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ABSTRACT

The success of electronic markets does not only hinge upon scalable IT plat-
forms combined with extensive marketing campaigns. Scientists and practitio-
ners tend to agree that electronic markets have to be carefully designed, since
even small failures in design decide on the overall success or failure of a mar-
ketplace. Unfortunately, traditional market design literature is often limited to
the design of the trading rules. To solve practical challenges, the design of an
adequate business model for the market operator and the design of individual IT
platforms are also essential.

The paper introduces a conceptual framework based on secondary literature
research that attempts to integrate the various theory streams of market de-
sign. By applying the grounded theory method, a market engineering process
is derived. With the concept of Computer Aided Market Engineering (CAME)
the present paper provides the vision, to analyze and structure the problem
domain and to guide market designers in their task supporting them with an
integrated tool suite.

1 Riseand Fall of Electronic Markets

In Information Systems electronic markets are commonly defined as inter-organizational information
systems that allow buyers and vendors to exchange information about prices and product offerings
(Bakos 1991). It is widely acknowledged that they bear the potential to reduce the transaction cost of
trading (i.e., money and time necessary for gathering product information concerning quality and
price) of the participants, speed up business processes, provide access to global buyers and seller, pro-
vide a whole new array of transaction methods, increase efficiency and overall shift hierarchical to
more market coordination (Malone, Yates et a. 1987; Moa Technologies 2000; Kauffman and Wal-
den 2001).

By 2000, this electronic market hypothesis' seemed to become reality. In deed, a vast growing impor-
tance of electronic markets was observed. In the press, especialy B2B markets had been predicted to
revolutionize traditiona forms of interaction and to be a milestone within the evolution of the network
economy. Mgjor research agencies topped one another with ever increasing estimates about turnover
and revenue volumes. For instance Gartner Group predicted that, the turnover of B2B markets would
amount to $7.29 trillion by 2004 (Knight 2000). Similar results predict an online transaction volume of
over $6 trillion by 2004.

The last two years have, however, also experienced the silent disappearance of many of these markets.
Many had been suffering from meager transaction volume and equally meager revenues (Wise and
Morrison 2000).

Argumentations for this decline can be drawn from a micro as well as from a macro perspective. In the
latter case, i.e., the burst of the Internet bubble is accused to have seized the marketplace industry. In
the former case, the argumentation is more complex and addresses designing — the process of con-

! The *Electronic Market Hypothesis' refers to the aforementioned predicted shift from hierarchical to market
coordination.



sciously organizing — electronic marketsin al their facets. Due to the limited scope, this paper exclu-
sively focuses on the micro level of eectronic markets.

The remainder of the paper is structured as follows. Section 2 illustrates the fundamental understand-
ing of market design. The issues of market design stem from various disciplines (e.g. software engi-
neering, incentive engineering, price theory etc.). Accordingly, markets cannot only be viewed from
one perspective. The present article derives in section 3 a conceptua framework that comprises the
key factors of electronic markets. This framework is used as areference point for the market engineer-
ing process, which is derived by applying qualitative research methods. Section 4 briefly depicts the
engineering process. Section 5 concludes with a summary and the vision of atool suite designated to
support the engineering process.

2 Fundamentalsof Market Design

In literature, the process of market design is tightly connected with the field of Economics. In his sali-
ent New York Times column, the famous Economics Professor Hal Varian lately emphasized this
natural relationship as follows: “ Economists are increasingly being called on to give advice about how
to design markets’ (Varian 2002). What he had in mind was that the design of the trading rules (i.e.,
economic ingtitutions) determines the market outcome. Accordingly, it is not astonishing that econo-
mists are increasingly being called on to give advice about how to design markets (Roth 2000; Roth
2002; Varian 2002). This has happened in various applications such as the design of spectrum auc-
tions, power exchanges, financia exchanges and a variety of other market and market-like mecha-
nisms. Consequently, “[...] economics looks more like engineering than it does pure science” (Varian
2002). In this context, the market designer is perceived to be an economist who applies principles of
economic anaysis to design economic ingtitutions. In theory markets are adequate to achieve the envi-
sioned goals such as an efficient resource allocation. However, in practice e ectronic markets have not
yet proven their theoretical potentials. Harvard Professor Al Roth illustrates this by the metaphor that
“markets are not always growing like weeds, some of them are hothouse orchids’ (Roth 2002).

The reason why electronic markets work better in theory than in practice stems from the fact that is not
sufficient to just implement a technical infrastructure and launch comprehensive marketing campaigns
as it has been done in many practical cases. Electronic markets are not just evolving, but they have to
be carefully designed. However, design is not only restricted to the design of the market mechanisms.
In fact, numbers of other factors have to be regarded to ensure customer satisfaction.

Lack of a coherent interdisciplinary theory, the market designer has to improvise where existing the-
ory streams are silent. In analogy to the picture of the economist as an engineer, the market designer
can also perceived to be an engineer. The process of designing markets is thus dubbed “Market Engi-
neering”.

Having mativated an engineering-like approach for market design it is necessary to identify the issues
of market engineering. But what exactly are these issues, and, moreover, which concepts and tools can
guide a market engineer to high quality electronic markets?

3 Pergpectivesof Market Engineering

Answering those questions is not an easy task. First of all, the definition of market quality is cumber-
some. Possible quality concepts range from liquidity over efficiency to more complex aggregates such
as best execution (see for example Budimir, Holtmann et al. 2001). In the following, details of the
quality debate are not further pursuit because, regardiess of the applied quality concept, the market
engineering process can be worked out.

Note, that market quality is formed by the interaction of market participants. The way buyers and sell-
ers come together in the agreement process determines the market outcome. Clearly, the market de-
signer cannot influence the negotiation behavior and has accordingly no direct control over the market



quality. However, all the market designer can do is to define the structure of the market in a way that
the participants have an incentive to interact in a certain way.

This understanding is similar to the market structure-conduct-performance (S-C-P) theory (Mason
1939; Bain 1968; Tirole 2000) taken out of industrial organization: The market (standing for industry
in this context) structure influences the conduct in that industry, which has in turn an influence on the
market outcome. However, talking about electronic markets sways the notion of market structure.
What exactly determines the structure of an electronic market?

Based upon an extensive secondary research, a conceptual framework is derived by extending the S-C-
P. This conceptual framework (Miles and Huberman 1994) is envisioned to explain the structure of an
electronic market. The main topics to be studied in market engineering — the key factors, constructs or
variables — and the presumed relationships among them will be identified. The framework identifies
three main perspectives, which are introduced in the following and illustrated in more detail in section
3.1-.3.3.

The first perspective concerns the market’s microstructure (the market’ s mechanisms). Secondly, from
an information technology view it is essential how these rules are provided (the market’s infrastruc-
ture). Thirdly, from a business oriented view it is necessary to determine how much is charged for the
single market services (business structure).?

Thus, the traditional understanding is enlarged: The combination of these three interdependent per-
spectives builds the market’ s structure. The market microstructure (What?) as well as their realization
by IT (How?) and the pricing (How much to charge?) of the single trading services affect the strategic
behavior of the participants in the market and, consequently, the market outcome (see Figure 1).

E-Market
Outcome/ Performance
—— —
Conduct
——

Market Engineering Perspectives

Microstructure Infrastructure | Business Structure

Figure 1. Market Engineering Perspectivesand their indirect relation to the market outcome.

Two examples — from the participants as well as from the designers’ point of view — can illustrate this
understanding. The Participants will change their bidding behavior if no longer open but sealed bids
are allowed, and/ or, if face-to-face interaction is replaced with computer front-ends, and/ or if transac-
tion fees are doubled. On the other hand, the market designer will have to adapt the pricing of the ser-
vices supplied if these services or the underlying infrastructure is changed.

Aninterdisciplinary analysis of the interdependencies among the market structure perspectives as well
as between structure and conduct is missing and state-of-the-art theory fails to answer the questions,
what exactly these design issues in eectronic market engineering are, and which concepts and tools
are necessary to guide the market designer to build high quality electronic markets.

The next chapters illustrate the three perspectives in more detail before the vision of a market engi-
neering tool suite isintroduced.

2 |n the remainder of the paper, the terms market engineering perspectives and design areas are considered simi-
lar. The term structure is used to characterize the result of a design task, whereas, the term design addresses
the process of structuring or organizing.



3.1 Whattoprovide—Microstructure

Ever since the establishment of a separate discipline, Economics deals with markets. However, tradi-
tional theory abstracts from the specific market mechanism. Most of its models assume perfect infor-
mation, which basically means that all participants have all available information. Long before the
Nobel price winners Stiglitz, Akerlof and Spence had started working on asymmetric information,
Hayek already emphasized that the market process can communicate dispersed information which
allows a better resource allocation (Hayek 1945). The classical metaphor of the “walrasian auctioneer”
assuming perfect information is inadequate to explicitly explain the precise functioning of a market.
New approaches therefore address these shortcomings by incorporating aspects such as the working of
mechanisms, risk and information allocation (e.g. auction theory, market microstructure theory,
mechanism design, incompl ete markets, information economics).

Closely related to those aspects, many theoretical and experimental research focuses the question, how
exactly different institutional definitions (e.g. auctions) affect bidding/negotiation behavior (auction
theory, mechanism design, and negotiation analysis and many more). By varying the trading rules, the
changed incentive scheme alters the market outcome. Market microstructure design thus determines
the trading rules according to a set of goals.

Traditionally only those mechanisms are analyzed which equilibrate demand and supply over the price
(Milgrom and Weber 1982; McAfee and McMillan 1987). In recent years the trend shifts to more
complex mechanisms that allocate more than one good either heterogeneous (combinatorial auctions,
e.g. Rassenti, Smith et al. 1982) or homogeneous (multi unit auctions, e.g. Ausubel and Cramton 1996;
Krishna 2002). The more complex the relationship between the goods is, the more are the borders
between economics and operations research blurring. Operations research allows the development of
algorithms that approximately approach the optimal solutions by reducing the complexity tremen-
dously (Rothkopf, Pekec et al. 1998; Nisan and Ronen 2001; Sandholm 2002).

Since the start of the Internet boom, more research projects have been analyzing not only market mi-
crostructure design as isolated area but also explore the interdependencies with system and business
design (Cohen, Maier et a. 1985; Massimb and Phelps 1994; Schwartz 1995; Spulber 1999).

3.2 Howtoprovide—Infrastructure

The infrastructure — or more precisely the IT infrastructure — is concerned with the mapping of the
microstructure into the world of IT and into running systems. There are generally two strategies con-
ceivable, how to perform this design task.

Firstly, the existing trading rules (microstructure) can be purely trandated into an information system.
The first electronic stock exchanges, for example, just implemented the rules of the existing floor ex-
changes. The arguments for this electronification usually comprise efficiency aspects: Trading proc-
esses can be performed faster and at lower costs. Furthermore, electronic markets do not require par-
ticipants to be located at a certain floor to participate in the market, remote memberships are possible.
The potential range of the market is amost unlimited. Operating targets in infrastructure or system
design aso comprehend issues such as standardization, flexibility, and interoperability with other sys-
tems (e.g. marketplaces or ERP (enterprise resource planning) systems). The better the marketplace is
integrated with the firms' information system landscape, the greater are the efficiency gains that can
be achieved.

Secondly, information systems can also be used to design new markets, as IT facilitates the establish-
ment of more complex trading methods that have desirable properties. In contrast to electronification,
this is often referred to as e ectronization. For example mechanisms that allocate a product to the par-
ticipant who values it most (economic efficiency) do exist in theory. With the help of information
technology such complex auctions, in this case the Generalized Vickrey Auction (Varian 1995;
Ausubel and Milgrom 2002), can be practically performed. In this respect, the area of computational
mechanism design aims at developing mechanisms that embody desirable economic properties (e.g.



strategy proofness, efficiency, revenue maximization) without incurring their disadvantages (e.g. com-
putational tractability, information requirements)(Nisan and Ronen 2001; Bichler, Kaagnanam et al.
2002; Conitzer and Sandholm 2002). Overall, detailed studies how exactly the infrastructure affects
the behavior of the market participants are currently missing.

Infrastructure design is clearly a software engineering activity. As such the approaches in software
engineering must be transferred to the implementation of an electronic market. Here, the interdepend-
encies with microstructure and business play an integral role. Therefore, it is necessary to identify
these interdependenciesin the first place.

3.3 How much to charge—Business Structure

Traditional non-electronic markets such as floor stock exchanges were often established as non-profit
organizations (registered associations). The rationae behind this form of organization stems from the
high costs of operating floor exchanges. Interest groups co-operated in building an institution to re-
duce the coordination costs. As a consequence of this registered association, al members together
were responsible for the companies’ decisions and strategies, and also, for the market’s structure.® This
shared responsibility entails in a market structure that is characterized by balanced interests of the
members (Stoll 1992; Picot, Bortenlénger et a. 1996; Di Noia 1999). In recent years where the estab-
lishing and operating organized markets is due to the advances in information technology no longer as
costly, registered organizations lost in importance (Domowitz and Steil 1999; Lee 2000). For instance,
many stock exchanges have been altered from registered associations to private profit-maximizing
firms.

Analogous to industrial firms, electronic markets are exposed to competition among the customers.
Accordingly, the operators are forced to offer the best service portfolio to the lowest possible fees if
they want to remain active in the fierce competition. The business structure reflects the strategy of the
market operator. The strategy primarily encompasses the bundle of services that are offered and the
corresponding revenue model.

The challenge in the business design lies in the sound balancing of shareholders and non-shareholder
interests, aswell as of profit-optimization and market quality assurance. Furthermore, it isimportant in
strategic positioning that reconciles market’ s microstructure, infrastructure and business structure.

Hitherto, literature that conceives the market as afirmis still in itsinfancy. Accordingly a deep pool of
related research papers is missing (Schwartz 1995; Di Noia 1999; Lee 2000). However, viewing mar-
kets as a firm allows the application of (general) business administration literature. Where applicable,
it hasto be adjusted to the special aspects of electronic markets.

The comprehensiveness of business design aready hints at its importance in connecting the perspec-
tives. Gluing al three together can result in a closed, sound concept that is likely to be successful in
the competition. Contradictions to the other design areas can, on the contrary, result in the overall fail-
ure of a market. Consequently, it is the interdependencies among the design areas that are critical fac-
tors to success.

After having illustrated these three most important engineering perspectives, a guide to a structured
design process with regard to the customer is introduced. Every single step consists of a detailed
analysis of the three single perspectives and there interdependencies with each other concerning the
overall market outcome.

% Recall, that this structure fundamentally influences the market’s outcome and thereby for example the cost of
trading for every single member.



4  Processof Market Engineering

Lack of profound (scientific) knowledge, the process of designing markets has been characterized by
trial-and-error (Macey and O'Hara 1997). However, if markets should enfold their predicted potentias,
trial-and-error must be superseded by a structured, systematic design approach (Babin, Crainic et al.
2001; Neumann and Weinhardt 2002).

The systematic application of scientific knowledge in creating and building electronic markets is
deemed to have a deep positive impact on their quality. As in any other industry quality assurance
must also be considered not only during design but aso during operation.* In the remainder of the
paper, the engineering not the operation of marketsisillustrated in more detail.

As such, the development of a comprehensive engineering process — from the conception over imple-
mentation and comprehensive testing — is a way to increase the chances of markets. The proposed
electronic market engineering process is assumed to comply with the phase scheme depicted in Figure
2.

Market Engineering Process

Transaction Product Design | Transaction Process Design ‘ Evaluation

Efficiency-,

Functionality-,
Performance- and
Acceptancetests

Product and/ or Service
Specification

Participants
Identification and
Classification

Mapping into a
Concrete Market
Organisation

Requirements
Engineering

I l
Figure 2: Market Engineering Process (Budimir, Holtmann, Neumann (2001)).

The engineering process is based upon the understanding of best execution demands of heterogeneous
groups of investors (Budimir, Holtmann et al. 2001): Market participants use to prefer different trading
vehicles depending on the product to be traded and their trading strategy (Macey and O'Hara 1997;
Neumann, Holtmann et al. 2001; Neumann, Holtmann et al. 2002).

As illustrated, the engineering process — which was derived applying grounded theory approach
(Strauss and Corbin 1998)° — comprises three different stages (with 5 phases), namely the product
devel opment, the trading procedure development and the evaluation.

Stage 1: Product Devel opment

At this early stage of the engineering process the transaction product or trading object (the group of
goods being traded on the market) must be determined. If necessary, products must be harmonized
depending on their inherent properties (development of taxonomies and ontologies) and subsequently
categorized to (preferably) homogeneous groups.

Depending on the harmonization two extreme forms of traded goods spanning a continuum can be
identified. On the one extreme, the goods of a group are perfect substitutes such that highly fungible
markets (e.g. stock markets) evolve, whereas on the other extreme the goods of a group can be weak
substitutes (e.g. real estate). The latter case obviously requires different trading mechanisms, system
features, complementary services, and business plans than the former. Accordingly, the market opera-
tor must first strategically decide on the specific market segment(s) he is intending to serve. Then,
contingent on this strategic positioning, the corresponding tailored portfolio of complementary ser-
vices can be compiled.

Sage 2: Trading Procedure Configuration

4 As we understand the market as being the product or service of a firm, market engineering is the customer-
oriented process of product design.

® Due to space restrictions, the applied qualitative research procedure is omitted in this paper.



The configuration of the transaction process generally comprises the explicit formulation of the market
structure. Elements of the trading rules particularly concern market access, trade transparency, price
discovery, supervision and settlement (Rohrl 1996; Gomber 2000).

In order to induce participation the underlying trading rules of a market must meet the needs and re-
quirements of the relevant stakeholders or target customers respectively. The accurate determination
of these interested groups is subject to the identification process, which initiates the transaction proc-
ess configuration. One major drawback of the configuration process congtitutes the heterogeneity of
the various regquirement profiles. Typically, these profiles — depending on the product that is traded —
are contradicting each other. Thereistypically no one-size fitsit all mechanisms (Wurman 2001).

Due to this natural heterogeneity of the total market, electronic markets usually aim at a specific target
group with requirements that are homogeneous to a certain extent. The mapping of these (formal and
informal) requirements marks the difficulty of defining trading rules in effect (Budimir and Holtmann
2001). This particular difficulty stems from the interdependencies of the trading rules with the imple-
mented infrastructure and business structure.

As illustrated, the microstructure together with its implementation embedded within a business strat-
egy affects the strategic trading behavior of the participants. Consegquently, holistic market engineering
must account for the specifics of all three areas.

Due to the interdependencies and even contradictions among these three areas, the decisons in one
design area have an impact on the other. Since the behavior of the market participantsis influenced by
all three, the evaluation of the quality occurs in the next phase of the market engineering process.

Sage 3: Evaluation

The quality of a market is certainly no one-dimensional criterion. Accordingly, it is frequently not
sufficient that the electronic market generates good prices. Other economic criteria such as immediacy
and transaction costs but also technical aspects like reliability, performance etc. account for the quality
(Budimir, Holtmann et al. 2001). Traditionally market quality is measured by concepts such as liquid-
ity, transaction costs, and efficiency. However, those measures are influenced by the strategic interac-
tion of the participants. An ex-ante determination of all quality attributesis thus not possible. A redis-
tic, game theoretic reasoning is, moreover, extremely difficult taking the numerous variables into ac-
count.

Empirical methods — especially laboratory experiments — can help to explore the acceptance and qual-
ity of amarket’s structure before it is used in rea-world settings. Feedback of these tests can also pro-
vide accurate information how the three areas microstructure, infrastructure and business design must
be adjusted before the market is launched. Having in mind that a failure in the introduction phase often
leads to an overall failure of the market these tests diminish the likelihood of afailure.®

Clearly, the phases are not independent from each other. The suggested process is not conceived as a
strict, sequential arrangement of activities. Skipping or replacing phasesis rather possible (e.g. the first
phase can be skipped if an existing product definition is employed) — an iterative approach likely.

Summarizing, the structuring of this engineering process identified several tasks that has to be per-
formed and an ordering which tasks must take place early in the process or at a later time. In order to
assure good design solutions, i.e. an adequate market design with respect to al three dimensions, the
development of supporting tools appears to be reasonable. Those tools can firstly incorporate the es-

® After the design process is completed the roll-out can take place. With the roll-out the electronic market places
entersits lifecycle in operation. Although the operation process and the design process are not independent of
each other, the associated problems are different. The present engineering process focuses on the design ac-
tivitiesonly.



sential knowledge how to perform those tasks and, secondly, create either documents or programs/
agorithms, which can be used in subsequent phases of the engineering process.

5 TheVision of Computer Aided Market Engineering

Electronic marketplaces differ from traditional markets in the fact that they are completely designed —
not just evolving. By the means of appropriate structure the institution ‘market’ can attain a high de-
gree of market quality. On the other hand an inappropriate design can entail severe distortionsin allo-
cation, liquidity or customer-orientation. But what is an appropriate design? Every new marketplace
has to answer this question; every incumbent marketplace has to verify whether the current design is
still the most adequate one. The present paper proposes a structured approach to market engineering
that guides the market designer through this cumbersome design process.”

Furthermore, the idea of computer-aided market engineering is deemed promising to further structure
the process and is thus motivated. Recall that market engineering is usualy a knowledge intensive,
inter-personal and time-critical process.

Time-to-market is important particularly for innovative solutions, as the first-mover advantage is es-
sential. However, if early appearance is achieved by incurring severe design failures, the chances of
the electronic market are tremendously diminished. Recall that the market quality (in this respect li-
quidity) is a chicken-and-egg problem: Once a market started with low participation, the chance of
catching up is low since negative network effects work against this market. The market engineering
process is thus demanding a quick and thorough conception and implementation.

The second argument for computer support of the engineering process concerns the dispersion of de-
sign knowledge among different experts. Software engineers usually do not have consolidated knowl-
edge about specia products, market microstructures, or business models. Accordingly, the design
knowledge inherent to experts should be added to an accessible knowledge base. This base enhanced
by easy-to-use tool also gives novices (recall the software engineer example) the possibility to act as
an expert.

A third argument concerns the inter-personality of the market engineering process as awhole. As de-
picted in section3 market engineering is a complex process, which requires the cooperation of differ-
ent developers (economists, software engineers, managers). Supporting tools provide these developers
with a standardized approach. Furthermore, by the means of those tools, communication can be
streamlined by using ajoint terminology and providing visualization techniques.

In the discipline of software engineering the requirements are similar to those in market engineering:
high functionality software applications must be developed in a short period of time. This can be
achieved by the means of so-called CASE technologies (Computer-aided software engineering).
CASE tools allow automating significant parts of this time-consuming software development life cy-
cle. In analogy to CASE tools, specific development tools for market engineering are also deemed
promising to speed up the design process. Furthermore, the quality of the design process can be en-
hanced by a standardized, tested procedure®. The proposed engineering process should thus be sup-
ported by a CAME toal suite. The development of these CAME tools is subject to future research.

The engineering process can be conceived as a holistic approach since al important perspectives of
market design are included. Asillustrated, the conceptual framework of market engineering comprises
not only the microstructure perspective but also incorporates the business and infrastructure. By doing
S0, it can be explained why real markets better work in theory than in practice. The reason stems from

" Practically, it is of interest how exactly the engineering process should optimally look like. Due to the limited
scope of this paper the exact configuration of the phases are omitted.

8 Note that the engineering process is an open process. Knowledge acquired during the engineering process is
added to the knowledge base and will be accessible for other projects.



the perspectives of theory. Usualy, theory abstracts from the fact that the electronic market is a firm.
This omission of the business structure perspectives assumes a benevolent market, which is never the
casein therea world.
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