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a b s t r a c t
During the last years information technology has had a profound impact on ﬁnancial markets. The speed
of trading and the amount of available information has increased substantially. Nearly all exchanges have
upgraded their trading systems to meet the demand of investors and enhance their competitive position.
However, the impact on liquidity and price efﬁciency remains unclear. In this paper we present an event
study to examine the effects of an infrastructure change at the Deutsche Börse in Germany. On April 23,
2007, Deutsche Börse released an upgraded version of their electronic trading system Xetra. We study the
impact that this upgrade had on the efﬁciency of prices, measured as the pricing gaps between the
observed futures prices and their theoretical values based on the underlying cash market. Our results
suggest that the system upgrade reduced the pricing gapand thus improved price efﬁciency.
Ó 2010 Elsevier B.V. All rights reserved.

1. Introduction
Securities exchanges are becoming increasingly automated.
Stock and derivative exchanges around the world have introduced
fully automated and transparent electronic trading systems,
replacing their trading ﬂoors on which brokers manually match orders using an open-outcry system. For example, Lucas et al. (2009)
provide a detailed analysis of how information and communication
technologies changed trading on the New York Stock Exchange
(NYSE). In 1980 a trade execution on the NYSE trading ﬂoor took
3–5 min. Since 2006 it has become possible to bypass the trading
ﬂoor completely. Electronic trading systems today allow for order
times of less than 10 ms. Over the course of the past 5 years most
major exchanges have further upgraded their trading infrastructure to accommodate the increase in algorithmic trading (Hendershott et al. forthcoming). Algorithmic trading is commonly deﬁned
as the use of computer algorithms to manage the trading process.
The increase in algorithmic trading is the reason most often cited
for the corresponding increased trading volume in securities
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(Hasbrouck and Saar 2009). Interestingly, few if any studies in
the information systems (IS) and ﬁnance literature have focused
on the effect of system upgrades on transaction costs (spreads,
brokerage, and commissions paid by investors), transparency, and
price discovery.
This study focuses on the effect an infrastructure upgrade in one
market – the Xetra stock market – has on the pricing discrepancies
with the Eurex derivatives market. In modern markets, algorithms
are used to identify deviations of prices from fair values and implement the trading decisions. Assuming that an index future is priced
too high compared to its theoretical price, an algorithmic trader
could exploit the divergence while selling the stock index future
and simultaneously buying the underlying stocks of that index.
As proﬁt of the arbitrage strategy, she gains the temporarily
inﬂated pricing gap between these two baskets. Since the cost
of trading in the spot and futures markets differs, the amount of
information impounded may differ. As a result, the predictions of
the efﬁcient market hypothesis (Fama 1970) may not always hold.
Our study provides new evidence that reduced latency1 of electronic trading systems improves the price discovery process, thus
producing more efﬁcient prices.
The efﬁcient market hypothesis states that asset prices should
reﬂect all available information. It further breaks efﬁciency into
1
In the context of this article, latency is deﬁned as the time required for an order to
travel from the client system, across the network to the exchange backend and for
conﬁrmation of the order to be sent back to the client (round-trip).
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three forms: weak, semi-strong, and strong. The most important
form of efﬁciency, in the context of this study, is the weak form.
Weak form efﬁciency states that future prices cannot be predicted
with past realization of public information including trades,
quotes, and volumes. The infrastructure upgrade we study effectively improves the provision of public information in one market
over another. By providing more timely prices, the market prices
should deviate less from the efﬁcient price. We implicitly test this
relationship below.
The two markets under analysis are both owned and operated
by Deutsche Börse AG. Xetra and Eurex are linked in two important
ways: they both operate on a similar underlying trading system,
and the derivatives listed on Eurex have Xetra traded securities
as their underlying ﬁnancial instruments. Due to this unique market structure we can measure the exact pricing gap between the
two markets. This feature is a contrast to other studies of spot
and futures index deviations in electronic markets.
Speciﬁcally, we study the effect of the upgrade of the Xetra system on the pricing gap between the theoretical futures prices
based on the price of the German blue chip stock index DAX and
observed futures prices on this index. The DAX is calculated using
real-time trade prices in the underlying stocks. Moreover, we use
trade prices of the most liquid DAX futures. In theory the observed
futures prices should always be equal to the theoretical futures
prices. Empirically, we often observe discrepancies in the pricing
relationship between these two prices. We call these discrepancies
pricing gaps and measure the effect of an IT-infrastructure upgrade
on these. Due to faster, lower-risk arbitrage, we expect that the
infrastructure upgrade should reduce these gaps.
The paper is organized as follows: In Section 2 we discuss related work in the IS and ﬁnance literature. Section 3 covers the
market microstructure that is relevant for our study. The data
and methodology are presented in Sections 4 and 5, respectively.
We discuss and interpret the results in Section 6 and conclude with
a summary and provide an outlook for further research.
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ing, especially considering the recent explosion in IT investment by
securities exchanges and ﬁnancial intermediaries (Domowitz,
2002). New order types, fully automated trading systems, and
other features have been introduced at most securities exchanges
worldwide.
There are a number of studies that do not use the event study
methodology, but rather look at the effects of IT and IT investments
of exchanges and ﬁnancial intermediaries. The structure and competition of ﬁnancial markets have been analyzed by Bakos et al.
(2005). Strategic decision choices for electronic trading systems
(Levecq and Weber 2002), the role of intermediaries and risk management in modern ﬁnancial markets (Clemons and Weber 1997)
as well as liquidity effects of electronic limit order books (Hmaied
et al. 2006) have also been research topics of interest. Lucas et al.
(2009) further discuss how NYSE as incumbent stock market could
defend its market position against new innovative competitors.
To date, there are very few papers studying the issue of the integration of two ﬁnancial markets from an IS perspective. Kempf and
Korn (1998) are concerned with the lead–lag relationship when the
stocks are ﬂoor traded while the futures are screen traded. Grünbichler et al. (1994) look at the relative advantages of ﬂoor and
screen trading systems using a similar approach to ours. Their results show that electronic trading results in a more rapid price discovery process.
Still, none of these contributions look at the question of the effects of IT investments on the integration of two electronic ﬁnancial markets. Speciﬁcally, we examine the contribution of IT
investments on the integration of the futures and the spot market
with respect to an infrastructure upgrade. This situation promises
relevant results since the theoretical relation between these two
markets has already been examined extensively in the ﬁnance literature. We also contribute to the ‘‘internationalization” of event
studies in IS called for by Roztocki and Weistroffer (2009). They
ﬁnd that only ﬁve of the analyzed IS-related event studies use
non-US stock data.
2.2. Finance literature

2. Related work
As noted above, there is a strong link between the efﬁcient market hypothesis and our study. The efﬁcient market hypothesis is often tested in an event study framework (MacKinlay 1997) similar
to the one we use. Event studies generally test for event returns
that are signiﬁcantly different than zero and attribute these to
the event being studied. Event studies are also used to test for
the impact of events on variables other than returns, and therefore
not as direct tests of the efﬁcient market hypothesis. Examples of
these include Hendershott et al. (forthcoming) and Riordan and
Storkenmaier (2009); these types of studies are usually used with
natural experiments, like system upgrades or regulatory changes.
Since the late 1960s, the event study methodology has been widely
used to explain potential effects of corporate events, for example,
shifts in corporate strategies or changes in top management. Event
studies are applied in many research areas like accounting, ﬁnance,
and strategic management (McWilliams and Siegel 1997).
2.1. IS literature
Event studies have recently gained importance in the IS literature. In general, event studies in IS can be grouped into four categories: IT investment (e.g., in ERP software, EAI, e-commerce
activities), IT security, IT outsourcing, and other IT-related topics.
See Roztocki and Weistroffer (2009) for a review of event studies
in IS. Thus far, there have been relatively few studies that analyze
the effect of IT investments on ﬁnancial market efﬁciency and market integration using the event study methodology. This is surpris-

According to Cornell and French (1983), the theoretical value of
an index futures contract is equal to the price of the underlying
spot index plus the cost of carrying the spot index over the remaining life of the contract (cost of carry (COC) model). The cost of carrying consists of deferred interest payments paid on the stock
index minus the deferred value of the dividend payments that accrue to the holders of the individual market constituents. The fair
price of the index futures contract is determined based on the
assumption that spot markets are frictionless. That is, there are
no taxes or transaction costs and all market participants have equal
access to ﬁnancing at the risk-free rate. The value of a futures contract is expressed as follows:

F t;T ¼ St erðTtÞDt;T

ð1Þ

where Ft,T equals the futures price at time t for a contract that matures at time T, St equals the spot index value at time t, Dt,T equals
the time T value of dividends paid on the component stocks between t and T, and r(T  t) equals the risk-free interest rate spanning the period from t to T. If dividends are not relevant, the
formula can be simpliﬁed to:

F t;T ¼ St erðTtÞ

ð2Þ

Since the late 70s, the relation between futures and spot prices
has been extensively studied in the ﬁnance literature. These articles can be broadly grouped into four categories. The ﬁrst body
of literature looks at the question whether one market leads and
the other market lags (e.g., Kawaller et al. 1987). A general ﬁnding

