are panel data (i.e. consisting of individuals repeatedly observed over time), we can
estimate a two-way fixed effects panel model, with fixed effects for individuals (stocks) and
time (trading days). The benefit of this model is that the individual fixed effects automatically
control for all observable and unobservable time-invariant characteristics of the stocks. Given
the short time period of observation of our experiment of only about three months, the individ-
ual fixed-effects can control for the average market capitalization of the firms, the stock price
level, the industry of firms, etc. Similarly, the time fixed effects control for all observable and
unobservable effects that are the same across individuals but vary over time, like the market
development, the business cycle, interest rates, and all other macroeconomic factors.

Equation (3) shows the regression model using the two-way fixed effect specification, where
λi are individual fixed effects, χt the time fixed effects and ui,t, is a general iid error term. The
outcome variable varies between the regressions. It is one of our measures of market liquidity
or price discovery, as introduced in Section 3.1. The coefficient α3 on the interaction term Xe-
traRouting x Treated is the estimated average treatment effect ATE.27 We do not need to esti-
mate coefficients βଵ or βଶ as presented in the previous equation because these effects are cap-
tured by the fixed effects for individuals and time periods.

(3) ݉݋ܿݐݑ݋ ௜݁,௧ = ଴ߚ + ௧݃݊݅ݐݑ݋ܴܽݎݐ݁ܺ)ଷߚ ݔ (௜݀݁ݐܽ݁ݎܶ + ௜ߤ + ௧ߜ + ௜,௧ݑ

26 The figure is taken from Schiozer et al. (2020), their Figure 1B.
27 We include individual (stocks) and time (trading days) fixed effects and cluster standard errors for individuals
and time as well.
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3.4.2 Descriptive Statistics and Parallel Trends Assumption
Our  main  sample  consists  of  10  randomly  selected  stocks  in  the  treatment  group  with  high
liquidity and a market share of the neo-broker between 2%-5%. The control group comprises
12 stocks that met the same selection criteria as the treatment group. Table 2 shows averages
of trade statistics in the sample period of the experiment. In particular, it allows for a compari-
son of average trade participation of the neo-broker during the experiment’s sample period with
its average trade participation in the calendar year before the selection of stocks for the experi-
ment. Also, for both time periods, averages are shown for the treatment and control group of
stocks.

The table illustrates that the neo-broker’s trade participations rates are comparable before and
during the experiment, and for the control and treatment group. About 3.18 million shares have
been traded in the 27-day sample period due to Trade Republic’s customer orders, and about
2.75 million shares in the stocks of the control group.  The experiment thus analyzes groups of
stocks with high trade participation of Trade Republic and a significant amount of absolute
trade volume due to the neo-broker. Hence, if payment for order flow has a market quality
impact, the impact should be measurable, in particular for the analyzed group of stocks in the
experiment.

Table 2: Trade Statistics in the Sample Period

Note:  The  table  shows  averages  of  the  trade  participation  of  the  neo-broker  in  the  sample  period  of  the  main
experiment form March 21-Apiril 28, 2022, differentiated between treatment and control groups of stocks. The
trade participation on non-treatment days is neo-broker’s shares divided by (Xetra volume + neo-broker volume),
and on treatment days neo-broker’s shares divided by Xetra volume. Median daily trade value and median daily
shares traded per stock are provided as well.

Table 3 shows descriptive statistics for the main sample with regard to the liquidity and price
discovery measures used to analyze market quality. The table contains two panels, which show
averages of liquidity and price discovery measures differentiated between the period where no
treatment occurred (Panel A) and the period with the actual treatment (Panel B), i.e. where
orders for the treatment group were routed to Xetra instead of being internalized by LSX against

.
Treatment Group

(10 stocks)
Control Group (12

stocks)
Trade Participation Neo-
Broker (at selection) 2.59% 2.54%

Trade Participation Neo-
Broker (sample period
experiment)

2.58% 2.82%

Median Daily Trade
Value per stock [€] 334,194 130,061

Median Daily Shares
Traded per stock 5,340 5,013

Traded Shares from
neo-broker's customer
orders (in million]

3.18 2.75
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payment  for  order  flow.  Panel  C  shows  p-values  for  significance  tests  of  differences  in  the
median (using a Wilcoxon rank sum test) between different groups of comparison.

Significant differences between the treatment and control group medians occur for some quality
measures, both in the periods before and during the treatment. Note that this cannot be inter-
preted as the result of the experiment. This does not inform us on the impact of payment for
order flow because all observations get simply pooled over time and then compared to each
other. In addition, the univariate significance tests do not control for other factors, like the in-
dividual stock’s sensitivity to macro variables (e.g. interest rates, market volatility etc.) or stock
characteristics (market capitalization, industry, transparency etc.). Only the differences-in-dif-
ferences regressions in the next section control for all of these effects simultaneously

Hence, the univariate level comparisons just indicate that treatment and control group are on
different median levels for some variables (Autocorrelation, Cross Correlation, Realized
Spread, Price Impact and Effective Spread). Significantly different measures outside the treat-
ment days also remain significantly different during the treatment (except for the cross-corre-
lation measure for the index), thereby not indicating any change. The significant differences
also  do  not  violate  required  assumptions  of  the  DiD  analysis,  because  what  matters  here  is
whether  treatment  and  control  group have  parallel  trends  (and  not  levels),  and  whether  they
change differently in the treatment.
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Table 3: Descriptive Statistics Main Experiment

Note: The table shows averages of measures for stock market price discovery and liquidity for our main sample of analysis. The main sample consists of 10 randomly selected
stocks with high liquidity and a market share of the no-broker between 2%-5%. The control group comprises 12 stocks that met the same selection criteria as the treatment group.
The sample period is from March 21 – April 28, 2022. For treated stocks, in the treatment period from April 08 – April 14, 2022, the neo-brokers’ customer orders were routed to
the Xetra trading system, instead of being sold to the neo-brokers’ trading venue (LSX) against payment for order flow. Price discovery measures are the absolute difference of one
with the variance ratio of 5-minute over 1-minute mid-point log-returns, the 1-minute midpoint autocorrelation, and the 1-minute market return cross-correlation. Liquidity measures
are the time-weighted relative spread, the tick-based effective spread, the tick-based 1-minute realized spread, and the tick-based 1-minute price impact.
Panel A of the table shows statistics for the market quality measures in non-treatment times (from March 21 – April 07, 2022, before the treatment, and from April 19 – April 28,
2022, after the treatment). Panel B show statistics during the treatment period from April 8 – April 14, 2022, for treated and untreated stocks. Note that there was no trading from
April 15 – April 18, 2022 due to Easter bank holidays in Germany. Panel C shows results of Wilcoxon rank sum significance tests for differences in medians between treated and
untreated stocks.

Column Group of Stocks Variance
Ratio

Auto-
Correlation

Cross-
Correlation

Index (lagged)

Relative
Spread Price Impact Realized

Spread
Effective
Spread

Number of
Observations

1 Benchmark group: Not treated 18.882% 11.958% 9.355% 0.244% 0.355% 0.008% 0.361% 264
2 Treated 17.393% 10.579% 8.111% 0.217% 0.317% 0.013% 0.326% 220

3 Benchmark group: Not treated 19.607% 15.495% 9.228% 0.231% 0.398% -0.025% 0.371% 60

4 Treated while routed to Xetra 17.359% 12.417% 7.706% 0.200% 0.292% 0.011% 0.301% 50

1 vs 2 treated vs non-treated, non-treatment
period 34.611% 3.195% 2.342% 0.166% 0.027% 17.720% 0.159%  ---

3 vs 4 treated vs non-treated, treatment period 53.835% 22.413% 24.056% 4.593% 2.696% 11.233% 4.528%  ---

Panel C: Wilcoxon rank sum test for median equality

Price Discovery Liquidity

Panel A: Non-Treatment Days (Payment for Order Flow)

Panel B: Treatment Days (Order Routing to Xetra, no PFOF for treated stocks)
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The parallel trends assumption is one fundamental assumption of DiD analysis, however.
Therefore, Figure 1 and Figure 3 show two graphs plotting smoothed means of two key
measures over time (Variance Ratio for price discovery and Effective Spread for liquidity).28

The vertical dashed lines in the graphs show the beginning and the end of the treatment period,
the lines with circle-indicators show the control group, lines with “x”-indicators show the treat-
ment group.

Figure 2: Parallel Trends Graph: Variance Ratio

Figure 3: Parallel Trends Graph: Effective Spread

As can be seen from the figures, there is some pronounced volatility in the time-series of aver-
ages of the treatment and control group with irregular spikes, but no apparent pattern of a dif-
ferent behavior relative to each other before, during and after the treatment. Thus, a differences-
in-differences analysis appears reasonable.

28 As both groups only consist of a relatively small group of stocks (10 and 12 for treatment and control, respec-
tively), the time-series of the quality measures exhibit a pronounced volatility. We therefore smooth all time-series
in the figures with an exponentially weighted moving average, using a three-trading-day window.
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3.4.3 DiD Regression Results
Table 4 shows regression results obtained with the DiD approach relying on a model with stocks
and days fixed effects (see equation (3)), clustering standard errors at the day and stock levels.
As  additional  control  variables,  we  use  the  inverse  stock  price  as  well  as  the  natural  log  of
trading volume, each one-day lagged.29 For interpretation purposes, note again that the stock
fixed effects control for all time-invariant observable and unobservable characteristics like firm
size, industry etc., and the time fixed effects control for all observable and unobservable char-
acteristics that are constant across stocks, like macro-variables, the market volatility etc.

Accordingly,  the  key  variable  of  interest  to  assess  the  impact  of  payment  for  order  flow on
market quality for each of the analyzed measures is the interaction term between the indicator
for days with Xetra routing and the treatment group. For brevity, only the estimated coefficients
for this interaction (previously referred to as βଷ) are shown in Table 4.

The table shows that none of the estimated coefficients for XetraRouting x Treatment are sta-
tistically different from zero.30 Thus, the average treatment effects for all liquidity and for all
price discovery measures in the treatment period do not differ between the treatment and the
control group.

Alleged harmful impacts of payment for order flow on market quality when routing retail cus-
tomers’ orders to the main market should have resulted in higher liquidity, smaller spreads and
more efficient information processing in our field experiment. However, none of these hypoth-
eses are consistent with the evidence from the experiment. There is no improvement on infor-
mation processing, as Hypothesis 4 predicted. Also, the increased trading due to a significant
increase in retail orders in the Xetra market does not affect liquidity measures in a statistically
significant way, opposed to Hypothesis 1-3 on liquidity effects.

Overall, these results show that even the addition of large volumes of uninformed trading, as in
this experiment, are still too small to affect market quality.

29 Omitting the inverse price and log-trade volume as explanatory variables does not qualitatively change any
results regarding the market quality impact of payment for order flow.
30 The p-values given in Table 4 are used to assess statistical significance. They indicate the probability of error
when one rejects the assumption (null-hypothesis) of a coefficient of zero on the basis of the observed data, if the
null  is  true.  In  economics,  only  cases  in  which  the  probability  of  error  is  less  than  5% to  10% are  considered
statistically significant.
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Table 4: Differences-in-Differences Analysis Main Experiment

Note: The table shows estimation results from a fixed effects differences-in-differences analysis for our main
sample of 22 stocks, using day and stock fixed effects. The dependent variables are measures for price discovery
as well as market liquidity. Price discovery measures are the absolute difference of one with the variance ratio of
5-minute over 1-minute mid-point log-returns, the 1-minute midpoint autocorrelation, and the 1-minute market
return cross-correlation. Liquidity measures are the time-weighted relative spread, the tick-based effective spread,
the tick-based 1-minute realized spread, and the tick-based 1-minute price impact. See Section 3.1 for definitions.
In all regressions, additional control variable used are the (one day lagged) inverse stock price and the natural log
of the daily trading volume.
Coefficients are only shown for the estimate of the average treatment effect (XetraRouting x Treated). The treat-
ment group are ten stocks treated in the sample period from March 21 – April 28, 2022. For treated stocks in the
treatment period from April 08 – April 14, 2022, the neo-brokers’ customer orders were routed to the Xetra trading
system instead of being sold to the neo-brokers’ trading venue (LSX) against payment for order flow. Standard
errors are clustered for stocks and trading days.

4 Robustness: Testing for Actual Treatment

Our finding that payment for order flow has no impact on liquidity and price discovery on Xetra
during the treatment days can result for two reasons: (i) there is no causal effect of routing the
retail orders to the main market Xetra, (ii) the orders were actually not routed to Xetra. At least
in principle, there exists a potential conflict of interest with respect to routing the orders to Xetra
instead of taking them on the own book for the market makers of the LSX exchange. If the field
experiment had shown that, on treatment days, market quality is better due to the routing of the
neo-brokers’ order to Xetra, that could have significantly affected LSX exchange and its prof-
itability for the operator Lang & Schwarz.

To verify that such a distortion of the experiment did not occur, we have collected a sample of
1,000 customer orders, randomly sampled across treated stocks on treatment days by the neo-
broker. For these transactions, we can check whether the orders were actually routed to Xetra
by matching them with the Xetra tick data. Table 5 shows results of the matching attempt.

Dependant Variable Coefficient t-Statistic p-Value nObs R2

Variance Ratio XetraRouting x Treated -0.0065 -0.2007 0.8410 594 0.032
Autocorrelation XetraRouting x Treated -0.0151 -0.7784 0.4367 594 0.076
Cross-correlation Index XetraRouting x Treated -0.0065 -0.5614 0.5748 594 0.086

Relative Spread XetraRouting x Treated -0.0001 -1.0887 0.2767 594 0.278

Price Impact XetraRouting x Treated -0.0007 -1.2671 0.2057 594 0.094
Effective Spread XetraRouting x Treated -0.0004 -1.0841 0.2788 594 0.096
Realized Spread XetraRouting x Treated 0.0003 1.3014 0.1937 594 0.064

Price Impact XetraRouting x Treated -0.0007 -1.0948 0.2741 594 0.089
Effective Spread XetraRouting x Treated -0.0004 -1.0422 0.2977 594 0.092
Realized Spread XetraRouting x Treated 0.0003 0.8932 0.3721 594 0.037

Price Discovery

Liquidity (equal-weighted)

Liquidity (value-weighted)
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Matching is based on stock ISIN, order volume, and order price, in a two-hours window after
order initialization at the neo-broker. The table shows that, differentiating for market versus
limit orders, one can match about 95% of market orders using Trade Republic customer order
information to the corresponding Xetra tick trades in the two-hour trading windows. Some or-
ders will be not be captured due to

∂ trading took place after Xetra close,
∂ trading occurred on the next trading day,
∂ orders were split into smaller blocks (with the same execution price) due to market con-

ditions,
∂ or a failure by Lang & Schwarz (the broker) to route orders to Xetra.

The broker itself reported to Trade Republic that it was able to route 97% of all customer orders
to Xetra, and the test sample of orders confirms this information.

The median execution time, measured as the difference between the Xetra tick timestamp and
the  order  initialization  timestamp,  is  11  seconds.  For  limit  orders,  about  79%  of  orders  are
matched within a two-hour window, where the gap to 100% is of course predominantly attribut-
able to the limit not having been reached in the matching window.

Table 5: Matching Trade Republic Retail Orders to Xetra Tick Data

Note: The table shows results from matching a random sample of Trade Republic customers’ orders for the treat-
ment group of stocks during the treatment days from April 08 – April 14, 2022, during which customer orders
were routed to trading system instead of being sold to the neo-brokers’ trading venue (LSX) against payment for
order flow. Matching is based on stock ISIN, order volume and order price, in a two-hour window after order
initialization at the neo-broker.

The matching exercise demonstrates that the treatment of stocks on treatment days actually took
place. As a second, related robustness test, Table @ shows results from a differences-in-differ-
ences analysis of the average treatment effect for (the natural logarithm of) trade volume and
the number of transactions. Due to the experiment, we should expect that on treatment days
trading in the treated stocks increases as additional retail orders are added to Xetra. Since retail
orders are on average small and millions of additional shares were traded on treatment days,
one should in particular find that the number of trades in Xetra increases significantly on treat-
ment days.

All Market Limit
Number of Transactions 1,000 817 183

Matched in Xetra [%, within 2 hours
after initiation]  --- 92.78 86.34

Number of Firms (all, matched) 10 10 9
Median Execution Time (seconds)  --- 11.18 511.51
Median Trade Value [€]  ---      415.13 €      798.20 €
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From Table 6 can be seen that this is indeed the case. The estimated coefficients on the inter-
action term between the indicator for days with Xetra routing and the treatment group are pos-
itive for both log(Volume) as well as log(Number of Trades). With a p-value of  0,95% the ATE
for the log(Number of Trades) is statistically significant, showing that the treatment indeed had
a significant impact on trading in Xetra on treatment days.

Table 6: DiD-Analysis of Volume and the Number of Trades

Note: The table shows estimation results from a fixed effects differences-in-differences analysis for our main
sample of 22 stocks, using day and stock fixed effects. The dependent variables are the natural logarithm of trade
volume, log(Volume), and the natural logarithm of the number of trades, log(Number of Trades),  for a given stock
at a given trading day in the sample period form March 21 – April 28, 2022.
Coefficients are only shown for the estimate of the average treatment effect (XetraRouting x Treated). The treat-
ment group are ten stocks out of 22 overall. For treated stocks in the treatment period from April 08 – April 14,
2022, the neo-brokers’ customer orders were routed to the Xetra trading system instead of being sold to the neo-
brokers’ trading venue (LSX) against payment for order flow. Standard errors are clustered for stocks and trading
days.

Overall, the two robustness tests of matching Trade Republic orders to Xetra tick data and an-
alyzing the impact of the treatment on trade volume in Xetra show that the treatment of stocks
on treatment days took place as intended by the experiment.

5 Conclusions

So-called neo-brokers like Trade Republic or Robinhood offer retail customers access to trading
in capital markets at very low (or even zero) transaction costs, enabled by payment for order
flow. The rise of the neo-brokers has, however, re-sparked the debate about the impact of pay-
ment for order flow (PFOF) on market quality. Opponents argue that withdrawing retail orders
from the primary exchange harms investors in general through reduced market quality, where
market quality is traditionally measured by the liquidity of the market and the degree to which
it fulfills its price discovery function. In this context, the German neo-broker Trade Republic
mandated us to provide an independent expert opinion to assess the impact of payment for order
flow on market quality.

Our analysis of the impact of payment for order flow on the quality of stock markets in the
context of so-called neo-brokers first provides a thorough review of theoretical arguments. It
shows that a major consequence of payment for order flow arrangements is price differentiation.
Without payment for order flow all investors are pooled and pay the same bid-ask spread when
trading via market orders. An important component (known as the adverse selection compo-
nent) of the spread is the compensation that suppliers of liquidity require for the risk of trading
with better-informed counterparties. Retail investors are less likely to possess superior infor-
mation than institutional investors. Consequently, the appropriate adverse selection component
is lower for retail than for institutional traders. Yet, in a pooled market all investors pay the

Model Dependant Variable Coefficient t-Statistic p-Value nObs R2

FE for stocks and days, controls log(Volume) XetraRouting x Treated 0.0934 0.8686 0.3854 594 0.158
FE for stocks and days, controls log(Number of Trades) XetraRouting x Treated 0.2159 2.6015 0.0095 594 0.102
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same adverse selection component, implying that retail customers implicitly subsidize institu-
tions. Payment for order flow arrangement single out retail order flow and execute it at better
conditions. This is achieved by charging a lower bid-ask spread than the main market and/or
lower or even zero brokerage commissions. By implication, when retail orders are diverted
away from the main market, the adverse selection risk in the main market increases, possibly
resulting in wider spreads in the main market. While this widening of spreads is often used as
an argument against payment for order flow, it may simply be a reflection of the increased price
discrimination discussed above.

In spite of the theoretical prediction that payment for order flow results in increased spreads in
the main market, prior empirical research has not produced evidence of such an increase in
spreads. Our own analysis adds to this evidence. We conduct a unique field experiment, allow-
ing us to test the causal relationship between payment for order flow and the market quality
measures for the main market.

We identify stocks for which the neo-broker Trade Republic has a significant market share (2%-
5% of the daily volume) and then randomly select a sample of 10 stocks for which payment for
order flow was deliberately switched "off" and then "on" again. This was achieved by routing
all orders that Trade Republic received in these stocks to the main market (Xetra) for a treatment
period of five trading days.

Hence, for these stocks on treatment days, trading for Trade Republic retail customers occurred
without payment for order flow and without the otherwise usual execution on the exchange
segment of Lang & Schwarz (LSX). Rather, the orders were executed on the main market. This
re-routing leads c.p. to an increase in Xetra trading on treatment days due to additional orders
from retail investors who tend to be uninformed. The number of additionally traded shares was
in the millions. The control group of stocks (those 12 out of the stocks for which Trade Republic
has a significant market share that were not randomly selected for the treatment) were not
treated, meaning that orders in these stocks were executed via the usual payment for order flow
arrangement. This setting allows us to directly infer the causal impact of payment for order flow
on market quality by comparing quality measures before, during and after treatment for the
treatment and control groups. The field experiment thus allows us to observe a world with and
without payment for order flow, which is not usually possible.

We find that all our measures of market quality for the main market Xetra (related to market
liquidity  and  to  the  informational  efficiency  of  the  market)  did  not  change  in  a  statistically
significant way on the treatment days. Despite the large proportion of additional retail orders,
trading in Xetra did not get more liquid, and the informational efficiency of the market did not
improve.

These results imply that payment for order flow, even if implemented at large scale (remember
that the market share of Trade Republic in the stocks under consideration ranged between 2%
and 5%), does not lead to lower market quality in the main market. Even the increase in bid-
ask spreads predicted by theoretical considerations cannot be observed. The latter finding, by
the way, is consistent with earlier empirical evidence, surveyed in section 2.3 above, from the
US.
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In our field experiment we switched on and off payment for order flow by a single (yet large)
neo-broker. We can only speculate what would happen if all payment  for  order  flow  were
switched off. A reasonable estimate of the proportion of retail trading in the total trading volume
is 10%.31 Thus, 10% is a reasonable upper limit to the fraction of volume executed via payment
for order flow arrangements. In our experiment we switched on and off between 2% and 5% of
the volume, with no effect on market quality. We believe (but cannot prove) that market quality
in  the  main  market  would  not  deteriorate  even  if  all  retail  flow were  executed  off  the  main
market via payment for order flow arrangements.

Our analysis also has important implications for the regulation of exchange markets in general
and payment for order flow arrangements in particular:

∂ Different institutional settings that aim at separating retail order flow from the total or-
der flow have similar economic implications. Thus, from an economic perspective, neo-
brokers and payment for order flow are fundamentally similar to the internalization of
retail orders at financial intermediaries such as banks, or the establishment of specific
exchanges for private investors only. Any regulation should therefore address all of
these  settings  equally,  rather  than  focusing  on  just  one  of  them (as  is  the  case  in  the
current debate on payment for order flow).

∂ In our view, the most sensible regulatory measure to achieve fair stock trading for all
market participants is the creation of pre-trade transparency through the introduction of
a European best bid-offer (similar to the NBBO in the US). To create such a European
best bid-offer, pre-trade information would need to be collected from all publicly acces-
sible trading venue, aggregated on a per-instrument level, and published in real time. It
could then be made mandatory (and easily verifiable!) that off-exchange executions in
the context of payment for order flow and internalization arrangements must occur at
prices at least equal to the European best bid-offer.

∂ Once the European best bid-offer has been established, brokers who use payment for
order flow or internalize could be required to regularly publish execution statistics.
These would report the execution quality relative to the European best bid-offer. Such
a measure would promote competition between neo-brokers and would arguably result
in lower trading cost for retail investors.

∂ We strongly believe that a prohibition of payment for order flow is not warranted. It
would ultimately cut off retail investors from low-cost execution of their trades without
improving the quality of the main market. In addition, payment for order flow arrange-
ments, if prohibited, might simply be replaced with internalization schemes, which, as
pointed out above, have similar economic implications.

31 Puckett/Yan (2011) estimate the proportion of retail orders to be at about 20%. More recent data rather predicts
a lower proportion. The Xetra tick data provide an indicator for algorithmic trading, i.e. trades initiated on behalf
of institutional traders, which has a proportion of about 90% for our overall sample of 59 stocks and in our obser-
vation period. Boehmer et al. (2021) find that about 7% of daily average trade volume in all U.S. stocks arises
from retail market orders.
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Appendix A: Results on the Test Experiment

In the first stage of the experiment, we conducted a pilot study. Nine stocks out of 37 were
randomly treated, while the remainder 28 served as the control group. The treatment of routing
to Xetra instead of using the trading venue with payment for order flow (Lang & Schwarz Ex-
change, LSX) occurred for 4 stocks from Feb. 22, 2022 until Feb 24, 2022 (three trading days).
For another 5 stocks, treatment occurred in the following week, i.e. from Feb 28 – March 04,
2022 (five trading days).

This first experiment served as a testing ground to gather experience with the experiment, in
particular for Trade Republic and its broker who usually pays for the order flow, as customer
orders from the neo-broker had to be systematically redirected to Xetra by LSX. As it turned
out, three of the treated stocks and 22 stocks of the control group were too illiquid, such that
only few trades and only few quote updates occurred on Xetra. For twelve stocks (7 in treat-
ment, 5 in control), however, liquidity on Xetra was high enough to conduct an analysis on the
intraday level.  Henceforth we label this group of stocks as the “test  sample”.  Table 7 shows
basic characteristics of the firms in the test sample, similar to Table 2.

Table 7: Characteristics of Firms in the Pilot Study and Test Sample

Note: The table shows pre-experiment characteristics of firms, used to select the treatment and control group in
the pilot study of our experiment (test sample). All measures are taken up until January 31, 2022. The experiment
comprises overall a sampling period (before, during and after treatments) from February 01, - April 28, 2022,
treatment of 7 firms in the test sample occurred on Feb. 22 - Feb 24, 2022 or Feb 28 - Mar 04, 2022.

The main characteristic of the stocks included in the test sample is that the neo-broker has a
high market share in daily trading volume in excess of 5% trade volume participation, but still
some of these stocks are characterized by rather low liquidity. Therefore, for the test sample,
we analyze liquidity in 10-minute and 2-minute intervals for the Variance Ratio, and a 2-minute
interval for all other price discovery measures. Liquidity measures are based on contemporane-
ous and 1-minute forward mid-quotes, as for the main sample (see Section 3.1).

Market
Capitalization as
of 01/31/2022 [€

Mill.]

Average daily trading
volume (6 month until

31.01.2022)

Share of neo-broker in
daily trading volume
(average, 1 year until

01/31/2022)

Market
Capitalization as of
01/31/2022 [€ Mill.]

Average daily
trading

volume (6
month until
31.01.2022)

Share of neo-
broker in daily
trading volume

(average, 1
year until

01/31/2022)

No of Stocks 28 9
Mean 222 22,496 10.19% 4,476 2,258,265 6.56%
Median 104 12,590 7.69% 334 76,192 5.87%
Std. 228 25,535 12.44% 11,203 6,454,548 2.36%
Min 9 1,742 5.10% 91 2,766 5.03%
Max 660 105,538 72.46% 34,231 19,466,938 12.58%

No of Stocks 8 7
Mean 424 33,345 7.38% 5,728 2,901,181 6.91%
Median 445 25,896 6.47% 468 114,177 5.92%
Std. 207 32,716 2.19% 12,613 7,306,039 2.60%
Min 110 1,742 5.16% 287 6,214 5.05%
Max 640 105,538 10.86% 34,231 19,466,938 12.58%

Untreated Treated
Pilot Study: All stocks

Pilot Study: Test Sample
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Table 8 shows estimation results according to equation (3) for all seven market quality indica-
tors described in Section 3.1. Compared to the analysis of the main sample of liquid stocks
analyzed in Section 3.4, qualitative results do not change even for this sample of much more
illiquid stocks.

Price discovery measures do not change on treatment days, implying that information pro-
cessing is not affected by adding liquidity to the Xetra by increasing the number of uniformed
retail orders. The only difference with the results obtained with the main sample is that for equal
weighted liquidity measures, the price impact is statistically significant negative and the real-
ized spread is significantly positive. As discussed before, a finding that the price impact is re-
duced is consistent with the fact that more retail orders are on treatment days in the Xetra mar-
ket. If market makers identify the increase in uniformed orders, this could lead to a decrease in
the average price impact (see Hypothesis 3). The higher realized spread would imply a higher
temporary impact of orders on average. Overall, these effects cancel out, as can be seen from
the insignificant effect on the effective spread. However, since the effects on the spread com-
ponents are not observable with value weighting of liquidity measures, the results are not robust
and most likely due to artifacts attributable to the low liquidity and the small sample size of the
test sample.

Table 8: Differences-in-Differences Analysis: Test Sample

Note: The observation period is from Feb 01 until Mar 18, 2022. Treatments in terms of order routing to Xetra
without (PFOF) instead of LSX (with PFOF) occurred for six stocks on Feb 22- Feb 28, 2022 or Feb 28 - Mar 04,
2022, respectively. The control group consists of six stocks as well. Price discovery measures are the absolute
difference of one with the variance ratio of 10-minute over 2-minute mid-point log-returns, the 2-minute midpoint
autocorrelation, and the 2-minute market return cross-correlation. Liquidity measures are the time-weighted rela-
tive spread, the tick-based effective spread, the tick-based 1-minute realized spread, and the tick-based 1-minute
price impact. The two-way fixed effects panel regressions include fixed effects for stocks and trading days (time).
Standard errors are clustered for stocks and trading days.

Dependant Variable Coefficient t-Statistic p-Value nObs R2

Variance Ratio XetraRouting x Treated -0.0104 -0.1995 0.8420 408 0.066
Autocorrelation XetraRouting x Treated -0.0022 -0.0817 0.9349 408 0.066
Cross-correlation Index XetraRouting x Treated 0.0226 0.9192 0.3586 408 0.093

Relative Spread (time-weighted) XetraRouting x Treated 0.0000 -0.1293 0.8972 408 0.320

Price Impact XetraRouting x Treated -0.0010 -2.2797 0.0232 408 0.377
Effective Spread XetraRouting x Treated -0.0005 -1.1671 0.2439 408 0.444
Realized Spread XetraRouting x Treated 0.0005 2.2343 0.0261 408 0.032

Price Impact XetraRouting x Treated -0.0008 -1.4275 0.1543 408 0.315
Effective Spread XetraRouting x Treated -0.0005 -0.8202 0.4127 408 0.396
Realized Spread XetraRouting x Treated 0.00029 0.7041 0.4818 408 0.026

Price Discovery

Liquidity (equal-weighted)

Liquidity (value-weighted)
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