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ΠΕρΙΛηψη

Η διδακτορική διατριβή τοποθετείται στον ευρύτερο επιστημονικό χώρο της κοινωνικής 
υπολογιστικής (social computing) και συγκεκριμένα επικεντρώνεται στη μελέτη της μεθόδου 
των αγορών πληροφορίας (information markets). Οι αγορές πληροφορίας μπορούν να 
παρομοιαστούν με εικονικά χρηματιστήρια όπου σκοπός είναι η συνάθροιση της πληροφορίας 
που κατέχουν οι συμμετέχοντες και η απεικόνισή της στις τιμές συμβολαίων μελλοντικής 
εκπλήρωσης (futures contracts). Στη πιο απλή μορφή, η τελική τιμή των συμβολαίων συνδέεται 
με την έκβαση ενός αβέβαιου μελλοντικού γεγονότος. εάν αυτό συμβεί κάθε συμβόλαιο 
εξαργυρώνεται προς μία χρηματική μονάδα αλλιώς χάνει την αξία του. Κατά τη διάρκεια της 
αγοράς οι τιμές των συμβολαίων αντικατοπτρίζουν τη πιθανότητα έκβασης του γεγονότος. 
Οι συμμετέχοντες επηρεάζουν τις τιμές μέσα από τις αγοραπωλησίες που πραγματοποιούν 
βασιζόμενοι στις προσωπικές τους προβλέψεις αλλά και τις πληροφορίες που διαθέτουν 
αναφορικά με την εκδήλωση ή μη του γεγονότος. Με τον τρόπο αυτό η ατομική πληροφορία 
του καθενός συνυπολογίζεται, μετά από κάθε αγοραπωλησία, στις τιμές των συμβολαίων. 
Η λειτουργία των αγορών πληροφορίας βασίζεται στην αρχή της συλλογικής νοημοσύνης 
(collective intelligence), σύμφωνα με την οποία η συνισταμένη άποψη των πολλών οδηγεί σε 
ορθές αποφάσεις, και προϋποθέτει την ευρεία συμμετοχή ατόμων με διαφορετικές απόψεις.

Στα πλαίσια της διατριβής αναλύονται αγορές πληροφορίας που στοχεύουν στη συνάθροιση 
των προτιμήσεων των συμμετεχόντων (preference markets). Οι αγορές του είδους διαθέτουν 
δύο ιδιαίτερα χαρακτηριστικά: πρώτον τα συμβόλαια που διαπραγματεύονται οι χρήστες 
συνδέονται με γεγονότα που μπορεί να μη συμβούν ποτέ ή θα συμβούν στο μακρινό μέλλον 
και δεύτερον οι χρήστες μπορούν να προτείνουν νέα συμβόλαια τα οποία περιγράφουν 
εναλλακτικές μελλοντικές καταστάσεις. 

Η συμβολή της διατριβής συνίσταται στη μελέτη και επίλυση προβλημάτων που αφορούν 
τη χρήση αγορών πληροφορίας για υποστήριξη και οργάνωση διαδικασιών κοινωνικής 
υπολογιστικής. Ειδικότερα αναλύονται οι απαιτήσεις για την υλοποίηση της μεθόδου των 
αγορών πληροφορίας σε επίπεδο πληροφοριακού συστήματος και αναπτύσσεται σχετική 
εφαρμογή, διερευνώνται θέματα που αφορούν τις διαδικασίες δημιουργίας νέου περιεχομένου 
από τους χρήστες ενώ διαπιστώνεται η επίδοση της μεθόδου σε σχέση με εναλλακτικές 
και τέλος διατυπώνεται μια προσέγγιση όπου πράκτορες λογισμικού επεξεργάζονται τις 
προτιμήσεις των χρηστών όπως αυτές εκφράζονται σε κείμενα ή κλίμακες αξιολογήσεων για 
να πραγματοποιήσουν συναλλαγές στην αγορά. Αναλυτικότερα, η συμβολή της διατριβής 
διακρίνεται σε τέσσερα βασικά σημεία:

Καταρχήν αναπτύσσεται πρωτότυπο σύστημα που υλοποιεί τη μέθοδο των αγορών 
πληροφορίας για συνάθροιση προτιμήσεων των χρηστών. Το προτεινόμενο σύστημα 
ενσωματώνει απαιτήσεις που προέκυψαν τόσο από βιβλιογραφική ανασκόπηση όσο και 
από συνεντεύξεις με ενδιαφερόμενους χρήστες. Σκοπός του συστήματος που ονομάστηκε 
WIM (Web-based Information Market) αποτελεί η δυνατότητα εφαρμογής του σε 
σενάρια συνάθροισης προτιμήσεων με χρήση αγορών πληροφορίας. Τα εξής τρία σενάρια 
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υποστηρίζονται από το σύστημα:
•	 Σενάριο δημιουργίας νέου περιεχομένου: Σκοπός είναι η δημιουργική επίλυση 

προβλημάτων και η αξιολόγηση των λύσεων που προτείνουν οι χρήστες είτε αυτές 
εκφράζονται με τη μορφή νέων ιδεών είτε με τη μορφή εναλλακτικών προτάσεων. Οι 
χρήστες προτείνουν τις δικές τους εναλλακτικές ιδέες και προτάσεις που εμφανίζονται 
στην αγορά ως συμβόλαια μελλοντικής εκπλήρωσης ενώ επενδύουν ανάλογα με τις 
προτιμήσεις τους στην καλύτερη εναλλακτική. 

•	 Σενάριο εμπλουτισμού περιεχομένου: Σκοπός είναι η βελτίωση και ο εμπλουτισμός 
των ιδεών και των προτάσεων που υπάρχουν στην αγορά. Οι συμμετέχοντες 
μπορούν να επεκτείνουν ή να βελτιώσουν τις υπάρχουσες εναλλακτικές αλλά και να 
δημιουργήσουν νέες με τη μορφή συμβολαίων. 

•	 Σενάριο αξιολόγησης περιεχομένου: Οι χρήστες επενδύουν στις ιδέες και προτάσεις 
που προτιμούν. Με το τρόπο αυτό εκφράζουν την άποψή τους και αξιολογούν τις 
διαθέσιμες ιδέες και προτάσεις.

Στη συνέχεια πραγματοποιείται μέτρηση της επίδοσης των αγορών πληροφοριών όσον 
αφορά τη ποσότητα και τη ποιότητα του περιεχομένου που καταχωρούν οι χρήστες. Αρχικά 
ορίζεται ο ρόλος του κριτή στις αγορές πληροφορίας και περιγράφονται τρεις διαδικασίες που 
μπορούν να διέπουν τη δημιουργική επίλυση προβλημάτων με αγορές πληροφορίας ως εξής:

•	 Η αυταρχική διαδικασία κατά την οποία ειδικοί κριτές ελέγχουν το νέο περιεχόμενο 
που εισέρχεται στην αγορά με τη μορφή συμβολαίων. 

•	 Η δημοκρατική διαδικασία κατά την οποία οι συμμετέχοντες επιλέγουν το νέο 
περιεχόμενο που εισέρχεται στην αγορά.

•	 Η αναρχική διαδικασία κατά την οποία όλες οι προτάσεις των χρηστών γίνονται 
αυτόματα δεκτές.

Έπειτα υποστηρίζεται θεωρητικά η υπόθεση ότι ο ρόλος του συντονιστή-κριτή επιδρά στη 
ποιότητα και τη ποσότητα των προτεινόμενων ιδεών. Οι υποθέσεις επαληθεύονται με τρία 
εργαστηριακά πειράματα στα οποία μεταπτυχιακοί φοιτητές καλούνται να χρησιμοποιήσουν 
αγορές πληροφορίας για να καταχωρίσουν νέες ιδέες και να τις αξιολογήσουν. 

Παράλληλα θεμελιώνεται θεωρητικά η υπόθεση ότι οι αγορές πληροφορίας μπορούν να 
οδηγήσουν τους χρήστες σε περισσότερες και ποιοτικότερες ιδέες σε σχέση με άλλες μεθόδους 
ηλεκτρονικής παραγωγής ιδεών. Η υπόθεση επαληθεύεται με ένα τέταρτο εργαστηριακό 
πείραμα όπου μεταπτυχιακοί φοιτητές αυτή τη φορά χρησιμοποιούν ένα ηλεκτρονικό 
σύστημα καταχώρισης και αξιολόγησης ιδεών. Η σύγκριση με τα προηγούμενα πειραματικά 
αποτελέσματα επαληθεύει την υπόθεσή μας.

Στα πλαίσια της διατριβής πραγματοποιείται εφαρμογή των αγορών πληροφορίας σε 
εταιρείες και οργανισμούς για την επίλυση πραγματικών προβλημάτων και ποιοτική μέτρηση 
της επίδοσής τους. Τα πειραματικά αποτελέσματα χρησιμοποιούνται για την εφαρμογή των 
αγορών πληροφορίας σε εταιρείες και οργανισμούς με στόχο την επίλυση πραγματικών 
προβλημάτων συγκέντρωσης και αξιολόγησης ιδεών:

•	 Σε συνεργασία με το τμήμα διαχείρισης καινοτομίας της εταιρίας SAP AG η μέθοδος 
εφαρμόζεται για την αξιολόγηση νέων ιδεών από τους υπαλλήλους της εταιρείας. 

•	 Σε συνεργασία με τo Laval Living Lab σχεδιάζεται ένας διαγωνισμός καινοτομίας με 
στόχο τη δημιουργία και αξιολόγηση νέων ιδεών για τη βελτίωση της ζωής στις πόλεις 
με χρήση προηγμένης τεχνολογίας.

•	 Σε συνεργασία με την Ευρωπαϊκή Επιτροπή οι αγορές πληροφορίας εφαρμόζονται 
στα πλαίσια μιας δημόσιας διαβούλευσης όπου ζητείται από τους συμμετέχοντες 
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να καταθέσουν και να αξιολογήσουν προτάσεις σχετικές με μελλοντικά ερευνητικά 
θέματα για χρήση τεχνολογιών πληροφορίας και επικοινωνιών με σκοπό την 
εξοικονόμηση ενέργειας.

•	 Σε συνεργασία με τη πολιτεία της Βρέμης στη Γερμανία στα πλαίσια μιας δημόσιας 
διαβούλευσης για την αξιολόγηση προτάσεων σχετικά με την αναδιοργάνωση του 
μαθήματος των θρησκευτικών στα σχολεία.

Συνεντεύξεις με τους υπεύθυνους της κάθε εφαρμογής καθώς και ερωτηματολόγια 
αναδεικνύουν τη χρησιμότητα της μεθόδου.

Τέλος προτείνεται, υλοποιείται και αξιολογείται μια καινοτόμα προσέγγιση με έξυπνους 
πράκτορες λογισμικού, για τη βελτίωση της λειτουργίας συνάθροισης προτιμήσεων των αγορών 
πληροφορίας. Η προτεινόμενη προσέγγιση αποσκοπεί στην επεξεργασία προτιμήσεων και 
αξιολογήσεων που εκφράζουν οι χρήστες σε συστήματα εκτός των αγορών πληροφορίας όπως 
για παράδειγμα κείμενα ή κλίμακες αξιολόγησης. Οι πράκτορες λογισμικού εμπλουτίζονται με 
δυνατότητες επεξεργασίας τέτοιων δεδομένων (για παράδειγμα στη περίπτωση επεξεργασίας 
κειμένων εφαρμόζονται τεχνικές ανάλυσης/εξαγωγής συναισθήματος ενώ στη περίπτωση 
επεξεργασίας αξιολογήσεων ορίζονται στάθμες που χωρίζουν τις καταχωρίσεις σε θετικές και 
αρνητικές). Η επεξεργασμένη πληροφορία χρησιμοποιείται για την εκτέλεση συναλλαγών 
στην αγορά. Το αποτέλεσμα είναι η ενσωμάτωση των προτιμήσεων των χρηστών στις τιμές 
που διαμορφώνονται. Η προσέγγιση επαληθεύεται πειραματικά μέσα από μια εφαρμογή για 
την αξιολόγηση ταινιών κινηματογράφου με σκοπό τη πρόβλεψη των βραβείων Oscar. Μια 
δεύτερη εφαρμογή με στόχο τη πρόβλεψη του νικητή του παγκόσμιου κυπέλλου ποδοσφαίρου 
2010 δείχνει το ευρύ πεδίο εφαρμογής αυτής της προσέγγισης.

Χρησιμοποιώντας πράκτορες λογισμικού αντί για ανθρώπους καταρχήν λύνεται το 
πρόβλημα της εύρεσης αρκετών συμμετεχόντων στις αγορές πληροφορίας καθώς οι πράκτορες 
λογισμικού αναλαμβάνουν το ρόλο των χρηστών. Ακόμα, με τη προτεινόμενη προσέγγιση 
εξετάζονται περισσότερες απόψεις και αυξάνει το μέγεθος και η ποικιλία της πληροφορίας που 
αντικατοπτρίζεται στις τιμές της αγοράς γεγονός που συντελεί σε εγκυρότερα αποτελέσματα.

Λέξεις κλειδιά: Υπολογιστική Νοημοσύνη, Αγορές Πληροφορίας, Αγορές Συνάθροισης 
Πληροφορίας,  Συλλογική Νοημοσύνη, Συστήματα Υποστήριξης Αποφάσεων, Διαχείριση 
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AbstrAct

This thesis is positioned in the research area of social computing and focuses on the method 
of Information Markets (IMs). IMs are virtual stock markets whose primary purpose is to 
aggregate information dispersed among participants in the prices of futures contracts. In their 
simplest form, the contracts’ payoff depends on the outcome of an unknown future event. If 
the event occurs each contract is worth one monetary unit, else zero. The contract price reflects 
the aggregated belief of the probability of the event’s occurrence. Participants determine prices 
by buying and selling contracts based on their information and estimations. In this regard 
individual information is aggregated in contract prices after each transaction. IMs are based 
on the notion of collective intelligence which is the result of proper aggregation of local 
information from many individuals to generate an optimal global solution to a problem. Often, 
these solutions are more optimal than what any individual could have provided.

This research studies markets specifically designed for the aggregation of user preferences. 
This type of markets have two distinct characteristics: first the contracts being traded in 
the market are tied to events that may never occur or have a long time horizon and second 
participants can propose new contracts which represent different states of the future.

 The research goal of this thesis is to explore how IMs facilitate and support social computing 
processes with human and artificial agents. An information system for preference markets is 
engineered, issues that govern the processes of new content generation in preference markets 
are studied whereas the performance of such markets in relation to alternative approaches 
is identified and a new approach where agents assume the role of humans in the market is 
proposed. In more details four key contributions are presented in this thesis:

A Web-based Information Market (WIM) for preference aggregation is engineered and 
implemented. Our main goal was to build and operate an IM for preference aggregation. This 
implied the development of a modular platform that allows a great flexibility in the definition 
of the usage scenarios and which also enables us to track all the users’ activities and their 
behaviours on the platform.

The following three scenarios are supported by WIM:
•	 Content generation. The purpose of this scenario is the generation of new content. 

The game like process of the IMs impels users to propose new content which enters 
the market in the form of futures contracts. Trading occurs for all contracts, newly 
proposed and old. Participants are compensated not only according to their stock 
portfolio but also for their contributions.

•	 Content enhancement. The purpose of this scenario is to enhance the options in 
the market. Market participants can invest on a contract and then make their own 
contributions. For example in the case of innovation management they may question 
some aspects of the idea that the contract represents, suggesting improvements or 
changes according to their personal view.
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•	 Content evaluation. The purpose of this scenario is the evaluation of the available 
options. A market is setup with a number of options and traders invest based on their 
preferences. They trade contracts in an effort to increase the value of their stock 
portfolio. Transactions are used to identify the most promising options. Additional 
explicit traders’ feedback, such as comments and ratings, can be requested as well.

Next, we focus on the role of facilitator in IMs and we define a new dimension of facilitation 
which we call market facilitation. The introduction of new content to the market can be 
determined at different levels of restrictiveness. These reflect the form of interventionism and 
range from the ability to formulate alternative contracts without modifying their content to the 
formal rejection or acceptance of the proposed contracts, by a group of facilitators or a single 
facilitator. The least restrictive conceptual facilitation (which we call ‘anarchic mode’)allows 
complete freedom for the participants to add new content in the market. The moderate level 
(which we call the “democratic mode”) of restrictiveness allows participants collectively to 
decide through an Initial Public Offering (IPO) process. At the highest level of conceptual 
facilitation restrictiveness (which we call the “authoritarian mode”), the acceptance of newly 
created contracts is under the full control of a single market facilitator. 

We hypothesize that the market facilitation affects the quality and quantity of user generated 
content. Our hypotheses are validated with three laboratory experiments where post-graduate 
students use preference markets for idea generation and evaluation.

Furthermore we theoretically support that preference markets can lead to more contributions 
of higher quality by the participants. Our assumption is tested with another laboratory 
experiment where students use an electronic brainstorming tool. The results are compared to 
the previous experiments and our hypothesis is validated. In addition we deploy preference 
markets in a set of real life cases:

•	 In cooperation with the innovation management organization of SAP A.G. preference 
markets are used by employees to evaluate new ideas.

•	 In cooperation with the Laval Living Lab we design an innovation contest for idea 
generation and evaluation with respect to the improvement of life in cities with the use 
of information and communication technologies.

•	 In cooperation with the European Commission we apply preference markets in the 
context of a public consultation where participants are requested to contribute and 
evaluate research directions relevant to the use of information and communication 
technologies for energy efficiency.

•	 In cooperation with the state of Bremen in Germany we use preference markets for a 
public consultation in order to allow citizens to evaluate options and ideas for reforming 
the bible history class at schools.

Interviews with the decisions makers and questionnaires prove the usefulness of preference 
markets.

Last, we propose a new approach to aggregate preferences using markets and employ agents 
instead of human participants. Our agents extract user sentiments and assessments available on 
social media and use them to make informed transactions in the market. Each agent represents 
a ‘social medium’ (such as Twitter), interprets the user generated content and reflects its beliefs 
by trading in the market. The functions of our agents were inspired by the Belief-Desire-
Intentions (BDI) paradigm where an agent is characterized by its beliefs, goals (desires), and 
intentions. An agent will intend to do what it believes and will achieve its goals given its beliefs 
about the world. Our agents build a view (belief) of the world by extracting and interpreting 
social media content, have the goal (desire) of maximizing their financial resources in the 
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market through rational trading and by engaging (intension) in transactions based on the 
acquired information. This follows the processes of human-based IMs where human traders 
receive information signals and, based on their personal assessment of available information, 
buy or sell contracts in order to maximize their portfolios. We successfully apply and validate 
our approach in order to identify the best picture Oscar award winners and hypothesize that the 
chances of a movie to win can be determined by aggregating the preferences of users in online 
communities that discuss movies. A second experiment to identify the 2010 Soccer World Cup 
winner depicts the applicability of our approach in other domains.

The advantages of using computational agents to abstract and model human behaviour in 
IMs are many-fold. Agents do not require incentives and recruitment thus the markets scale up 
fairly easy. Moreover with our approach the breadth and wealth of information introduced into 
the market renders the outcome of the market more reliable.
Keywords: Social Computing, Information Markets, Preference Markets, Collective 
Intelligence, Decision Support Systems, Innovation Management, e-Participation, Social 
Media, Multiagent Systems.
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Chapter 1

Introduction

The growing phenomenon of user-generated content on the Internet is contributing to 
new business models, innovations, greater participation in the use, production and 

dissemination of knowledge, and increased diversity (OECD, 2007). In this “Web 2.0 
era” of services and applications users can collectively contribute to a Web presence and 
generate massive content behind their virtual collaboration (Lin, 2007). The research field 
concerned with the intersection of social behaviour and computational systems is termed as 
Social Computing (Wang et al., 2007) and it refers to methods supporting “computations” 
that are carried out by groups of people. The idea has been popularized by the bestselling 
book “The Wisdom of Crowds” (Surowiecki, 2004) that presents examples of situations 
where groups of people outperform single experts. 

This type of emerging ‘collective intelligence’ has received various definitions. Malone 
and Klein (2007) define collective intelligence as the synergistic and cumulative channelling 
of the vast human and technical resources now available on the Internet. Kapetanios (2008) 
introduces this paradigm as “human–computer systems in which machines enable the 
collection and harvesting of large amounts of human-generated knowledge, while enabling 
emergent knowledge, i.e. computation and inference over the collected information, leading 
to answers, discoveries, or other results that are not found in the human contributions”.

Information markets (IMs), also known as prediction markets, decision markets, idea 
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futures, event derivatives, or virtual markets, constitute a typical example where social 
interactions through electronic market applications produce actionable information. They 
are based on the virtues of moral capitalism: power does not fully reside in one central 
location, and many of the important decisions are made by decentralized individuals based 
on their own local and specific knowledge rather than by an omniscient or planner. In 
more details, IMs are speculative markets, the purpose of which is to collect and aggregate 
information in the price of contracts representing different outcomes of future events 
(Spann & Skiera, 2009; Chan et al., 2002; Chen & Plott, 2002). Contract prices hinge on the 
probability of an event occurring or not. Individuals influence these prices by buying and 
selling contract shares based on their estimation of the outcome. At the end of the dealing 
period, individuals are paid off based on the accuracy of their forecasts. 

The use of market prices to derive actionable information was already quite popular 
in the late 19th century. In analysing historical markets that were operated for betting on 
the 15 U.S. presidential elections from 1884 and 1940, Rhode and Koleman (2004) found 
that these markets “did a remarkable job forecasting elections in an era before scientific 
polling”. Interest in IMs has increased in the recent years and was initiated in 1988 by the 
Iowa Electronic Markets (IEM) launched to forecast the outcome of the U.S. presidential 
elections and initial applications indicate that they provide good forecasting instruments 
in many settings, such as elections, the box office, or product sales. This fact has raised 
significant academic interest as well (Tziralis & Tatsiopoulos, 2007). Furthermore since 
2007 the academic Journal of Prediction Markets has been published. IMs forecasting 
results have become appealing to practitioners as a decision support tool due to their 
success. Numerous reports of companies and organizations experimenting with IMs exist, 
such as Microsoft, Yahoo, Intel, Eli Lilly, Nokia or Siemens (Cherry, 2007). 

1.1 Scope of this Thesis

Recent developments in IMs design have allowed them to be used as ‘preference markets’ 
for aggregating the preferences of participants as well as with a focus on events that may 
never occur or have a long time horizon. For example, in decisions among alternate product 
designs, the outcome of the design (i.e. market success or failure) may be known only a long 
time hence, and managers will never know what might have happened had they implemented 
different designs. This thesis focuses on preference markets. Before presenting in more the 
goals of this work, this section outlines what lies beyond the scope of this research.
This thesis does not provide a thorough analysis of questions related to the stream of research 
which is referred as market engineering. Relevant research questions aim to analyse, design, 
implement, and enhance all types of electronic markets in order to establish conditions for 
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efficient markets (Weinhardt et al. 2003). Such questions have received significant attention 
in the field of IMs. In particular, several studies have focused on the design of trading 
mechanisms and incentive schemes.

Researchers have investigated market inefficiencies due to low liquidity in IMs that are 
based on the continuous double auction (CDA) mechanism. They have been reported for 
thin markets in the laboratory (Chen et al., 2004); Rietz, 2005) as well as for large-scale 
markets such as the Iowa Electronic Markets (Forsythe et al., 1999; Oliven & Rietz, 2004) In 
response, automated market maker mechanisms have been developed to provide additional 
liquidity (Hanson, 2003; Pennock, 2004). For an overview and discussion of the several 
market mechanisms see Luckner (2008). Furthermore existing research has analysed the 
relative performance of play-money and real-money markets. Although Servan-Schreiber 
et al. (2004) could not identify differences in accuracy between play-money and real-
money markets for sports events, Rosenbloom and Notz (2006) found real-money markets 
to be more accurate for non-sports events. Luckner (2008) concludes that the impact of real 
money vs. play money on the accuracy of predictions is not completely understood and 
clarified. 

In any case, among others, due to legislation constraints, play-money appears to be 
the most suitable for applications in companies and organizations. One related research 
question refers to the optimal design of incentive schemes and such settings. Towards this 
direction the research work of Luckner and Weinhardt (2007) reports that when traders are 
risk-averse the incentives schemes should be designed as rank-order tournaments.

In addition, this work does not discuss impacts of trader biases. This issue has been 
discussed in the work of Wolfers and Zitzewitz (2004) who identified a favourite longshot-
bias. They conclude that traders overestimate longshots (i.e. extremely unlikely events) 
and underestimate favourites. Furthermore, Forsythe et al. (1992) showed that market 
participants trade according to their desires. They analysed political IMs and found that 
participants bought more contracts of the candidate they supported than they sold. Similar 
results are reported by Luckner (2008) for sports IMs, who showed that traders held and 
bought more contracts of the team that represented their nationality. Nonetheless, both 
research works report that the markets provided accurate forecasts despite the traders’ bias. 
This is supported by the marginal trader hypothesis (Forsythe et al., 1992) which postulates 
that not all traders need to be rational. On the contrary only a subset of rational traders, who 
invest more and trade more actively, is sufficient for the market to perform well.
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1.2 Motivation

In today’s fast changing conditions correct as well as timely decisions and proper allocation 
of resources are of paramount importance. Companies and organizations are faced with 
the problem of selecting and pursuing the options that will pay back the most in terms of 
revenues, results or recognition. To address this challenge, advances in social computing 
technologies offer the methods to employ intelligence found in groups, which are often 
proved smarter than the smartest people in them (Surowiecki, 2004). 

Our research assumption is that with properly designed IMs companies and organizations 
can discover, leverage and aggregate the information found in groups in a simple form, 
the market prices. Furthermore with preference markets, information aggregation using 
markets is further extended as participants creativity is expressed through the market. The 
use of IMs should not only make the decision process more effective, but also increase the 
quality of decisions, based on information that is more comprehensive.

Our approach is based on the principle that companies and organizations seek to engage 
stakeholders, harness and align their thinking and set the stage for rapid transformation. 
With this in mind, we believe that IMs are able to support this task without the need for 
information to be quantified through resource-intensive processes. Nevertheless, preference 
markets applications are still limited and a number of research issues have to be explored 
for more robust designs and wider acceptance from companies and organizations. 

1.3 Research Questions 

The goal of this thesis is to explore how IMs facilitate and support social computing processes 
with human and computational agents. In this thesis we address four key questions with 
an aim to 1) design and implement a preference markets information system which will 
support companies and organizations in decision-making, 2) gain understanding on the 
processes that govern participants’ creativity and content generation in preference markets, 
3) quantify the performance of preference markets against alternative approaches in terms 
of the quality and quantity of user generated content and address the remaining need for 
empirical studies that validate their performance 4) enhance preference aggregation using 
markets by leveraging user preferences expressed in text, ratings or web-queries. In more 
details, we formulate our research questions as follows:
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Research question 1: 

 How to engineer an information system implementing preference markets?

A number of platforms implementing the concept of information markets, both 
commercial and non-commercial or educational, has been created in the recent years. The 
majority of existing platforms are implemented as web applications in order to facilitate 
user participation. From a research viewpoint, Soukhoroukova (2005) implements the 
VirtualStockMarket and Gaspoz (2010) studies information system design aspects of a 
prediction market. The already proposed architectures and systems do not consider the 
particularities of preference markets and do not foresee functionalities and processes to 
handle user generated content in the market. Moreover the market mechanisms are tailored 
for predictions of unrealised yet well defined future events. In this thesis we focus on the 
requirements of preference markets and implement a web-based system to address them.

Research question 2: 

 What is the role of facilitator in preference markets?

In preference markets, participants may submit new content into the market in the 
form of futures contracts. The process that controls which submissions become part of 
the market can take various forms. Existing literature reports two approaches. LaComb 
et al. (2007) run a preference market where participants freely submit new content and 
no filtering is applied. Shoukhoroukova et al. (2007) and Ondrus (2007) create a market 
where new content is filtered by the participants using an ‘initial public offering’ approach. 
They introduce a phase during which participants express their interest in newly proposed 
contracts by investing money. Once a contract receives adequate investments, it is introduced 
in the market. Previous work has not formalized the alternative processes that control the 
new content generation in preference markets and has not measured the performance of 
each alternative in terms of quantity and quality of the new content. The research gap is 
addressed in the context of this thesis.

Research question 3: 

 What is the performance of preference markets against alternative approaches?

This research question aims at exploring the performance of preference markets against 
alternative approaches in terms of the quality and quantity of user generated content. The 
performance of markets for forecasting purposes has been extensively studied and proven 
as it will be shown in Chapter 3. Recent work has provided qualitative comparisons of 
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the performance of preference markets against alternative approaches with respect to user 
submissions. Soukhoroukova et al (2007) and LaComb et al. (2007) run preference markets 
within companies and ask managers to qualitatively assess the adequacy of user submitted 
content in terms of quality and quantity, based on their experience with other methods. 
We observe that a formal comparison of preference markets’ performance to alternative 
approaches is lacking from existing literature. In this thesis we address this issue by formally 
comparing preference markets to other approaches.

Research question 4: 

 How can we improve preference aggregation using markets?

Preference markets aim to aggregate dispersed information. Increased user participation 
results to more information reflected in market prices. Nonetheless the environments where 
such markets are deployed, e.g. within corporations, are typically characterized by low user 
participation whereas the task of finding appropriate participants and form an intelligent 
group can be laborious. This is also reflected on reported results which are mixed on this 
topic. Slamca et al. (2009) compare prominent mechanisms used in preference markets to 
calculate final prices and report results similar to traditional prediction markets. The results 
of Shoukhoroukova et al. (2007) and LaComb et al. (2007) show that there is room for 
improvement with respect to the evaluative function of preference markets. In this thesis 
we address the question of how we can improve preference aggregation using markets’ and 
propose an agent-based approach. Software agents process user preferences expressed in 
the form of e.g. comments, reviews and ratings and use them to make informed transactions 
in the market.

1.4 Overview and Structure

This thesis consists of 10 chapters. After the present introduction, Chapter 2 describes 
the broad research field of social computing. Besides presenting the history and relevant 
definitions, the social computing principles are analysed and prominent application domains 
and applications are listed, part of which are IMs. It concludes with an analysis of the 
emergent collective intelligence from social computing applications where the roles of the 
collective and the information aggregation mechanism are outlined.

Chapter 3 delves into the concept of IMs and begins with the theoretical foundations. 
Thereafter the Chapter presents how IMs work, outlines the key design elements and 
summarizes applications and evidence from the existing literature which show their 
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broad scope and performance. Last, the promising characteristics of IMs to improve on 
collective information aggregation and revelation are analysed together with the necessary 
preconditions for their use.

Chapter 4 presents the approach of this thesis. It posits the work conducted in the present 
research on the ‘IMs configurations chart’ and more specifically in the field of preference 
markets. Furthermore it defines the methods of preference aggregation using markets 
and two prominent application domains. In this Chapter the research questions and the 
objectives of this thesis are formulated based on the open research topics identified in 
existing literature. The focus is placed on a) the requirements and implementation of a 
preference markets information system, b) the role of facilitator in preference markets, c) the 
performance of preference markets against alternative approaches and d) the enhancement 
of preference aggregation using markets. The Chapter concludes with an overview of the 
research methodology adopted in this thesis.

Chapter 5 presents a web-based information market called WIM that incorporates 
features to render it a promising solution for the setup of IMs for preference aggregation. It 
begins by describing the user requirements for a preference markets’ software system and 
the corresponding use cases it has to incorporate. Based on that information the functional 
architecture is determined followed by the technical architecture. A system walkthrough 
presents the main functionalities. WIM has been deployed in several laboratory experiments 
where it was evaluated; the results presented in this Chapter show a high level of user 
acceptance of WIM but also indicate areas for improvement.

Chapter 6 introduces the role of facilitator in preference markets and defines market 
facilitation restrictiveness as an extension of existing content and process facilitation 
approaches to the control of suggestions being introduced to the market. The first part of this 
Chapter analyses the effects of market facilitation restrictiveness on the quality and quantity 
of user generated content based on existing theories of creativity. Next, the hypothesized 
effects are empirically validated in three laboratory experiments with students. The Chapter 
concludes with a discussion that highlights the main findings.

Chapter 7 explores the performance of preference markets in innovation processes and 
begins with a theoretical justification which indicates the advantages of markets against 
traditional idea generation and evaluation approaches at the early stages of innovation. 
Two hypotheses are formulated which postulate that preference markets can lead to a 
higher number of ideas of better quality than traditional electronic brainstorming can. The 
hypotheses are tested in a laboratory experiment with students. Moreover this Chapter 
describes two real life preference markets’ applications conducted in the domain of 
innovation with an aim to prove their usefulness. The first was carried out at SAP A.G. in 



Introduction

34

Germany and the second in cooperation with the Laval Living Lab in France. The Chapter 
delineates the problems addressed with preference market, the design of the cases while it 
analyses ex-post evaluation questionnaires and interviews with participants and decision 
markets which reveal the benefits of preference markets and potential improvements.

Chapter 8 examines the performance of preference markets in e-Participation and begins 
with an analysis of the applicability of markets in such settings. Thereafter two real-life 
cases are described, one conducted at the state of Bremen in Germany and another in 
cooperation with the European Commission. The purpose and design aspects, followed by 
the results and a discussion regarding the conclusions drawn are provided per case.

Chapter 9 addresses the problem of enhancing preference aggregation using markets. A 
new approach is introduced where software agents assume the role of human participants. 
The agents take as input user generated content in the form of ratings, text and internet 
queries and build a view of the world by processing the content. Then, the agents make 
informed transactions in an information market with the intention to maximize their wealth. 
After a detailed description of this approach, the Chapter presents an instantiation designed 
to identify the best picture Oscar award winners of the years 2004-2010 by employing user 
preferences expressed in social media. A sensitivity analysis reveals the consistency of the 
results. The Chapter concludes with a discussion depicting the benefits of the approach.

Finally, Chapter 10 summarizes the findings and discusses the contributions of this work. 
Moreover limitations and possible improvements are listed while at the end of the Chapter 
issues for further research are identified.

1.5 Relation to Publications

Most of this research work has been presented to and discussed with fellow scholars at 
international scientific conferences and parts of it have been published in various scientific 
journals. More specifically, to date, this thesis resulted in three (3) journal publications 
and four (4) conference presentations. Two additional papers have been submitted to peer-
reviewed journals. The list of publications can be found at the very last page of this thesis.

The web-based information market which is the focus of Chapter 5 has been presented at 
the 3rd International Conference on Internet and Web Applications and Services in Athens 
(Bothos et al., 2008c). Results from the laboratory experiments reported in Chapter 6 were 
presented at the International Conference on Information Systems, in the 7th Workshop on 
E-Business (WEB) (Bothos et al., 2008a) in Paris and in the IEEE International Engineering 
Management Conference in Estoril Portugal (Bothos et al. 2008b). The approach of agent 
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based information market which is part of Chapter 9 was presented at the 9th International 
Conference on Autonomous Agents and Multiagent Systems in Toronto (Bothos et al. 2010c).

Chapter 5 and parts of Chapter 6 have been published in the journal Internet Research 
(Bothos et al. 2009a). The experimental results of Chapters 6 and 7 as well as parts of the 
real-life cases reported in Chapter 7 have been submitted for publication in the journal 
Expert Systems with Applications (Bothos et al. 2010b). Parts of the cases described in 
Chapters 7 and 8 were published in the International Journal of Sustainable Strategic 
Management (Brachos et al., 2009b) and the work presented in Chapter 8 has been submitted 
for publication in the Journal of E-Governance  (Bothos et al. 2011). Last but not least the 
work of Chapter 9 will appear in the forthcoming special issue on Social Computing by the 
journal IEEE Intelligent Systems (Bothos et al. 2010a).

1.6 Relation to Research Projects

The research conducted in this thesis was partially supported by the European Commission 
through the Information Society Technologies (IST) project Laboranova1 (Collaboration 
environment for strategic innovation, IST-FP6-35262) and by the General Secretariat for 
Research and Technology of the Ministry of Development in Greece through the project 
DERN2 (Digital Enterprise Research Network).

The overall objective of Laboranova was to enable knowledge workers to share, improve 
and evaluate ideas systematically across teams, companies and networks, thereby increasing 
the innovative output of organisations. Innovation, idea generation and evaluation were at 
the heart of the project. Through Laboranova we had the opportunity to cooperate with 
several computer science departments of universities such as the Polytechnic University 
of Catalonia in Spain and the University of Nottingham in the United Kingdom as well as 
business schools like ESADE in Spain and INSEAD in France. Furthermore Laboranova 
provided the means to contact companies and organizations such as SAP A.G., Fiat, the state 
of Bremen in Germany and the European Commission in order to elicit user requirements 
and design real-life IMs applications.

The main objective of DERN was the development of a research network among some of 
the major academic, research and technology institutions and enterprises located in Greece 
by focusing on the use of state of the art Information and Communication Technologies in the 
business organization and management. In the context of DERN we had the opportunity to 
present the research results of this thesis to IT-professionals and receive valuable feedback. 
1  http://www.laboranova.com/
2  http://islab.uom.gr/dern/
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Chapter 2

Social Computing

This Chapter introduces the research area of social computing including its history 
and definition. The principles upon which social computing is based are presented, 

followed by a description of existing applications. The Chapter concludes by outlining 
the conditions required to derive intelligence from the collective with social computing 
applications.

2.1 The Social Web 

In 2004, O’Reilly Media popularised the term ‘Web 2.0’ – also referred to as the ‘social 
web’- which describes a new and potentially disruptive stage in the development of the 
Internet. The concept has since become hugely popular - if not hyped - and has thus created 
as much confusion as consensus about what it really means. The concept originated from 
the observation that the Internet was far from dead after the burst of the dot.com bubble at 
the turn of the 21st century. Although the Internet crisis caused a substantial shakeout of 
Internet firms, it also marked a turning point for the web. A whole new range of successful 
Internet applications burst onto a scene in which on-line social communities with a strong 
bottom-up character play the key role, and where the mobilization (aggregation, syndication) 
of user-generated content is the main function. The nature of these applications gave rise to 
the qualification ‘the social web’. Most remarkable is the exponential growth of this new 
generation of applications, both in terms of the number of applications and the number of 
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users. According to Gantz et al. (2007), in 2006 the amount of content created, captured and 
replicated on the Internet was about 3 million times larger than the information contained 
in all the books ever written. Their prognosis was that this will keep on growing in the 
coming years. In 2010 it is expected that 70% of the content on the Internet will be created 
by individuals (Gantz et al., 2007). Remarkable too is the lightning speed with which the 
trend spread. It took barely three years for ‘social computing’ to grow from a marginal 
community pastime to become the dominant Internet trend it is today.

According to O’Reilly, behind the success of many Web 2.0 applications are smart ways of 
using the web as a platform for data management, particularly by exploiting the connectivity 
and collective intelligence of users. Web 2.0 services exploit connections between users, as 
these connections provide manifold opportunities to create added value. Not only are users 
actively consuming content, they are also taking on distribution roles in peer-to-peer (P2P) 
file sharing, and content creation roles in the case of user-generated content. Users actively 
rate and tag content (a phenomenon known as folksonomy), download content, comment on 
it, and discuss it with their peers. Furthermore, users share agendas, locations, bookmarks, 
documents, photos, videos and even friends, all online and on a large scale. These user 
roles, combined with the scope and speed of the Internet, provide many opportunities to 
design new and innovative services. Thus, it is fair to state that one of the crucial features 
of this second stage of the web is the empowerment of the user (Frissen, 2004).

This shift is resulting in more open and networked business and innovation models, and 
new regulatory frameworks are necessary in order to be able to take a strong position in 
these emerging markets. According to Perez (2002) it takes several decades before the full 
benefits of a technological revolution can be reaped. Not only a high degree of deployment 
of the technology, but particularly ‘societal re-engineering’ and ‘creative institutional 
destruction’ constitute the necessary conditions for a real ‘golden age’ of technological 
development. The disruptive effects of social computing could be interpreted as the first 
signs of the phase of ‘creative institutional destruction’ in the information technology 
revolution.

2.2 History & Definition

The idea of social computing can be traced back to the 1940s in a seminal paper called “As 
We May Think.” which describes a memory and communication device called a memex 
(Bush, 1945). The paper proposed ideas that are now everyday computing terms, including 
groupware and computer-supported collaborative work. In the 1960s emerged methods 
for computer-aided group collaboration (Licklider, 2007) and the first hypermedia online 
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system called oNLine System was created by Douglas Engelbart (see http://sloan.stanford.
edu/mousesite/1968Demo.html). The first collaborative software, EIES (Electronic 
Information Exchange System), was implemented in the 1970s, and groupware appeared in 
the 1980s (see www.lifewithalacrity.com/2004/10/tracing_the_evo.html).

Nowadays a vast number of applications and services that facilitate collective action and 
social interaction online with rich exchange of multimedia information and evolution of 
aggregate knowledge dominate the Web. These are variously referred to under terms such 
as Web 2.0, online communities and social computing. Examples include blogs, wikis, 
social bookmarking, peer-to-peer networks, open source communities, photo and video 
sharing communities, and online business networks. 

Due to the wide availability of internet connectivity and more powerful personal 
computers, social computing has started growing phenomenally. Social computing 
represents the next step in the evolution of the Web, with great potential for social and 
business impact. Currently, much of the business interest in social online networks is in the 
fields of content distribution and advertising; however, the potential impact and opportunities 
for businesses extend far beyond that. Social computing empowers individual users with 
relatively low technological sophistication in using the Web to manifest their creativity, 
engage in social interaction, contribute their expertise, share content, collectively build new 
tools, disseminate information and assimilate collective bargaining power. 

Lightweight computational tools that can be ‘mashed up’ and open source software allows 
blue ocean innovation that can launch new business models. Communities formed around 
specific products can hold a wealth of finely segmented demand information. Further, social 
computing impacts society itself, in various domains: in politics, debates on social issues, 
globalization, media and censorship, and may be leveraged gainfully. 

Social computing is a cross-disciplinary research and application field with theoretical 
underpinnings including both computational and social sciences (see Figure 2-1) (Wang 
et al., 2007). From a research viewpoint, social computing is a multi-disciplinary program 
that focuses on human, cultural, and behavioural aspects. It brings together experts from 
various disciplines like: anthropology, cognitive science, computer science, economics, 
linguistics, mathematics, neuroscience, political science, psychology, sociology, statistics, 
and even theology.
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Figure 2-1: The theoretical underpinnings, infrastructure, and applications of social com-
puting described by Wang et al. (2007).

Social computing supports social interaction and communication, by relying on 
communication technologies, human-computer interaction, sociological, psychological, 
economic, and anthropological theories; and social network analysis (Wasserman, 1994). 
The term has emphasized technology development for society on one hand and incorporating 
social theories and practices into Information and Communications Technologies (ICT) 
development on the other based on the premised of social informatics studies which have 
revealed that ICT and society influence each other (Kling, 1999). From an information-
processing perspective, social computing’s technological infrastructure encompasses Web, 
database, multimedia, wireless, agent, and software engineering technologies. From a 
methodological viewpoint, incorporating social theories into technology development often 
poses the additional requirement of constructing artificial societies using agent modelling 
techniques, according to specific rules and through the interaction of autonomous agents in 
the environment (Wang et al., 2003). In the recent years, the scope of social computing has 
expanded tremendously and various definitions have been proposed as shown in Table 2-1.

Table 2-1: Prominent definitions of social computing.

Source Definition
Schuler (1994) Describing any type of computing 

application in which software serves as 
an intermediary or a focus for a social 
relation.
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Wikipedia (http://wikipedia.org/wiki/Social_
computing, as of December 2010)

Referring to the use of social software, 
a growing trend in ICT usage of tools 
that support social interaction and 
communication.

Charron et al. (2008) A social structure in which technology 
puts power in individuals and 
communities, not institutions.

Wang et al. (2007) Computational facilitation of social 
studies and human social dynamics 
as well as the design and use of ICT 
technologies that consider social 
context.

Knol et al. (2009) Social Computing refers to a 
development where technologies enable 
empowerment of individuals, or groups 
of individuals, to express themselves in 
a more natural way, leading to easier 
creation, enriching, and finding of 
content.

2.3 Social Computing Principles

A set of nine principles have been identified as the main characteristics of social computing 
by  Kormaris and Spruit (2010) as follows: Open Platform, Lightweight Models, Enabling 
Services, Intuitive Usability, Long Tail, which are more Technology oriented and Unbounded 
Collaboration, Collective Intelligence, Network Effect and User Generated Content, which 
are more Socially oriented. 

2.3.1 Technology oriented

Open Platform. This principle dictates that Web 2.0 services provide users the possibility 
to access information they desire with their browser and puts an emphasis on synergy 
between different devices and applications that are connected to the Internet. At the same 
time it does not imply the replacement of desktop computers and classic operating systems 
but promotes compatibility and collaboration, towards a more social web.

Lightweight Models. When talking about lightweight models, we this of flexible and 
agile ways of developing a product, thus being able to update, change and reuse much 
faster than the classic development methods. This is common for a web based service, “…
it requires an agile business model, which can handle such a fast update rate…” and it also 



Social Computing

42

helps to reduce the costs in organisational change, a process that is expensive in terms of 
energy usage as well as investments.

Enabling Services. What enabling services define is the differentiation of online services 
that follow the model of SaaS - Software as a Service, a model used extensively, by services 
such as the applications by Google e.g. Gmail and Google Docs. What is considered crucial 
for these services is to be characterized by flexibility, openness, scalability and re-usability. 
These characteristics enable the creation of mashups, faster updating, online management 
of data and lower transaction costs.

Intuitive Usability. The meaning of this principle is quite clear, but this does not mean 
that it is simple to implement; Usability is key when it comes to interfaces, which is a 
main element of all web services. Consequently, interfaces must be easy and simple for 
all types of users, according to the walk up ‘n’ use mentality, but at the same time to offer 
expert users more options to personalize their side of the service according to their liking. 
For example, Macromedia introduced the term of Rich Internet Applications, but things 
became even more usable when AJAX was introduced, exploiting the graphic environment 
offered by JavaScript.

2.3.2 Socially oriented

Long Tail. The basis of this principle is the 80-20 Pareto distribution, meaning that 
services should aim at both sides of the market; the 20% of customers that generate large 
profit, as well as the 80% of customers that generate small profit, but are by far larger in 
number. To achieve this, services must attract users of all orientations, having Amazon as 
an example which manages to gain a lot of profit from this group of customers, by offering 
niche products, exclusively from their online store.

Unbounded Collaboration. Social computing is all about collaboration and 
communication, between users and between services. This can be achieved, by giving 
developers the ability to create mashups, through the Open Platform principle, for example 
by using Open APIs (as described in 2.2 Web 2.0 Technologies). Additionally, users 
meet, interact and communicate in online communities. User contributions within these 
communities, add value to these services or to the organizations that have created the 
service.

Collective Intelligence. When talking about Social Computing and Unbounded 
Collaboration of users, then we also have to take into consideration the knowledge, which 
is created by these communities, whether they work in groups or individually. The main 
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issue for this principle is trust amongst users, since this decentralization of the web suffers 
from lack of control. Web services that want to harness the vast amounts of information 
generated by all these users, it is important attract as many as possible to contribute, since 
the 1% rule applies in these communities.

Network Effects. This principle describes the interaction between users and services, 
but this relation works both ways; users contribute to make services richer in content, 
by sharing their knowledge and services attract users, by offering more options and by 
adjusting their content to every user’s preferences and history. Due to the limited number 
of users that actually spend time and effort to contribute to an application, attracting users 
is an on going race, where the rule of first-mover-wins does not apply, since we constantly 
encounter new services that make competition harder.

User Generated Content. Social Computing contains all of the previously mentioned 
principles and technologies, but in its core, data is the main driver of social computing and 
the owner of the data is key. Managing all this data is a difficult task, since there are many 
issues regarding this matter; authorship, privacy and security. How content is used and 
protected by service providers is a major issue and often influences how popular a service 
is.

2.4 Social Computing Applications

Social computing applications are driven by the needs to develop better social software 
to facilitate interaction and communication among groups of people (or between people 
and computing devices), computerize aspects of human society, and forecast the effects 
of changing technologies and policies on social and cultural behaviour. Computing is 
moving to a more network-centric, and less of a desktop-bound stage. It transforms the 
way individuals process and interact with information, rendering a much more dynamic 
and mobile information domain centred on individual participants who interact with it 
through a wide variety of devices. Table 2-2 presents the traits of social computing systems 
compared to traditional approaches according to Parameswaran & Whinston (2007).

Table 2-2: Traits of Social Computing as Systems/ Communities

Attribute Traditional Social Computing
Organization Mostly Centralized Mostly Decentralized
State Less dynamic Highly dynamic
Membership Relatively Static Highly transient
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Structure Well defined Minimal, loosely 
defined

Scope Organization Fluid boundaries, 
overlaps with other 
stake holders 

Preference information Limited content Rich content, enhanced 
by dissemination 
structures and peer 
influence mechanisms

User identity Limited mobility Highly mobile
Scalability Limited Very high

Wang et al. (2007) describe four main application areas for social computing. One 
application refers to the creation of Web 2.0 collaborative services and tools (for example, 
blogs, wikis, social networks, RSS, collaborative filtering, and bookmarking) which 
support effective online communication for social communities. Another application is 
entertainment software, which focuses on building intelligent entities (programs, agents, or 
robots) that can interact with human users. Both applications emphasize the technology side 
and use social theories as guidelines for designing and framing computational systems. A 
third application area is the business and public sector, which includes various e-business, 
healthcare, economic, political, and digital government systems, as well as artificial 
engineering systems in domains of significant societal impact. A fourth application area 
is forecasting, which includes a variety of predictive systems for planning, evaluation, 
and training in areas ranging from counter terrorism to market analysis to pandemic and 
disaster response planning.

2.4.1 Computer-supported online communities

One driving force of social computing is the desire to create advanced computational 
infrastructures to support collaborative work and online communities and to invent 
new types of social media for communication. Prominent mechanisms include content 
communities, collaborative tagging and folksonomies, social networks and IMs also known 
as prediction markets (Yuan et al., 2008; Gartner, 2006). Content communities refer to 
online communities created for publishing and sharing media contents like YouTube and 
del.icio.us. Collaborative tagging is the practice of allowing anyone – especially consumers 
– to freely attach keywords or tags to content which results to the collective categorization 
or indexing of the underlying content (Golder and Huberman, 2005). Social networks in the 
Web 2.0 context refer to on-line communities which begun with Friendster, and continued 
to more recent systems including MySpace and Facebook. IMs rest on the concept of 
bringing a group of participants together via the Internet and allowing to trade shares of 
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virtual stocks (Spann and Skiera, 2003). 

Social computing and online communities are changing the fundamental way people share 
information and communicate. They are profoundly affecting the global economy, social 
interaction, and every aspect of our lives. According to a Forrester Research report (Charron 
et al., 2006), individuals increasingly influenced from one another and communities rather 
than from institutional sources such as corporations. As such, communities are increasingly 
driving innovation from the bottom up, and the ownership of experience, economic value, 
and authority is starting to shift from institutions to communities. An indicative example 
is open-source software development. Social computing software has been developed to 
support online community-based system development, bug fixing, dissemination, and 
feedback collection. This shift of computing style also raises lots of social science and 
design questions, such as the criteria for measuring online communities’ success; the 
relationships between software, social groups, and individuals; privacy versus publicity; 
and so on. Meanwhile, the progress of online community tools such as social networks can 
help other research fields in measuring basic human social characteristics, such as trust and 
social influence. 

2.4.2 Intelligent entities in interactive entertainment

It’s always desirable to design interactive systems that can socially interact with users. This 
is particularly true in interactive entertainment applications such as gaming, storytelling, 
and edutainment. For example, when designing computer role-playing games involving 
multiple characters, it’s crucial to construct convincing social (non-player) characters 
who can respond properly to environmental changes and to other characters’ behaviour. 
In recent years, adopting game-like approaches for developing educational and training 
software (so-called serious games) has become increasingly popular. In entertainment 
software and its business-driven applications, characters’ lack of human-like intelligence 
is the biggest obstacle to creating engaging gaming experiences. The key challenge here 
is the computational modelling of characters’ social intelligence on the basis of social 
and psychological theories. Several virtual training projects at the University of Southern 
California—for example, Mission Rehearsal Exercises20 and Tactical Language Training 
(www.tacticallanguage.com/tacticaliraqi)—have implemented social learning environments 
with embodied conversational agents for practicing leadership skills, foreign language, and 
culture in rich social interactions. One popular form of entertainment software is multiplayer 
online games, which combine interactive entertainment and online communities. The Sims 
2 (http://thesims2.ea.com), for instance, has fully visualized virtual worlds to model a 
massive online community. Another popular game, America’s Army, provides an online 
3D training simulator for millions of registered players (www.americasarmy.com). 



Social Computing

46

2.4.3 Business and public sector applications and forecasting systems

Ideas and specific technologies from social computing have recently found applications in 
business and the public sector. In the business environment, these applications’ emergence 
and growth have largely mirrored those of online communities. One such application is 
‘socially enhanced’ recommender systems, which automate the process of suggesting 
products, services, and information to potential consumers. Major e-tailers such as Amazon.
com and Netflix have adopted these systems, which have been acknowledged to help increase 
online and catalogue sales and improve customer loyalty. One of the most commonly used 
successful recommendation approaches is collaborative filtering, which uses consumer-
product interaction data in the form of historical sales transaction data to predict future 
sales (Huang et al., 2007). As another example of social computing business applications, 
many e-commerce Web sites have adopted online product/vendor feedback/reputation 
systems. Such systems provide an asynchronous platform for the consumer community to 
share experiences collectively and influence their purchasing behaviour. They also provide 
a vehicle for eliciting feedback information valuable to the vendors and e-commerce site 
operators. In the public sector, many digital government applications can be characterized 
as social computing applications with varying degrees of sophistication. For instance, in the 
domain of homeland and national security (Chen and Wang, 2005), social network analysis 
techniques have been widely applied to analyse organizations ranging from terrorist groups, 
parties communicating through some means under surveillance, criminal organizations, 
and resources for fighting crime and terrorist acts. In addition, the methodology of artificial 
societies and computational experiments is also being applied to study evolutionary group 
behaviour. In other domains such as public health, public opinion and political discourse, 
and public transportation, which involve communities and interactions among them, 
the social computing framework has provided both a system design methodology and 
guidelines for specific system functions and how people and the community interact with 
the system and among themselves. An indicative example is the Climate Collaboratorium, 
a social computing platform developed by Malone & Klein (2007) with an aim to develop 
a new class of web-mediated discussion and decision making forum to address climate 
change and global warming problems. In still other domains, such as health policy and state 
intervention, social computing applications support decision making by enabling the policy 
maker to perform a series of what-if analyses. 

2.5 Social Computing and Collective Intelligence

Social computing applications with an aim to aggregate scattered bits of information is the 
focus of this thesis. Such applications attempt to tap the intelligence residing in the collective. 
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Three important terms are 1) the collective 2) the information aggregation mechanism and 
3) the separation of smart and dump crowds. The following sections discuss in more details 
the aforementioned terms as they will be used widely throughout the rest of this thesis.

2.5.1 The Collective

The typical process of problem solving involves an expert who applies his/her knowledge 
to generate a solution. Recent observations have pointed out that a collective approach to 
problem solving can yield better or at least similar results compared to those provided by 
individual experts. The key term is ‘collective intelligence’ and is used to denote that the 
collective itself is considered the expert.

The collective can be thought of as a ‘meta-individual’ who possesses, generates, and 
acts on knowledge in much the same way an expert does, thus collective intelligence uses 
the knowledge held by a group of individuals acting on the meta-level. The group-based 
knowledge can be considered an expert. Like an expert, a collective has more knowledge 
than other individuals. The following model adapted from (Watkins, 2007) shows how 
diversity in local knowledge generates new knowledge. Suppose that nine participants 
have knowledge in only three categories. Further, consider that the answer to a particular 
question, such as “Will candidate X be the next president?”, will be dependent only on 
the number of ones compared to the number of zeros in the 11 relevant categories. The 
ones represent a universally accepted desirable trait in a class president and the zeroes, 
a universally undesirable trait. The participants’ estimates and collective decision is 
summarized in Table 2-3. 

Table 2-3: Example of how the aggregation of local information generates the correct 
solution to a problem.

These nine participants are diverse in the local knowledge they possess, while being 



Social Computing

48

homogenous in terms of how they interpret each column. Each considers the three categories 
of which they have information and simply chooses the majority (ones or zeros) for their 
outcome. Participants are not aware of the information other participants have, thus no one 
is able simply to count the total number of ones and zeroes. However, when their judgments 
are aggregated, their collective decision accurately reflected Jay’s presidential status. If 
everyone were like Adam and Bob, party to only the information in the first four categories, 
the entire group would incorrectly declare the wrong outcome. They would see more zeroes 
and consider Jay a poor choice when actually Jay has more desirable traits than undesirable 
ones. Also notice that three of the nine participants voted incorrectly (Adam, Bob and Fred) 
and that five of the nine people (Cam, Dan, Evan, George and Harry) were 66% sure of the 
correct outcome (correct in 2 out of 3 categories). This demonstrates that even inaccurate 
diverse opinions helpfully contribute to the generation of collective intelligence. In this 
example intelligence is generated because local knowledge in sum covers the complete set 
of information necessary to solve a problem. 

2.5.2 The Information Aggregation Mechanism

A collective without an aggregator is no more powerful than the individuals that compose 
it. An aggregation mechanism serves two purposes in eliciting collective intelligence 1) it 
draws out the pertinent information of each individual in the collective and 2) it combines 
that information in such a way as to make it useful. Examples of web-based aggregation 
mechanisms include recommender systems based on collaborative filtering, voting systems, 
folksonomies and information markets. Recommender systems based on collaborative 
filtering draw on user behaviour, whether implicit or explicitly generated, as a means of 
recommending potentially interesting artefacts to users in the system. The behaviours of 
the members of the collective are compared such that similar individuals are recommended 
artefacts that have not yet accessed (Herlocker et. al. 2004). Voting systems are used by 
democracies to determine collective opinion. Folksonomies allow users to label, or tag, 
artefacts with descriptive metadata such that the aggregate of all tags creates a collectively 
designed index, or folksonomy (Mathes, 2004). Information markets draw out and combine 
information pertinent to predictions. Prediction is essentially a process of knowledge 
generation. From a multitude of facts, new inferences can be made. For example, from 
information about air temperature, humidity, and barometric pressure the weather can be 
forecasted. Participants in a market are individually good predictors. IMs draw out these 
good predictions and combine them to generate accurate solutions. An information market 
constitutes an ideal aggregation mechanism for the generation of collective intelligence 
because it is decentralized to handle complex problems (Watkins, 2007). 
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2.5.3 Smart and Dumb Crowds

Collective intelligence is founded on the belief that people are not flawless decision makers. 
Humans are limited by “bounded rationality” and  “experience limits in formulating and 
solving complex problems and in processing (receiving, storing, retrieving, transmitting) 
information” (Williamson, 1981). A human being is a good, but not ideal, complex problem-
solver. Collective intelligence utilizes a better one, namely the unit of participants. Individuals 
lack pertinent information, and we can assume that different people miss different bits of 
relevant information. Therefore, a collection of people will have more knowledge than any 
one single person, even the most expert. One manner in which we typically solve complex 
problems is to convene a group of people with experience and knowledge in a subject and 
allow them to develop a solution together. However, much is dependent on finding the 
appropriate people to compose this committee and on creating an environment in which 
they feel they can express what they truly believe. The Condorcet Jury Theorem shows 
that this degree of knowledge must leave the participant 51% or more likely to be correct 
(Berend et al., 1998). 
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Chapter 3

Information Markets 

Consciously or subconsciously, there is a well-established mechanism for information 
aggregation in our society: the price system of a market (Graefe, 2009). People (or 

speculators) keep buying and selling commodities in order to make profits. If a speculator 
knows that the price for a certain commodity will go up, he would buy today and sell 
tomorrow at a higher price. Vice versa, if he knows that the price will go down, he would 
sell today and buy tomorrow at a lower price. In both situations, he would have made a 
profit. To figure out where the price will go, speculators look for information or patterns 
that predict price movements. Then, they reveal this information to the market through the 
process of trading. In doing so, speculators make the pattern go away as the information 
will be incorporated in the market price. For example, assume one finds that the price for a 
commodity generally increases on Tuesdays. Then, one would buy on Mondays and sell on 
Wednesdays. As a result, the price won’t go up on Tuesdays as much anymore. The more 
speculators compete in looking for information or patterns that predict price movements, 
the harder it becomes to find information that is not yet embodied in the market price. 
Information markets (IMs) are specifically designed to aggregate dispersed information 
from people. In this Chapter we describe the economic theories upon which IMs rely 
and explain how they operate. Then we analyse the key design elements and present 
existing applications that provide evidence of their useful properties. We continue with 
the main benefits of using markets for information aggregation, a discussion of necessary 
participants’ characteristics and manipulation issues that can be observed. We conclude by 
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listing necessary preconditions for their deployment.

 

3.1 Rational expectations and the Efficient Market 
Hypothesis

The ability of open markets to efficiently and effectively facilitate the aggregation and 
transmission of information through prices was first suggested by Hayek (1945) in his article 
The Use of Knowledge in Society. According to Hayek, in a system where the knowledge 
of the relevant facts is dispersed among many people, prices can act to coordinate the 
separate actions of different people in the same way as subjective values help the individual 
to coordinate the parts of his plan.

Assuming that somewhere in the world a new opportunity for the use of a new commodity 
emerges a chain reaction occurs and people who know directly of the new demand switch 
resources over to it. The effect rapidly spreads throughout the whole economic system and 
influences not only all the uses of the new commodity but also those of its substitutes and 
the substitutes of these substitutes, the supply of all the things made of the new commodity, 
and so on. Hayek observes that the market and the aggregation of information in the prices 
brings about a decentralized solution which might have been arrived at by one single mind 
possessing all the information which is in fact dispersed among all the people involved in 
the process. This means that market prices tend to incorporate all the available information. 

Market information efficiency is closely related to the theory of ‘rational expectations’ 
analysed by Muth (1961) and Lucas (1978). The theory asserts that although economic 
agents’ expectations can be individually wrong, they are correct on average. In a broader 
sense this means that although the future is not fully predictable, agents’ expectations are 
identical to the best guess of the future (the optimal forecast) and incorporate all available 
information. Rational expectations do not differ systematically or predictably from 
equilibrium results and deviations from perfect foresight are only random. 

The theory is based on the assumption that economic agents forecast in such a way as 
to minimize forecast errors, subject to the information and decision-making constraints 
they confront. Forecast errors exist but have no serial correlation or systematic component. 
Under the constraint that agents have an almost perfect knowledge of the structure of the 
economy, rational expectations regarding a future variable πt+1 can be defined as:

 [ ] ][| 111 +++ == ttt
e
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where E is the statistical expectation of πt+1, which may be based on both past observations 
of πt, current observations of other relevant data and information about the structure of the 
economy. The theory becomes controversial under these strong assumptions since perfect 
knowledge is not the common case.

The idea that speculative markets perform well in aggregating dispersed information was 
studied as the ‘efficient markets hypothesis’. This concept claims that such aggregation is 
‘perfect’ in the sense that the prices ‘fully reflect all available information at any time’. 
The efficient markets hypothesis, formulated by Fama in 1965, is based on the rational 
expectations theory and states that an efficient market continuously reflects all available 
information about future events into security prices. The implication is that security prices 
reflect their true expected value and no additional available information can be combined 
with efficient market prices to improve the market’s forecast accuracy. If a security’s 
price does not reflect all the information about it, then there exist “unexploited profit 
opportunities”; someone can buy (or sell) the security to make a profit, thus driving the 
price toward equilibrium. This means that the expected return conditional on the available 
information is fully utilized to determine the equilibrium prices as follows:

 jtttjttj prEpE )]|~(1[)|~( 1,1, Φ+=Φ ++
(2) 

where Φt is a general symbol for the information available at time t, E is the expected value 
operator,  p~ , p  denote the price and the expected price respectively and  r~  denotes the 
expected percentage return over the period t and t+1.

3.2 Definition

There are many definitions and terminologies for Information Markets (IMs). The most 
common are Idea Futures markets (IF), prediction markets (PM), virtual stock markets 
(VSM), securities trading of concepts markets (STOC), decision markets and collective 
forecasting markets. Hanson, one of the inventors of this concept wrote:

“Information markets can be used to elicit a collective estimate of the expected value 
or probability of a random variable, reflecting information dispersed across an entire 
population of traders. The market prediction is not usually an average or median of 
individual opinions, but is a complex summarization reflecting the game-theoretic interplay 
of traders as they obtain and leverage information, and as they react to the actions of 
others obtaining and leveraging their own information.”

IMs utilize the price system of the market not for speculation but for the primary 
purpose of aggregating dispersed information from people. Thereby IMs incorporate 
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human judgment and translate it into a numerical estimate. The price system of the market 
aggregates qualitative information or “knowledge of the kind which by its nature cannot 
enter into statistics” (Hayek 1945).

The idea of IMs is to set up a futures contract whose payoff depends on the outcome of 
an uncertain future event. This contract, which can be interpreted as a bet on the outcome 
of the underlying future event, can then be traded by participants. As soon as the outcome 
is known, participants are paid off in exchange for the contracts they hold.

Figure 3-1: An example of Information Markets operation (adopted from Graefe et al. 
2009).

Figure 3-1, adopted from Graefe et al. (2009) shows an example of how IMs work. This 
market aims at predicting whether the development of a new product will be finished by 
June 2010. The contract ‘later than June 2010’ pays off $100 if the product will eventually 
be finished later than June 2010; otherwise the pay-off is $0. This way the contract price 
can be interpreted as the probability of not meeting the project deadline in June 2010. If a 
participant believes with a probability of about 70% that the project deadline will not be 
met, she should be willing to buy (sell) these contracts for any price less (more) than $70. 
Thus she will become active if the current forecast differs from her individual assessment. 
Assume that the participant bought 20 shares of this contract (at a price of $45) and assume 
that the project was actually finished in July 2010. In this case, the participant would have 
made a profit of $1,100. 
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3.3 From Beliefs to Market Prices

Most of the research on how IMs aggregate beliefs for a future event has been based on 
the Marginal Trader Hypothesis Forsythe et al. (1992) which asserts that a small pool of 
knowledgeable traders who act without bias influence the prices by buying and selling near 
the equilibrium price. Such marginal traders are arbitrageurs and engage in transactions to 
make profit from biased traders when prices are above or below their beliefs.

In the most common IM settings, beliefs are reflected in market prices as probabilities 
of the realization of a future event. As such prices are bounded in the space of [0,1] 
which differentiates IMs from common stock markets, where securities can potentially 
be traded at any price. In order to provide a theoretical model of how beliefs are reflected 
in market prices, consider a simple market with binary contracts, that is, contracts which 
pay 1 monetary unit if some future event occurs and 0 otherwise (Wolfers and Zitzewitz, 
2006). The set of participants is denoted by K and each participant has a belief of the event 
occurring bi. Each participant holds an amount of money denoted by his wealth level wi and 
trades such that they maximize their expected utility. 

In this model when deciding how many contracts, xi, to buy at a price p, a marginal trader 
has to maximize his expected return and given the utility function U as a function of wealth 
he has to solve the following problem:

 } p) x-(w  U) b-(1+) p)-(1 x+(w  Umax{b=Z iiiiiiii (3) 

Using a log utility function the above problem can be formulated as:

 p)} x-)ln(wb-(1+) p)-(1 x+ln(w max{b =Z iiiiii (4) 

Where bi, wi, and p are constant when the marginal trader calculates the amount of contracts 
to buy. In order to find the maximum of function Z, we consider the first derivative as 
follows:
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Setting (5) equal to zero and solving for xi provides the solution for the stationary point.
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Solving for xi yields:
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The sign of second derivative of Z shows that the above solution is a maximal extremum:
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And since bi is in the space of [0,1] Z’’ >= 0.

Based on (11), the demand for futures contracts depends on traders’ beliefs as follows:

•	 Positive demand exists when participants believe that the event is more likely 
to occur than its current price (bi > p). This means that there are requests to buy 
contracts.

•	 Negative demand exists when participants believe that the event is less likely 
to occur than its current price (bi < p). This means that there are requests to sell 
contracts.

•	 Zero when prices equal beliefs (bi = p).

While many authors in the field cite the theory of marginal traders as explanation for 
the efficient information aggregation in IMs few have raised doubts and have sought 
to address this issue with further research and empirical evidence. For instance, other 
authors (Bruggelambert 2004; Beckmann & Werding 1996) conducted analysis of data 
from several German political stock markets using the framework of Forsythe et al. (1992) 
but found no evidence for the superior rationality of marginal traders. Marginal traders in 
these markets did not systematically purchase shares of true favourites but preferred to buy 
share of candidates for which showed a preference as well regardless of their true winning 
chances. Surowiecki (2004) stimulated a controversial debate by opposing the marginal 
trader theory. According to his words:

“The idea of the ‘marginal investor’ … is an intuitively appealing concept, because it 
allows us to retain our faith that a few smart people have the right answers while still 
allowing the market to work. But it’s a myth. There’s no marginal investor in the sense of a 
single investor (or a small group of investors) who determines the prices that all investors 
buy and sell at. No trader … has enough capital to outweigh the aggregated buying and 
selling power of all the other investors.”
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3.4 Key Design Elements

3.4.1 Contracts

Contracts in IMs take various names in the relevant bibliography: asset, security, contingent 
claim, derivative (future, option), stock, prediction market, information market, gamble, 
bet, wager and lottery – the one we will use for the rest of the thesis is ‘futures contracts’. 

The design of futures contracts payoff and the question asked to participants can provide 
insight on various probability metrics. The most common contract, referred as ‘winner-take-
all’, pays a fixed amount if an event, such as the election of a particular politician, occurs 
and nothing otherwise. The price at any given time (divided by the size of the fixed payoff) 
reflects the market’s perceived probability of the event occurring. Thus, for example, if we 
observe a contract that pays one monetary unit if candidate X wins to be trading for 0.57, 
one can infer that the market’s assessment regarding the probability of this event is 57%.

If the payoff of the contract is linked to a continuous variable e.g. a candidate’s vote 
share the market estimates the expected value of that variable and the contract is referred 
as ‘index’ contract. An example of this setting would be the contract to pay the candidate’s 
vote share. If the price of the contract is valued at 0.57, the market expects the candidate 
will receive 57% of the popular vote.

Another type of contract can be designed such that traders are asked to take a position 
on whether a candidate will receive a particular vote share. If contracts pay twice as much 
as they cost, then the spread that equalizes the amount of money on either side reflects the 
median of the uncertain variable, as each side must win half the time. For example, if a 
contract costs 1 monetary unit and pays 2 if candidate’s vote share exceeds 57% (and there 
is equal money on each side of the wager) then the median of the market’s distribution of 
beliefs about the vote share is 57%.

 It is interesting to note that variants of these contracts, can provide higher order moments 
(Wolfers & Zitzewitz, 2004). For example, an index contract on the vote share of a candidate, 
squared (y2) yields the markets expectation of this variable (E[y2]). When coupled with an 
index contract on the vote share itself (y) we can infer the variance of the distribution of 
the market’s belief of a candidate’s vote share by calculating the price difference: E[y2] − 
E[y]2. A set of index contracts designed to elicit the 48, 49, 50, 51, etc, percentile of the 
distribution, can provide the entire probability distribution of the market’s belief. 
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3.4.2 Trading Mechanisms

Like stock markets, IMs make use of a trading mechanism to allow transactions of the 
futures contracts. The main purpose of the mechanism is to serve traders’ buy or sell 
orders. Although several mechanisms can be used such as call auctions or pari-mutuel 
mechanisms (e.g. the dynamic pari-mutuel (Pennock, 2004)) the majority of IMs make 
use of the following three: 1) Continuous Double Auction (CDA), 2) Market Maker with 
Market Scoring Rules (MM) and 3) a hybrid of the two above mentioned often referred to 
as Continuous Double Auction with Market Maker (CDAwMM). 

3.4.2.1 Continuous Double Auction

The Continuous Double Auction (CDA) mechanism is a process in which market 
participants freely enter limit orders (bid and asks) and accept already submitted orders 
by other participants. The clearing operation is performed continuously as new orders 
arrive. In a CDA buyers enter bids by stating their identity, unit price and quantity. The 
same buyer can subsequently remove her/his order or modify it by raising or lowering the 
price and/or the quantity. Similar rules apply for sellers. They can enter an ask order by 
stating quantity and price which they can modify according to their beliefs in future time. A 
transaction occurs when bids and asks match or cross. If the bid or ask price of a submitted 
order doesn’t match the ask (or bid) price of an existing order, it will be added to a queue 
often referred as the ‘book of orders’. The result of a transaction is an exchange of assets 
(futures contracts in the case of IMs) and money between the two trading parties. The major 
advantage of double auctions compared to other market institutions is that order placements 
occur simultaneously and in a decentralized manner. 

The CDA is particularly unusual from the perspective of auction-theory, since not only 
is truth-telling not dominant in this institution, but allocations are likely to be inefficient if 
all agents place orders truthfully. This is because the clearing operation is performed before 
the auctioneer has a full picture of the supply and demand in the market-place. Because 
clearing occurs as new orders arrive there is no guarantee that the matched orders lead to 
efficient transactions. Nonetheless this mechanism is widely used in major stock exchanges 
and in various commodity and currency markets and laboratory experiments with human 
traders provide results that approximate the equilibrium calculations of economic theory in 
a variety of environments.

3.4.2.2 Market Maker

Although the CDA performs well in settings with a significant number of traders, liquidity 
problems arise when the number of traders is limited. For example informed traders may 
have to wait for a partner to trade and may be discouraged even to enter the market if 
they do not expect to find a trading partner. Such situations can cause the breakdown of 
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the market. Furthermore a trader may not be willing to reveal his desire to trade as this 
discloses his private information and can have negative effects on his profit. The problem 
is described by the no-trade theorems (Milgrom & Stokey, 1982).

In order to overcome these issues several mechanisms with market maker have been 
proposed as a possible remedy. This is because, unlike common prediction and betting 
markets where a large number of people are allowed to participate, it is expected that most 
IMs will operate with a small number of participants. A market maker, which can be a 
human dealer or an automated machine running an algorithm, ensures the market is liquid 
by always having a published price at which he is willing to buy or sell and assumes the 
responsibility of matching any buy or sell order even if a matching order from another 
trader does not exist. 

In real life stock markets, market makers profit by maintaining a spread between the 
prices at which they buy and sell (although the bid and ask prices can be the same); They set 
the price according to their beliefs about the current demand for the asset, and change the 
price as their opinion (or their exposure) changes. A well known example is the “Nasdaq 
market makers” (Barclay et al., 1999).

In IMs automated market makers set the price according to a rule that tells them how 
much to raise (lower) the price when a buy (sell) order is processed. A simple rule would 
be to buy or sell a single contract at the current price, and change the price by a constant 
amount. If the market maker bases its prices on a rule that produces consistent prices whether 
buying or selling, it can sell an unlimited number of shares while limiting its losses. But in 
IMs it is important that the market maker provides proper truth-telling incentives in order 
to urge participants to reveal their true information. The Logarithmic Market Scoring Rules 
originally proposed by Hanson (2002) addresses this issue.

Scoring rules are used to incentivize forecasters in order to reveal their true information 
by maximizing their reward when they report their true beliefs. Suppose we have the 
problem of rewarding e.g. a weather forecaster on the unknown binary event x that rain 
occurs, where x = 0 means that it will not rain whereas x = 1 means that it will rain. 
If r denotes the reported by the forecaster probability and p the forecaster’s true private 
probability, a simple reward scheme could be given by:
 )1)(1( rxxrR −−+= (12) 

The forecaster’s expected reward in this scheme is:

  )1)(1(][ rpprRE −−+= (13) 

This type of expected reward does not provide motivation for the forecaster to report his 
true private probability as 13 has no clear maximum. Choosing a reward function with a 
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logarithmic scoring rule solves this limitation:
  )1ln()1(ln rxrxR −−+= (14) 

Which yields an expected payoff of:

  

r
p

r
pRE

−
−

+=
1
1]'[ (15) 

In this case, the forecaster tries to maximize E[R]. The first derivative of (15) is given by:
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Setting (16) equal to 0 and solving for q provides the critical point at r = p. The second 
derivative gives:
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Which is a negative value provided that 0 < p < 1 and 0 < r < 1. This means that it is for 
the best interest of the forecaster to report his true private probability as he maximizes his 
expected return for r = p.

Hanson (2002) introduces a logarithmic market scoring rule where a market is organized 
with claims of the form “Pays $ 1 if the state is i”. The cost and pricing functions for this 
logarithmic market scoring rule mechanism are computed by Chen et al. (2008). These cost 
and pricing functions allow the mechanism to be implemented as an automated market-
maker where orders will be accepted or rejected based on them. Let’s assume that there 
are S states over which contingent claims are traded. If the vector q ∈ RS represents the 
number of orders on each state that have already been accepted by the market organizer, 
the total cost of all the orders already accepted is calculated via the cost function C(q). A 
trader submits an order characterized by the vector r ∈ RS where ri reflects the number of 
claims over state i that the trader desires. The market organizer will charge the trader C(q 
+ ri) − C(q) for his order. The pricing function is simply the derivative of the cost function 
with respect to one of the states. It represents the instantaneous price for an order over one 
state. The cost and pricing functions for the logarithmic market scoring rule are computed 
as follows (Chen & Pennock, 2007):
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where b is a parameter that must be chosen by the market organizer. It represents the risk 
that the organizer is willing to accept. The greater the value of b, the more orders the 
organizer is likely to accept and more liquidity or depth is added to the market, meaning 
that traders can buy more shares at or near the current price without causing massive price 
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swings (Chen et al., 2008).

3.4.2.3 Continuous Double Auction with Market Maker

In this thesis, a continuous double auction with market maker for all the experiments run 
with human participants is used which works as follows: 

1. The IM operator allocates to each participant an initial amount of play-money L 
along with a number of shares of each futures contract. The IM operator has the 
option to allocate the same number of shares to all participants, or allocate different 
number of shares to each participant to enhance trading opportunities (Chen and 
Plott, 2002). 

2. The IM operator sets an initial quote for all contracts submitted to the IM at 50 
monetary units, thus giving a success probability of 0.5. Quotes are adjusted so that 
they precisely reflect the amount of virtual money invested in each virtual stock. A 
conteact that has not been traded at all has zero value at market closure.

3. Participants cannot borrow play-money to buy stocks and they cannot short stocks.

4. Participants can also place limit orders, e.g. buy/sell a certain number of stocks if 
the price is below/above a certain limit.

5. Participants can cancel orders that have not been executed.

6. The IM will have the capability to accommodate new ideas while it is already in 
session. Each participant receives a number of shares of the new idea.

A transaction takes place when 1) buy and sell orders match with each other, i.e. the price 
that a buyer bids (“bid price”) for a certain stock is at least as high as the price a seller asks 
(“ask price”) for the same stock or 2) the market maker price quote satisfies the user. The 
exact price at which the transaction takes place is set according to the following rules:

1. The price of the first placed order has priority.

2. The market maker sets the transaction price when buyers and sellers do not match 
according to a logarithmic scoring rule.

3.4.3 Clearing Mechanisms

The clearing mechanism refers to how the IM operator should interpret the prices of futures 
contracts that are formed through the trades that occur among the IM users. For markets 
that use well defined future events the interpretation of prices is fairly straightforward 
(in section 3.4.1 we discussed the information which can be extracted from the price of 
contracts according to their design). Nonetheless in preference and idea markets it can be 
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complicated as the future event (such as the adoption of a new idea) may never be realized 
so other methods are needed for the interpretation of market prices.

Let Ti denote the total number of trades on futures contract i and Qj,i denote the volume 
of the jth trade on contract i. Each participant’s portfolio value is computed based on the 
closing prices {P Ti}i, however, closing prices do not necessarily reflect the full information 
about a contract valuation. Therefore, some kind of averaging is expected to produce more 
accurate results. In particular, the measure that is most accepted in financial markets is that 
of Volume Weighted Average Price (VWAP), which takes into account the number of shares 
traded in each trade. It is a commonly used metric for the evaluation of trade executions. 
The theoretical justification for a VWAP benchmark comes from Berkowitz et al. (1988), 
who advocate a weighted average of transaction prices on both sides of the trade as an 
unbiased estimate of the prices facing a non-strategic trader during the day of the trade. 

Using the VWAP, the preferences of IM users are more accurately reflected since not 
only the price but also the volume of a trade conveys information about them. The VWAP 
of contract i is given by:
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Given the VWAP for each contract traded in the IM, the decision maker that is interested 
in selecting the most promising option can use the outcome with the highest VWAPs. Note 
that volume-weighted averaging does not have to be over all trades: In the experiments of 
Chen and Plott (2002), the last 40, 50, or 60 % of the trades were included, all yielding 
similar results. The IM operator should assess the variation of the results when selecting 
different trade percentages. A high variation means that the IM failed to provide trustworthy 
results.

3.5 Applications and Evidence

IMs have operated in various environments with diverse characteristics. Four main types 
of IMs, in terms of the application environment, have been used (Tziralis and Tatsiopoulos, 
2007): academic experiments, betting exchanges, regulated derivative markets and internal 
markets, which are mainly used in corporate environments. In the following, these four 
types are presented in more details accompanied by examples.

A. Information markets for political and economic events
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This type of markets aims to forecast future events relevant to politics and economics. They 
are open to the public and premise wide participation. Typical political events include:

•	 Predictions of election outcomes, e.g. Will Barack Obama be the next president in 
the US?

•	 Prediction of vote shares of different political parties

•	 Prediction of political decisions, e.g. Will the US withdraw troops from Iraq? 
Typical economic events include:

•	 Prediction of the price of a stock at a specific date

•	 Prediction of various macroeconomic variables such as GDP, retail prices, growth 
in payrolls 

Table 3-1 provides a sample of political and economic applications of IMs reported in 
previous work. We observe a variety of events and countries where such markets have been 
deployed. 

Table 3-1: Information Markets for political and economic events.

Prediction Markets for 
Political events

Context References

Iowa Electronic Markets US presidential elections, 
non-US elections (e.g. 
Austria, France, Korea, 
Germany)

Berg et al. (2001), (1996), 
(2003), (2006), Bondarenko 
and Bossaerts (2000), 
Erikson and Wlezien (2006), 
Forsythe et al. (1994), 
Forsythe et al. (1992), 
Forsythe et al. (1999), 
Fowler (2006), Kou and 
Sobel (2004), Oliven and 
Rietz (2004)

UBC election stock market Provincial and federal 
elections in Canada

Antweiler and Ross (1998), 
Forsythe et al. (1995), 
Forsythe et al. (1998)

Swedish EU PSM Swedish 1994 EU 
Referendum

Bohm and Sonnegard (1999)

GEM 90, GEM 91, GEM 
94, GEM 98

Federal and regional 
elections in Germany

Brüggelambert (2004)

Wahlstreet, Wahlboerse State elections in Germany Hansen et al. (2004)
Passauer Wahlbörse Federal elections in 

Germany
Beckmann and Werding 
(1996)
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NP02, TE03 National assembly and 
regional elections in 
Austria

Huber and Hauser (2005)

“Die Presse” Election 
Market

Elections for the national 
assembly in Austria 2002

Filzmaier et al. (2003)

PAM94 European Parliament and 
municipal councils in the 
Netherlands

Jacobsen et al. (2000)

Prediction Markets for 
Economic events

Context References

Economic Derivatives Retail sales, GDP, 
international trade balance, 
growth in payrolls

Gürkaynak and Wolfers

(2006)

Another type of markets that indirectly provide information about the future are financial 
markets for derivatives. Although such markets are not IMs per se, we describe them here 
as in many occasions their quoted prices provide indication regarding the occurrence of 
future events e.g. orange juice futures prices have been shown to be better predictors of 
weather than the weather service’s forecasts (Roll, 1984). These markets can be divided into 
two categories; a) markets for the exchange of traded derivatives – namely standardized 
derivatives contracts (futures and options), such as Chicago Mercantile Exchange, and b) 
markets for market-making or over-the-counter derivatives – namely tailor-made derivatives 
(swaps, forward rate agreements, forward contracts, credit derivatives, etc). The purpose is 
risk allocation and the traders’ incentive is based on speculation and hedging opportunities. 
For example Chicago Mercantile Exchange is the largest futures exchange in the U.S. that 
offers futures and options on futures based on interest rates, stock indexes, foreign exchange 
and commodities, Eurex is the world’s largest futures and options exchange, electronically 
trading derivative products such as interest rates, equity index, financial indices , exchange 
traded funds, foreign exchange rates and currencies as well as stock option products, and 
HedgeStreet is an exchange offering a large number of event derivatives based on economic 
outcomes.

B. Information markets for Sports & Entertainment 

The markets of this category are also public and attract a large number of users. IMs for 
sports events include various betting exchange platforms which differ from online betting-
bookmaking as they utilize market mechanisms, mainly double auctions, to offer better 
quotes for their users. Several of these markets have been deployed with the primary goal 
to generate profits either from the trading activity of the users (for example Betfair, Bluevex 
and Trade Exchange Network) or from the generation of forecasts for research and business 
purposes (for example Hollywood Stock Exchange (HSX) and Yahoo! Tech Buzz). These 
systems cover a broad range of topics ranging from sports, media and technology foresight 
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events to financial, political or even weather. For example, HSX focuses on predictions for 
movie earnings and Oscar awards winners whereas Yahoo! Tech Buzz lets the participants 
trade on the popularity of technology concepts, products and trends. Examples of events in 
such markets include:

For sports events:

•	 Prediction of a football game outcome or a tournament winner.

For entertainment events:

•	 Prediction of the revenue of a movie in four weeks after its release

•	 Prediction of the date when a movie star will retire

•	 Prediction of the Oscar awards winners

•	 Prediction of the popularity of products in the category of Portable Media Devices
Table 3-2 provides an overview of well-known prediction markets of this type.

Table 3-2: Information Markets for Sports & Entertainment events.

Information Markets for 
Sports events

Context References

TradeSports Worldwide sports prediction 
market, e.g. baseball, soccer, 
football

Chen et al. (2005), 
Rosenbloom and 
Notz (2006) , Servan- 
Schreiber et al. (2004)

NewsFutures Sports (e.g. baseball, 
football, soccer), political 
elections

Chen et al. (2005)

World Sports Exchange Football, baseball, hockey, 
basketball etc

Debnath et.al. (2003)

Betfair Soccer, tennis, horse racing, 
etc.

Smith et.al. (2006)

Information Markets for 
Entertainment events

Context References

Hollywood Stock 
Exchange

Box office performance of 
movies

Gruca et al. (2003), 
Pennock et al. (2001b), 
Pennock et al. (2001a)

CMXX Success of movies, music 
CD’s and video games in 
Germany

Skiera and Spann (2004)

D. Internal Information Markets for corporate events

Internal markets typically operate within a corporate environment. All of the corporate 
markets are closed markets and only selected employees can participate, either anonymously 
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or not depending on the case. The strategic objectives of these markets are information 
or resource allocation. In the latter case for example, Intel has announced the operation 
of a market with the objective to allocate production capacities using futures contracts. 
Table 3-3 presents companies that have operated this kind of prediction markets. The 
main objective of the existing realizations is to gain a better foresight on specific issues 
by aggregating employees’ information. Typical topics – forecasting goals in a corporate 
environment include:

•	 Business events. The goal is the prediction of specific strategic business events like 
the outcome of an acquisition or the prediction on the success of a policy or a set of 
policies e.g. make decisions to abandon a policy that it will lead to poor results or 
select a policy that it will outperform other proposed policies (e.g. at Google).

•	 Market Forecasts. The goal is the prediction of the market success of a product like 
the prediction of the most successful drugs of a pharmaceutical company (e.g. at Eli 
Lilly) or next month’s sales of a product (e.g. at Hewlett-Packard).

•	 Technological Events. The goal is the prediction of production issues like the 
number of patches for a piece of software within a period of time or the adoption 
time of a new software (e.g. at Microsoft) or the allocation of production capacities 
for computer chips (e.g. at Intel) or whether software development projects will 
meet their schedules (e.g. at Siemens).

Table 3-3: Internal Information Markets for corporate events.

Company Context References

Hewlett Packard Future sales of products Chen & Plott (2002)

Google Various topics such as:

- Forecasting products’ 
demand 

- Predicting products’ 
performance 

Cowgill et al. (2008)

Siemens Forecasting project 
completion dates

Ortner (1997)

Microsoft Forecasting key product 
milestones

Berg & Proebsting (2009)

Intel Demand risk management Hopman (2007)

Eli Lilly Forecast drug development Kiviat (2004)

D. Academic Prediction Markets

The goal of prediction markets operating in an academic environment is mainly to research 
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the nature and characteristics of prediction markets as an alternative forecasting tool and 
their applicability to specific research fields. These markets operate for teaching and 
research purposes and are therefore non-profit oriented.

The main examples include Anderson School at UCLA (Professor Ely Dahan), University 
of Passau (Professor Martin Spann), University of Iowa (Professor Thomas Gruca), Ruhr 
University Bochum (Professor Mario Rese et al), Wharton Business School (Professor 
Justin Wolfers), University of Mannheim (Dr. Carsten Schmidt). The focus of academic 
markets spans from measuring preferences of new product concepts and attributes to 
predicting actual events, following a variety of approaches.

3.6 Benefits

IMs offer several benefits over alternative methods, namely accuracy, continuous and real 
time information aggregation, scalability and motives for participation. 

3.6.1 Accuracy

The efficient market hypothesis states that markets are able to aggregate the available 
information and prices are the best possible predictors of future events. As shown in 
section 3.5, the accuracy of IMs has been proven in laboratory experiments and real life 
applications. They are not limited by the source or type of information they can aggregate 
and are capable of performing even under difficult circumstances, such as when bits of 
relevant information are highly dispersed among participants.

Like in real life markets participants with inaccurate information are penalized as 
their wealth decreases when they are wrong. On the other hand good predictors obtain a 
capital advantage which can be used to influence the market greatly. Moreover participants 
anonymity removes bias and prevents dominant personalities from influencing consensus 
based outcomes in the wrong direction.

3.6.2 Continuous and real-time information aggregation

IMs continuously reflect the knowledge of their participants and aggregate new information 
as it becomes available. It is for the best interest of traders to quickly reveal accurate 
information in the form of trades. As a result participants in IMs do not have to wait for the 
next reporting cycle, staff meeting of committee approval to reflect important information. 
Anonymity ensures that bad news is also reported immediately as participants do not have 
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to worry for negative repercussions.

3.6.3 Motivating participation

A primary reason for the performance of IMs is that they have built-in feedback mechanisms 
and incentives structures. The potential for rewards and losses (either intrinsic or extrinsic) 
based on forecasting performance has a number of positive effects on the forecasting process. 
Those who share information through trades that lead to accurate predictions are rewarded 
while people are motivated to share relevant information in a timely manner. Financial 
motivation overcomes personal and political motives for withholding information and 
attracts informed individuals to participate in the forecasting process while discouraging 
those that have bad information or intuition. Moreover participants are encouraged to 
carefully evaluate their decision making processes and find new ways of obtaining useful 
information. Last but not least individuals are being urged to honestly assess the confidence 
they have in their opinion.

3.6.4 Scalability

Most forecasting processes employed by businesses today lack the ability to efficiently adapt 
to changes in the type and sources of new information. IMs are capable of transforming 
practically limitless amounts of qualitative information into accurate, quantitative 
assessments of the future. Unlike their traditional alternatives, these markets continue 
to operate efficiently as the number of inputs and/or participants increases. (In fact IMs 
generally function better with more participants and higher trading volume). Thanks to the 
internet, IMs also have the ability to aggregate information at any time from any place. This 
enables large, multinational corporations to give all informed employees the opportunity to 
contribute to a collaborative forecasting process. The addition of participants from additional 
organizations and/or lower levels of responsibility is likely to improve forecast accuracy 
while transforming these people into valued forecast contributors and stakeholders.

3.7 Participants

3.7.1 Synthesis

An IM does not produce information but aggregates already existing bits of information. 
This means that the answer to the problem at hand should be present among the participants. 
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According to Surowiecki (2004) an informed group comprises of independent, decentralized 
and diverse members. Although the administrator needs to foresee that these conditions are 
met an IM has the capability to attract such groups with little or no effort.

Independence of thought among participants assures that they do not affect each other and 
make their trading decisions according to their individual beliefs. Without this characteristic, 
groupthink phenomena can move a team away from a good answer. Groupthink refers to 
a process through which each member of the group shifts their opinion to the perceived 
group consensus (Wade & Travis, 2002) often leading to erroneous decisions. 

Participants must be free to express their beliefs without feeling influence from others. IMs 
promote independence by encouraging competition between participants, not consensus. 
Because of competition, participants are unlikely to share their privately held information 
and thus influence others or feel social pressure to alter their decisions (Watkins, 2007). 
Moreover participants in IMs are self-selected through individuals’ decisions to participate. 
This is according to Adam Smith (1759) who suggests that individuals who pursue their 
own interest, in parallel they frequently promote that of the society more effectually than 
when they really intend to promote it. While participants are competing for monetary gain 
and recognition, the market provides accurate information.

Diversity assures that different views and opinions are introduced into the market. A 
diverse cohort includes people with e.g. different educational backgrounds (technical, 
economics etc), from various company departments etc. This feature provides the basis for 
an explanation of why collective effort by a group can often outperform an individual: by 
virtue of being different, individuals can improve upon each other’s solutions to a problem 
(Hong & Page, 1998). A population that represents different pieces of information yields 
more accurate information. 

IMs encourage diversity through the non-competitive self-selecting mechanism of 
the incentives (Watkins, 2007). Before participants trade in a market, they evaluate the 
uniqueness of their information. A trader has an opportunity to perform the best if they 
have unique information. If the market price does not already reflect a trader’s information 
he or she can earn money by buying or selling shares to bring the actual price closer to 
their estimation. Thus, diversity has value in an IM. Furthermore, the more unique the 
information, the more value it could potentially hold. Participants with highly unique 
information are expected to trade more.

Decentralization refers to a property of a system where decisions are made by individuals 
based on their own local and specific knowledge rather than by an omniscient or farseeing 
planner (Surowiecki, 2004). Distributed intelligence provides the means to solve problems 
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that are too complex for an individual and increase knowledge since it produces answers 
to questions. 

IMs render decentralization feasible, profitable, and competitive (Kelly, 1994). Unlike 
a central command system, markets move quickly in response to the beliefs of the trading 
participants under the forces of supply and demand. Self-interested individuals in a market 
affect the prices of the stocks. The phenomenon is based on the assumption that “if you set 
a crowd of self-interested, independent people to work in a decentralized way on the same 
problem, instead of trying to direct their efforts from the top down, their collective solution 
is likely to be better than any other solution you could come up with” (Surowiecki, 2004).

3.7.2 Incentives 

Markets fail when traders are insufficiently motivated by the potential for profit, risk 
mitigation, or intrinsic reward, so the use of incentives is critical to the success of an 
IM. Although participation can be motivated due to the game like approach of an IM, 
remuneration may be required to extract timely and accurate information from traders. The 
importance of the forecasts as well as the amount of time and effort expected of participants 
should the affect compensation decisions. Rewards may be given at market end and/or at 
random time intervals to adjust the influence that incentives have on trading effort.

The use of predetermined awards based solely on the relative rank of participants creates 
a sampled effective and fixed cost incentive structure. In this case, the participants with the 
largest increases in their account balances are each given a prize. The prize allocation rule 
can be the following:
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where the total prize K is split among the top k performers out of n participants.

A drawback to this method is that it changes peoples risk profiles and can theoretically 
lead to irrational trades by less informed participants who, with nothing to lose, know 
that they have to be lucky to win (Chen 2004). An alternative approach is to provide cash 
payouts proportional to the participants’ account balances. Given the value Vi of participant 
i’s portfolio of virtual stocks and money at the closing of the IM, his/her reward R i is given 
by:

R i = (V i / Σi Vi ) x K (22) 
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where K denotes the total monetary value of prizes awarded. The linear prize allocation rule 
described in (1) awards participants according to their portfolio’s performance compared to 
the rest of the participants. 

However, some participants may chose not to trade at all, in favour of simply collective 
their initial endowment at no risk. This can be mitigated if all participants are required 
to invest at least a certain percentage, e.g. 50%, of their endowment in order to receive a 
payout.

In any case remuneration depends on the application domain. For example when IMs 
are used for innovation management, participation incentives might not be necessary in a 
company where innovation is greatly appreciated and employees are sufficiently motivated 
to participate in any process that involves generation and selection of new ideas. This is 
particularly true when the IM participants are technical experts, who are well-known to 
be self-motivated to participate in peer-review processes (e.g., refereeing for academic 
journals). On the other hand, non-experts may not be as motivated. More generally, in 
less receptive environments, participation in the IM must be encouraged through monetary 
incentives. 

Furthermore, in corporate applications the award mechanism should not overemphasize 
the monetary awards. On the contrary, establishing a corporate process where formal 
recognition is awarded to employees who actively and successfully participate in an IM 
will decisively contribute towards active contributions. These non-monetary awards are 
based on the idea that many individuals are motivated to perform better if that enhances 
their “reputation”. Marsh (1994) defines reputation as the amount of trust inspired by the 
particular person in a specific setting or domain of interest. In idea prediction markets, users 
that submit and trade ideas successfully earn the respect and admiration of their colleagues, 
their supervisors and their subordinates. As a result of this reputation they might earn small 
perks or even a promotion (and thus higher pay), however, we focus here on the purely 
non-monetary aspects of reputation. In a company that implements IMs, a reputation based 
award mechanism can award reputation points based on the rankings of participants. Once 
a user collects enough points, his/her success is formally recognized in a company retreat, 
gala, etc.

A question which can arise from the above refers to the accuracy of play money IMs. 
One would expect that by using real money better results can be achieved. Nonetheless 
research onto this question yielded no significant differences between the accuracy of the 
two methods (Wolfers, 2003). And since real money markets have the potential to create 
procedural, technical and ethical dilemmas that increase the costs of the approach, we rarely 
meet such deployments. In particular real money prediction markets have been found to 
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encounter significant challenges from existing compensation systems and run at a higher 
risk of moral hazard situations (Chen 2004, Gebert 2004). In the end the company must 
create an incentive system that motivates knowledgeable individuals to continuously share 
their information in a timely manner which required significant effort.

3.8 Manipulation and Bias

Manipulation is a common concern in markets. There are several instances of known methods 
to manipulate IMs, though research and real life applications have shown that in general 
market manipulation attempts fail. However, it is conceivable that some participants may 
attempt to manipulate a given market. For instance, when short selling is an option, some 
unethical traders may explicitly and intentionally spread false information to drive down 
the price of a given contract subsequent to short selling within the market (Yuille, 2009). 
Furthermore, traders may attempt market manipulation to personally profit or to influence 
the result of the IM. However, profit motives ensure that such manipulation attempts are 
not successful (Wolfers & Zitzewitz, 2004). Since all traders have incentives to predict 
accurately, any erroneous or manipulative transaction will be counteracted and corrected 
by other knowledgeable and informed traders.

In terms of manipulation for personal profit, Wolfers and Zitzewitz (2006) present 
several examples in which known manipulation attempts resulted in only short-term price 
fluctuations, which the markets subsequently corrected within 24 hours. However, the 
examples cited by Wolfers and Zitzewitz (2006) refer to thick markets. The extent to which 
a given market can be manipulated depends on the market‘s thinness. In a thin market with 
fewer participants the potential for market manipulation is greater.

Manipulation attempts to influence the outcome of the market can involve individuals 
or groups. In particular the impact of unrepresentative participants who affect the market 
outcome or are being influenced is discussed in (Abramowicz, 2003). In such cases, the 
non-diverse participant pool may intentionally, or through an unintentional social judgment 
bias, provide erroneous input into the IM leading to false outcome. Again, this is of particular 
concern with thin markets. Decision makers must be aware and consider such possibilities 
when employing IMs.

Biases are important factors to consider when assessing prediction market accuracy and 
correlating market prices to event probabilities. Biases affect how people interact, perceive, 
and share information (Chinn & Huffman, 2009). This strong sense of perception related 
to critical events and conditions can lead people to conduct trades somewhat irrationally. 
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Moreover, biases may cause participants to repeatedly over- or under-value specific 
contracts. The following sections briefly discuss four of the most prevalent biases of which 
decision makers should be aware: 1) over-optimism, 2) under-pricing of extremes, 3) long 
shot, and 4) social judgment.

The over-optimism bias refers to an optimistic view of the organization and/or its ability 
to achieve certain goals. Most organizations generally would appreciate having a problem 
such as this, but this bias can affect prices and associated probabilities in IMs seeking 
answers to questions relevant to the organization‘s goals or performance. This type of 
bias was evident in a recent IM deployed at Google (Cowgill, 2008). The transactions 
of recently hired employees showed that they are highly optimistic about their company. 
Another factor that induced optimism was the external Google stock price. People feel 
excited about the company when the stock performs well, so they‘re more likely to bet that 
good things will happen (Dye, 2008).

Under-pricing extremes is another common occurrence in which, risk-averse participants 
underestimate the likelihood of low-probability events. This may be especially prevalent 
when a market has contracts with a relatively high actual probability of occurrence; by 
default, such markets will have some contracts with relatively low actual probabilities of 
occurrence. In this case, traders may under-price the low probability events by trading more 
heavily in favour of the high probability events. Google observed this bias when they used 
IMs to forecast the number of people who would use a given service. For example when 
they created contracts with five different outcomes to generate forecasts concerning the 
number of Gmail users the highest and the lowest outcome happened more often than the 
market expected (Cowgill, 2008).

The long shot bias is the opposite of under-pricing extremes. Many risk-seeking people 
will overestimate the probability of low-probability events occurring. This can also lead to 
price or probability distortion as high-probability events have prices that reflect lower-than-
actual probabilities; on the contrary, low-probability events have prices that reflect higher-
than-actual probabilities. The effects of long shot bias and under-pricing extremes might 
counterbalance one another in markets characterized by both biases, although no empirical 
evidence exists to support this (Chinn & Huffman, 2009).
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3.9 Preconditions and Post-conditions

3.9.1 When to use IMs

IMs are not a one size fits all solution. Before applying the approach to a real world problem, 
the potential benefits need to be weighed against alternative methods and certain issues to 
be considered carefully.

The first issue refers to the value of resolving a particular uncertainty. Can, for example, 
knowing the delay of a project enable cost savings or other benefits? Can having better sales 
forecasts enable the company to confidently pay down debt? Rank-ordering uncertainties 
that need to be resolved, based on the value of resolution, identifies a priority list of potential 
prediction market applications.

A second issue to consider is whether IMs are the right tool to address a particular 
information aggregation problem. For example if the problem at hand is a forecast, or known 
drivers that impact the forecast, and both have a time series of historical data available, it 
may be easier to apply other forecasting techniques such as the use of statistics or machine 
learning. These techniques do not require the participation of many individuals in the 
process – unlike an IM which requires many traders. IMs are especially suited to situations 
where there is sparse data otherwise available that may be used to define a rigorous model.

The third issue to consider is the cost of IMs given that it is a social analytic approach. 
As already mentioned IMs require multiple participants to be recruited and incentivized 
to participate from within the firm. Although the use of real money is not required, the 
trading of points may be converted to a reward in the form of prizes whereas the cost of 
the total time participants spend can be significant. Furthermore another form of cost (or 
benefit in some cases) is the transparency of such markets as areas of uncertainty, and issues 
such as projects going off track become more visible to a wide variety of participants. 
Organizations need to decide whether they desire and benefit from the transparency that 
these markets drive.

Last but not least ‘trust in the wisdom of crowds’ is needed. Decision makers have to 
accept that the input of the participants is reliable and can provide actionable information.

3.9.2 Deployment Scenarios 

Several usage scenarios can be defined with IMs which depend on the context and the desired 
outcome decision makers want to obtain. We classify the types of possible applications into 
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three distinct categories:

•	 IMs for forecasting and predictions. This category includes all the deployments 
with a purpose of aggregating information relevant to an unknown future event. 
The event is well-defined, which means that the market operator and participants 
will know at some point in the near future the exact outcome. IMs for predictions 
may take the form of combinatorial markets where participants can trade on any 
combinations of future events. For example, given N binary variables, people could 
trade on any of the 2N possible states or 22N possible events (Hanson, 2003).

•	 IMs for preferences aggregation. The purpose of such markets is to aggregate the 
preferences of the participants for a set of possible alternatives options. Indicative 
options can be the selection of a new idea, a new product concept of feature, a new 
strategy or even a new policy. In such markets there is no measurable outcome 
against which to compare market performance (or at least none that can be 
determined in the near-term) (e.g. LaComb, 2007). For example consider a market 
designed to select a new product idea from a set of ideas. One cannot know whether 
the selected idea was the correct choice unless it is successfully implemented and 
sold. Furthermore, one can never know whether an alternative product idea could 
be a more proper choice.

•	 IMs for preference aggregation and generation of new content. This type of markets 
extend IMs for preference elicitation and allow participants to submit (propose) 
new options. New contracts are created based on the participants’ suggestions and 
participants express their preferences for newly proposed options as well. 
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Chapter 4

Research Approach

This Chapter introduces the concept of preference markets and describes the focus of 
this thesis, including main questions and related research tasks established to provide 

answers. Thereafter, the research methodology we followed is explained.

4.1 Preference Markets

Past research on IMs indicates that they comprise a reliable forecasting instrument in 
various domains such as politics, sports and business issues (see Chapter 3). The particular 
characteristic, of such so called “first-generation” IMs (Slamka, 2009), is that they link 
the payoff value of futures contracts to the outcome of well-defined future events. This 
requirement limits their use as many decisions focus on events that may never occur or 
have a long time horizon. For example, in decisions among alternate product ideas or 
alternate government policies, the outcome (i.e., market success or failure) may be known 
only a long time after, and decision makers never know what might have happened had they 
made a different selection. To overcome this limitation, recent research proposes “second-
generation” IMs that rely on alternative mechanisms to determine payoff values including 
the volume-weighted average trading prices (LaComb et al., 2007), the last fixed price 
(Chan et al., 2002; Soukhoroukova and Spann, 2005), or the last fixed price when a market 
closes at a random point in time (Dahan et al., 2007). 
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Such markets are also called preference markets as participants are asked to evaluate 
or express their preferences for the available options by selling contracts of options they 
believe will fail and investing on those they believe will be successful. In a sense they place 
their money where their mouth is, similarly to a prediction market for forecasting a fixed 
number of outcomes. 

Furthermore second generation IMs can be configured to support another manifestation 
of preference aggregation; participants are allowed to extend the initial set of choices 
reflected in futures contracts and propose alternative options. In this respect IMs leverage 
participants’ creativity and motivate the generation of new content, for instance new 
product ideas in innovation settings or policy options in e-Participation settings. This type 
of markets are similar to combinatorial prediction markets where participants are allowed 
to make any proposition they want (Chen et al., 2007).

In Figure 4-1 the ‘IMs configurations chart’ has been drawn. On the horizontal axis, we 
have placed the different types of payoff the futures contracts may offer. The payoff can be 
tied to a future event or be dependent on an alternative indice (e.g. VWAP, final price etc.). 
On the vertical axis a separation has been made between markets that allow participants 
to propose new outcomes in the form of futures contracts and markets where users trade a 
fixed set of contracts specified by the decision makers. As shown in Figure 4-1 the focus of 
this thesis is on preference markets.

Outcome tied 
to a future 
event

Outcome not 
tied to a future 
event

Fixed number 
of outcomes

Users propose 
new outcomes

Prediction 
Markets

Combinatorial 
Prediction 
Markets

Preference 
Markets (users do not 
propose new contracts)

Preference 
markets (users can 
propose new contracts)

The focus of 
this thesis

Figure 4-1: IMs possible configurations and the focus of this thesis.

IMs for preference aggregation can be employed in cases where the generation of user 
content and the aggregation of opinions and preferences are required. Existing use cases 
described by researchers include IMs for innovation management within the boundaries of 
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organizations (e.g. LaComb et al., 2007) and in open innovation (e.g. Dames et al., 2008) 
settings as well, IMs for e-Participation (e.g. Hanson, 2007) and last but not least IMs as an 
alternative approach to group deliberation (e.g. Sunstein, 2006).

Interest in preference markets is rising, not only in academia but also among practitioners. 
Several companies offering IM solutions have shifted from offering markets purely for 
forecasting, to providing preference markets as well. NewsFutures3, for example, a leading 
IM software provider, now includes preference markets in its standard solution portfolio. 
Other examples include firms such as Crowdcast4 (which offers “Open Innovation Markets”) 
and Nosco5 (“Idea Exchange”) which are offering solutions for creating and evaluating 
innovations.

In the following sections two major applications of preference markets are described, 
namely market for innovation management and market for e-Participation, and we answer 
the questions of who participates, what is being traded, how participants are involved and 
what is the objective of the market in each case.

4.1.1 Preference Markets for Innovation Management

IMs may apply during four phases of innovation management (Soukhoroukova, 2009). In 
the early idea generation and concept selection phases, often attributed with the term the 
fuzzy front end of innovation (Cooper, 1988), preference markets can narrow potential 
concepts and product attributes to a manageable number, focusing resources where they 
will yield the greatest benefit for the organization. In the later detailed design and testing & 
launch phases, preference markets can help assess price sensitivity, detailed new product 
feature preferences, and optimal advertising and promotion. For example, a new product 
development team might use preference markets to test potential advertising campaigns, 
price points or distribution strategies prior to product launch. In Figure 4-2, we  summarize 
who should participate in preference markets, which contract types can be employed, 
how these markets could be implemented and why the objectives of deploying preference 
markets at four key stages of innovation management. 

3  http://www.newsfutures.com/
4  http://www.crowdcast.com/
5  http://www.nos.co/
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Who?
(Ideal respondents)

Employees, lead 
users

Employees, potential 
consumers

Designers and
engineers

Target market members, 
managers

What?
(Contract Types)

Competing ideas 
and attributes

Competing concepts: 
new products or 
services

Mutually exclusive 
attribute levels at 
varying prices and 
performance

Final design at various 
prices, potential ads and
promotions

How?
(Market Formats)

Participants trade 
on rough ideas and 
attributes - they can 
suggest new ideas

Participants trade on
competing detailed 
concepts

The focus is on 
attribute areas of 
interest

Contracts represent 
potential ads, delivery 
channel options, pricing 
alternatives at different 
levels

Why?
(Objectives)

Generate new ideas 
and prioritize long 
lists of ideas 

Rank the most 
promising integrated 
concepts

Measure preference 
intensity and 
tradeoffs for 
features

Gather preferences for 
optimal pricing/promotion 
and channel strategy

Idea Generation Concept  
Selection Detailed Design Testing & Launch

Figure 4-2: The use of preference markets for innovation management (adopted from 
Soukhoroukova et al., 2009).

Figure 4-2 shows that preference markets are particularly useful in the early stages of 
innovation management as a method of collecting new ideas or concepts and prioritizing 
long lists of ideas or concepts thus driving resources towards the most promising directions. 
They may complement other market research methods such as conjoint analysis and virtual 
concept testing which perform better with a limited number of attributes and concepts, and 
which are geared to individual preference measurement (Soukhoroukova et al., 2009). 

Preference markets can also be beneficial for/to open innovation initiatives that embrace 
the process of cultivating and internalizing value from opportunities external to the firm 
(Chesbrough, 2003). The ‘walled garden’ approach of innovation is becoming obsolete as 
companies realise the potential of involving customers and lead users in their innovation 
processes in order to contribute in the generation and evaluation of ideas. Markets constitute 
a scalable and engaging platform that supports the collection of ideas and evaluations from 
external sources (Sawhney et al., 2005).

4.1.2 Preference Markets for e-Participation 

Several governments and institutions are supporting efforts to increase public engagement 
through e-Participation (Millard, 2009) with an aim to incorporate the opinion of the 
public in their decisions. e-Participation can be viewed as policy instrument intended to 
enhance public involvement in policy making (Whyte & Macintosh, 2002). In a typical 
e-Participation, government bodies or institutions define issues for consultation, set the 
questions and manage the process, while citizens are invited to contribute their views and 
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opinions online. 

Public participation helps to overcome decision failures due to a lack of information 
about the consequences of policy choices. Policy-makers may have mistaken beliefs about 
the direct effects of a policy since they rely heavily on expert knowledge, expressed directly 
via civil servants, contractors, and official boards and commissions, and indirectly via mass 
media and academic reports and analyses (Hanson, 2006a). Additionally there is a high 
cost if the implemented policy provokes negative feedback that could have been identified 
previously by consulting citizens and interpreting the information they provide.

According to Macintosh et .al. (2004), three levels of engagement can be used to 
characterize e-Participation:

•	 e-Enabling is about supporting those who would not typically access the internet 
and take advantage of the large amount of information available. The objective is 
how technology can be used to reach the wider audience by providing a range of 
methods to cater for the diverse technical and communicative skills of citizens. 

•	 e-Engaging with citizens is concerned with consulting a wider audience to enable 
deeper contributions and support a deliberative debate on policy issues. The use of 
the term ‘to engage’ in this context refers to the top-down consultation of citizens 
by government or policy making organizations.

•	 e-Empowering citizens is concerned with supporting active participation and 
facilitating bottom-up ideas to influence the political agenda. The previous top-down 
perspectives of democracy are characterized in terms of user access to information 
and reaction to government led initiatives. From the bottom-up perspective, citizens 
are emerging as producers rather than just consumers of policy (Macintosh et al., 
2002). 

The use of IMs for e-Participation was initially suggested by Hanson (2009) who tried 
to implement a Policy Analysis Market (Polk et al. 2003) in order to aggregate public 
information for potential terrorist attacks. The endeavour was not successful due to 
negative reactions from the media and political parties in the US, nonetheless it brought 
forth this potential use of IMs. Furthermore Hahn and Tetlock (2005) discuss how IMs can 
be designed to assess policies and support well-informed decisions. 

With IMs, the information and preferences of citizens are reflected in the price of 
contracts that represent policy options. Citizens buy contracts of policy options they prefer 
and sell those they do not approve. The target is citizens’ motivation and their participation 
in the decision making process. As an example, suppose that a new policy addressing the 
problem of excessive CO2 emissions by automobiles is proposed. The IMs e-Engaging 
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approach would be to model the consequences of either adopting or not the proposed 
policy, by creating different contracts which reflect e.g. the impact on the percentage of 
CO2 emissions after 5 years. 

IMs can be configured to allow citizens propose alternative options raising the level of 
participation to e-Empowering. The new options are traded in the market together with 
the ones introduced by the policy makers. As a result the public, through the market, can 
indicate policies that experts have not considered yet.

Another contiguous application of IMs suggests these markets to be considered in small-
group settings and provide a means for group deliberation (Sunstein, 2006). The idea is to 
avoid important limitations of face-to-face group meetings. For example minorities with 
relevant information tend to be silenced too readily by social pressure and junior members 
of a meeting can be reluctant to say what they really think. These situations lead to the 
emergence of a troubling “groupthink” (Sunstein, 2006). Furthermore a lack of anonymity 
can inhibit honesty in communication and in larger groups it is often necessary to exclude 
members who may have relevant information as the number of people involved grows 
large because many-way discussions can become quite unmanageable and time consuming. 
IMs characteristics can mitigate the aforementioned negative effects of groups and lead 
participants to a consensus. 
Figure 4-3 summarizes the potential uses of IMs in e-Participation and group deliberation 
settings.

Who?
(Ideal respondents)

The public at large 
– stakeholders

Citizens Deliberating group 
members

What?
(Contract Types)

Competing actions Competing policies Group members 
opinions

How?
(Market Formats)

Participants trade 
on future actions -
they can suggest 
alternatives

Citizens trade on 
alternative policies

Group members 
invest on opinions

Why?
(Objectives)

Identify the 
preferences of 
stakeholders

Identify the 
preferences of 
citizens

Avoid deliberative 
failures (Sunstein,
2006)

e-Empowering e-Engaging Group 
Deliberation

Figure 4-3: Preference markets for e-Participation and group deliberation.
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4.2 Position with respect to related work

The ecosystem of preference markets is comprised of three distinct areas, each characterised 
by a set of research problems (see Figure 4-4). 

Content 
Generation

Preference Markets Design

Preference Market Information System

Preference Markets Applications

Market 
Institution

Information 
Aggregation & 

Accuracy

Figure 4-4: Preference Markets ecosystem.

Starting from the bottom, the first area refers to the preference market information system. 
As we will show in Chapter 5, a number of systems implementing the concept of prediction 
markets has been created in the recent years, both commercial and non-commercial or 
educational. The majority of existing platforms are implemented as web applications in 
order to facilitate user participation. From a research viewpoint, Soukhoroukova (2005), 
establish a flexible software-architecture for prediction markets. Based on the work 
of Lindemann (2000) they define four architectural views of the system (community, 
implementation, transaction and infrastructure) and implement the VirtualStockMarket. In 
more recent work, Gaspoz (2010) studied information system design aspects of a prediction 
market. First, they elicited general requirements of an electronic trading platform like a 
stock exchange, next, they conducted interviews with researchers and future users of this 
platform and, finally, made an extensive literature review to identify remaining design 
factors. They defined 30 design factors grouped in three categories: electronic markets 
processes requirements, electronic trading requirements and a set of specific requirements 
in a research community addressing their specific application needs. The outcome was the 
MarMix prediction market. The already proposed architectures and systems do not consider 
the particularities of preference markets and do not foresee functionalities and processes to 
handle user generated content in the market. Moreover, the market mechanisms are tailored 
for predictions of unrealised, yet well defined future events. In this thesis, we focus on the 
requirements of preference markets and implement a web-based system to address them.
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We refer to the next area as ‘preference markets design’. Here we position three core 
functionalities, namely the content generation, the market institution and the information 
aggregation and accuracy. Content generation is concerned with the issues that govern the 
submission of user generated content. One dimension of this functionality refers to the 
process that controls which submissions become part of the market. The existing literature 
reports two approaches. LaComb et al. (2007) run a preference market where participants 
freely submit new content and no filtering is applied. Shoukhoroukova et al. (2007) and 
Ondrus (2007) create a market where new content is filtered by the participants using an 
Initial Public Offering approach. They introduce a phase during which participants express 
their interest in newly proposed contracts by investing money. Once a contract receives 
adequate investments, it is introduced in the market. Previous work has not formalized the 
alternative processes that control new content generation in preference markets and has not 
measured the performance of each alternative in terms of quantity and quality of the new 
content. This research gap is investigated in the context of this thesis. 

Another issue of this functionality refers to the performance of preference markets 
against alternative approaches in terms of the quality and quantity of user generated content. 
Previous research has qualitatively compared the performance of preference markets against 
alternative approaches in terms of new content generation. Soukhoroukova et al (2007) 
and LaComb et al. (2007) run preference markets within companies and ask managers to 
qualitatively assess the adequacy of user submitted content in terms of quality and quantity, 
based on their experience with other methods. We observe that a formal comparison of 
preference markets’ performance with respect to alternative approaches is lacking from 
existing literature. In this thesis we address this issue by formally comparing preference 
markets’ to other approaches.

 The core functionality referred as ‘market institution’ in Figure 4-4, is concerned with 
trading algorithms, design of futures contracts and the mechanisms that lead to information 
aggregation through market prices. These aspects of preference markets originate from 
prediction markets research and have been extensively studied as we showed in Chapter 3. 
In this thesis we adopt the best practises from previous work as far as the market institution 
is concerned. 

Information Aggregation & Accuracy deals with the output of preference markets. 
The reported results on this topic are mixed. Slamca et al. (2009) compare prominent 
mechanisms used in preference markets to calculate final prices and report results similar to 
traditional prediction markets. The results of Shoukhoroukova et al. (2007) and LaComb et 
al. (2007) show that there is room for improvement with respect to the evaluative function 
of preference markets. In this thesis we address the question of how we can enhance 
preference aggregation using markets. 



Chapter  4

85

4.3 Research Questions

The research goal of this thesis is to explore how IMs facilitate and support social computing 
processes with human and artificial agents. Our research assumption is that an IM can support 
decision makers by aggregating dispersed information while leveraging and fostering user 
participation. Based on our findings from previous work on preference markets, we focus 
on four key questions and determine associated research tasks, summarized in Figure 4-5. 

What is the role of 
facilitator in 
preference 
markets?

How can we improve 
the preference 

aggregation using 
markets?

What is the performance 
of preference markets 

compared to other 
approaches?

Identify the 
requirements and 
develop a web-

based information 
market

Identify the 
impact of various 
facilitation modes 

in preference 
markets

Re
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h T

as
ks

How to engineer an 
information system 

implementing 
preference markets?

Compare the 
performance of 

preference markets 
against alternative 

approaches

Identify the impact 
of social media 

content on 
preference markets

Figure 4-5: Research questions and corresponding research tasks addressed in this thesis.

4.3.1 Web-based information market for preference aggregation

We begin with studying the key design elements of a preference market from an information 
system perspective. In this regard we identify the requirements that a preference market 
should fulfil satisfy participants’ and decision makers’ needs. The user interface and 
functionalities are designed such that they motivate participants, are easy to understand and 
more game like, hiding all the complexity of traditional stock market applications. From a 
decision maker perspective, we provide enough flexibility in the configuration options to 
allow the formation of various usage scenarios, adapted to the needs of different companies. 
We focus on the aggregation of participants’ preferences, the generation of new content and 
the enhancement of the available content. Special consideration is given to the technical 
architecture to render the system easily expandable for future needs.

4.3.2 The role of facilitator in preference markets

Additionally, we introduce structured processes to control the generation of new content 
and form the basis for our next research objective that concentrates on the study of user 
participation processes. We focus on the role of facilitator in IMs and introduce the concept 
of market facilitation which is a new dimension of facilitation in preference aggregation 
processes and extends existing approaches of content and process facilitation (Khalifa, 
Kwok, & Davison, 2002) to the control of suggestions being introduced to the market. 
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Different levels of market facilitation restrictiveness are examined, similar to studies that 
have examined the effects of content and process restrictiveness on group processes e.g. 
(Khalifa et al., 2002). In order to study the role of IMs and market facilitation, we design and 
execute a set of laboratory experiments with a focus on the domain of idea management and 
compare three modes of IMs in terms of their effects on quantity and quality of contributed 
ideas, distinguishing different levels of facilitation restrictiveness for market-based ideas 
generation. The results are presented in Chapter 6.

4.3.3 The performance of markets for preference aggregation

After having investigated the role of facilitator we set out to compare the performance of 
IMs against other approaches. We argue that the use of IMs can result to increased content 
generated by the participants compared to alternative approaches. The characteristics 
of IMs are well aligned with those of emergent strategies for preference aggregation in 
organizations. For example, in addressing the challenges of intense and timely innovation, 
organizations seek agile and easily deployable means to collect and evaluate ideas for new 
products and services. They have also become increasingly proactive in sourcing ideas 
beyond the boundaries of R&D departments (OECD, 2008). Ideas for new products and 
services may originate from front-line employees, managers, other personnel or even from 
outside the organization (e.g. from lead users, customers, and the wider public) (Bommer 
& Jalajas, 2007). IMs appear to fulfil many of the requirements that challenge existing 
tools for preference aggregation: supporting both small and large distributed groups of 
contributors, facilitating continuous ideas contribution and ranking, and spring-boarding 
ideas by allowing contributors to be inspired by the innovations of others. Moreover, 
tools should be responsive to new information such as the release of a new product by a 
competitor, facilitate consensus building and provide real-time feedback on ideas as they 
are generated (La Comb et al., 2007).

In order to verify our assumption we ran a laboratory experiment and compared IMs with 
an electronic brainstorming tool. The context is innovation in this case too. Furthermore we 
deployed IMs in two real life case studies at SAP AG and the Laval living lab to understand 
how the method fulfils stakeholders’ needs. Additionally we expanded the applications’ 
arsenal and designed two cases studies in the contexts of e-Participation in cooperation 
with the state of Bremen in Germany and the European Commission. Chapters 7 and 8 
present our results.

4.3.4 How can we improve preference aggregation using markets?

As we will show in the following Chapters, our experiments and real-life cases provide 
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evidence that IMs for preference aggregation perform better than existing approaches 
in terms of the quality and quantity of user generated content. Another major function 
of such markets refers to the aggregation of dispersed information and its reflection in 
market prices. A number of IMs limitations originate from the need for the participation 
of human traders. First, they require multiple participants, who need to be recruited and 
incentivized to participate. Second, there is substantial evidence from psychology and 
economics suggesting that people tend to overvalue small probabilities and undervalue 
near certainties, hence markets are likely to perform poorly when predicting small and high 
probability events. Third, IMs, like all markets are prone to manipulation attempts in which 
participants try to influence the prices of specific securities for own benefit.

The active, participatory and creative Web audience is prevailing today with relatively 
accessible social media. The explosion of user-generated content on social media, i.e. 
publicly available content that is produced by end-users, provides a wealth of opportunities 
for tapping into user preferences, assessments and opinions about content, products, 
services, or even people (Wang, Carley, Zeng, & Mao, 2007), (Tang & Liu, 2010). Such 
information is captured typically in ratings denoted with Likert scales (e.g., 1-5 or 1-7), 
or other equivalent schemes such as stars or linguistic labels (e.g. good, very good). User 
preferences also appear in textual content provided in forums, blogs, wikis and the like and 
may represent detailed reviews or short statements expressing sentiments. In fact, sentiment 
analysis has shown that textual messages in microblogs correlate highly to public opinion 
measured from polls (Asur & Huberman, 2010).

Social media content, sometimes explicitly and in other cases implicitly, may refer to 
possible future events; it remains, however, unexploited in making predictions and aiding 
decisions about the future. The ability to predict the outcome of future events quickly and 
accurately is critical in today’s business environment. For example, estimations of a product 
success and sensing of future consumer behaviour can help businesses alter both research 
and production planning.

In this thesis we propose a new approach for preference aggregation using markets by 
using agents instead of human participants. Agents act on behalf of humans and exploit user-
generated content available in social media by extracting user sentiments and assessments 
and using them to derive actionable information, i.e. make informed transactions on the 
market. We develop an agent-based framework for applications that can benefit from the 
‘wisdom of crowds’ which is created and disseminated in different types of social media 
(e.g. weblogs, microblogs, online forums, web communities, etc.).



Research Approach

88

4.4 Research Design 

Research design refers to the way an investigator applies logical architecture to her/
his research project (McNabb, 2004). In this step of the research process we make sure 
that the data gathered are sufficient and appropriate for answering the research question 
completely and unambiguously (deVaus, 2001). The three basic forms of research designs 
are: quantitative, qualitative and combined (McNabb, 2004). Qualitative design may 
include ethnography, action science and grounded theory among others. Quantitative 
design includes experiments, longitudinal and cross-sectional studies and surveys, action 
science, content analysis and case studies. Α quantitative design can be further divided into 
three types, namely exploratory, descriptive or causal.

•	 Exploratory studies are small-sample designs used for gaining insights and ideas 
about research problems and the variables and issues associated with those problems. 
These types of studies are sometimes referred to as ‘pilot studies’. Exploratory 
studies are often employed as the first step in a multipart research project; because 
of their limited scope they seldom exist as stand-alone approaches. Exploratory 
studies help the researcher gain greater understanding of the problem for which 
more information is needed. They also help the researcher identify variables that 
may be only tangentially or marginally related, and thus should not be included in 
a more extensive research effort.

•	 Descriptive research designs are used to develop a ‘snapshot’ of a particular 
phenomenon of interest. Descriptive studies typically involve large samples. They 
provide a description of an event, or help define a set of attitudes, opinions, or 
behaviours that are observed or measured at a given time and in a given environment. 
The focus of descriptive research is on the careful mapping out of a circumstance, 
situation, or set of events to describe what is happening or what has happened 
(Rosenthal and Rosnow 1991).

•	 Causal research studies typically involve planning and conducting experiments. 
Causal studies may be either relational or experimental. The purpose of relational 
studies is to identify how one or more variables are related to one another. They are 
sometimes called correlation studies. The purpose of an experimental study is to 
identify the cause or causes of change in a variable or event – that is, determining 
“what leads to what” (Rosenthal and Rosnow 1991). Designing and experimenting 
is the key activity in a causal research project. Experiments involve subjecting 
two or more samples or sub-samples to different treatments or interventions. 
Researchers may manipulate one, two or more independent variables in the same 
treatment experiment.

Design methods refer to the way data are collected, such as questionnaires, structured or 
semi-structured interviews, observation, document and artefact analysis and unobtrusive 
methods.
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4.4.1 The Design Science Paradigm

The nature of the problems we intend to solve in this thesis leads us to consider the use of 
a design science approach. Design science is strongly related to information systems and 
offers a much needed paradigm, carving out a niche for that research discipline (Weber, 
1987). According to March and Smith (1995), there are two legitimate kinds of scientific 
interest in the information systems domain: (1) a natural and social sciences approach 
seeking to understand reality, (2) a design science approach aiming at creating artefacts 
that serve human purposes. The second one is also named “science of the artificial” by 
Simon (1996) and defined as a body of knowledge about artificial (man-made) objects and 
phenomena designed to meet certain desired goals. 

Design research emerged in the 1980s and became a distinct line of research in information 
systems in the late 1990s. According to Vaishnavi and Kuechler (2004), design research 
involves the analysis of the use and performance of designed artefacts to understand, 
explain and very frequently to improve on the behaviour of aspects of information systems. 
These artefacts can take the form of algorithms, human/computer interfaces and system 
design methodologies or languages. Thus design research should not be limited to artefacts, 
but it should also explore “design environments, design education and cognitive processes 
of design as relevant to the support of the design process and much more topics” (Vaishnavi 
& Kuechler, 2004). They conclude that if the core of information systems is the artefact 
then surely its heart is increasing understanding of every aspect of the design process by 
which these artefacts are brought into being.

4.4.2 The Research Approach of this Thesis

Our research design process follows the conceptual framework described in the work of 
Hevner et al. (2004) which provides a set of guidelines for understanding, executing, and 
evaluating the research. By definition, design science research must produce a viable artefact 
to address important and relevant problems. This artefact must yield utility, and its quality 
and efficacy must be rigorously evaluated. Furthermore, design science research must 
provide innovative contributions and use rigorous methods to support the build/evaluate 
process. The search process induced by this loop, should lead to an effective solution. 
Finally, the findings from the design science research should be able to be communicated to 
both technical and management audiences. They also state that these guidelines should be 
carefully used, given the particular research that one would conduct. We have to note that 
these guidelines are not a checklist to follow step by step. Having in mind this framework 
and IMs as our artefact (see also Table 4-1), first we identify the problems we intend to 
solve. In section 4.2 we presented the research questions we intend to answer. Next, we 
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establish innovative solutions and formulate hypotheses to support our solutions, grounded 
on previous research. Then, we demonstrate and evaluate our solutions through controlled 
experiments in laboratory settings, real-life case in organizations and computational 
experiments with artificial agents. Last, we communicate our findings both for professional 
and academic audiences. 
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Chapter 5

WIM: A Web-based 
Information Market

This Chapter describes a Web-based Information Market engineered for preference 
aggregation. First the elicited system requirements are presented and the functional 

architecture. Section 5.5 provides a system walkthrough and demonstrates how the system 
can be used. Next we provide details regarding implementation aspects and the results of 
the system’s evaluation. The Chapter concludes with related the related work.

5.1 Introduction

WIM (Web-based Information Market) is a software system that incorporates features to 
render it a promising solution for the setup of IMs for preference aggregation. Our main 
goal was to build and operate an IM for preference aggregation. This implies developing a 
modular platform that allows a great flexibility in the definition of the usage scenarios and 
which also enables us to track all the users’ activities and their behaviours on the platform.

The following three scenarios need to be supported in an IM for preference aggregation 
(Figure 5-1).
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•	 Content generation. The purpose of this scenario is the generation of new content. 
The game like process of the IMs impels users to propose new content which enters 
the market in the form of contracts. Trading occurs for all contracts, newly proposed 
and old. Participants are compensated not only according to their stock portfolio but 
also for their contributions.

•	 Content enhancement. The purpose of this scenario is to enhance the options in 
the market. Market participants can invest on a contract and then make their own 
contributions. For example in the case of innovation management they may question 
some aspects of the idea that the contract represents, suggesting improvements or 
changes according to their personal view.

•	 Content evaluation. The purpose of this scenario is the evaluation of the available 
options. A market is setup with a number of options and traders invest based on their 
preferences. They trade contracts in an effort to increase the value of their stock 
portfolio. Transactions are used to identify the most promising options. Additional 
explicit traders’ feedback, such as comments and ratings, can be requested as well.

 

New 
Content

Evolved 
Content

Ranked 
OptionsPool of 

traders

Other configuration 
options (e.g. trading 

mechanism)

Content  
Evaluation 
Scenario

trading feedback new ideas

administrator

traders

Content Enhancement Scenario

Content Generation Scenario

decision makers

examine

consider

judge

perform
provide insert

WIM

selects 
scenario

configures

selects 
traders

Figure 5-1: Representative Preference Aggregation Scenarios and WIM Support.

WIM provides functionalities for three roles: the Market Administrator, the Trader and 
the Decision Maker. The Administrator is responsible for setting up new markets, managing 
existing markets, selecting the original set of ideas included in a market and inviting traders. 
Traders are employees who participate in the idea evaluation or contribute ideas and/or 
idea enhancements in the corresponding scenarios. Decision Makers are responsible for 
making decisions about new products and services based on the available information and 
the market outcome.
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5.2 Requirements 

To build WIM, we first identified the requirements of an electronic trading platform like a 
stock exchange, conducted interviews with organizations and future users of this platform 
and, finally, made an extensive literature review to identify the remaining design factors 
of an IM. The main drivers of the requirements elicitation process were drawn from the 
Laboranova EU research project and were: SAP AG, Fiat, Bremen, Danfoss and the ESoCE-
Net Concurrent Enterprising Knowledge Community. [maybe add more details – how we 
elicited requirements?]. Furthermore for the categorization of non-functional requirements 
we follow the FURPS+ model used by the Unified Software Development Process (Jacobson 
et al., 1999). The FURPS+ model makes a distinction between non-functional requirements 
that are quality requirements and those that are constraints. For example, while usability, 
reliability, performance and supportability are quality requirements, implementation, 
interface, operations, packaging and legal requirements are constraints, also known as 
pseudo requirements.

We defined a total of 17 functional and non-functional requirements which are presented 
in Table 5-1. 

Table 5-1: WIM’s functional and non-functional requirements.

Functional Requirements

1 User Authentication The IM application should 
authenticate all users. The 
authentication credentials should 
provide access to the administrator’s 
or the trader’s actions.

2 Trading – Execution of buy and sell 
transactions

A trader wants to buy or sell idea-
stocks s/he believes will be a success 
and sell others that will not. The 
IM application should execute 
transactions between traders, or 
transactions between traders and the 
system itself in order to provide more 
liquidity. All transactions are recorded 
and stored for later reference.

3 Display the “activity” of idea-stocks The IM application should present all 
information regarding the “activity” 
of the idea-stocks. This functionality 
refers to the generation of graphs 
presenting the price fluctuation in 
time, the traded volume in time. 
Furthermore high and low trading 
prices should be presented as well.
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4 Selection of Ideas to be placed in the 
market

The IM application should be able 
to retrieve existing ideas which need 
evaluation, from an idea repository. 
The complete list of these ideas 
should be presented to the market 
administrator, who selects the ones to 
be placed in the market.

5 Define and manage system roles The IM application should be able 
to handle three system roles: 1) IM 
Administrators 2) Observers and 3) 
Traders. With respect to the above 
roles, the system should present the 
different functionalities.

•	 Administrators can configure 
a new market, end an existing 
market and evaluate the results 
of open or closed markets.

•	 Observers can see the output 
of a market but cannot create 
or edit system data.

•	 Traders have access to 
functionalities regarding 
selecting the interesting ideas 
and executing buy and sell 
bids on them.
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6 View market results A decision maker wants to harvest 
the wisdom of crowds. The IM 
application should generate the 
output and present the relevant data. 
Contracts should be ranked based 
on their VWAP value and several 
statistical data should be presented, 
including:

•	 Total Volume Traded / Time 
(chart)

•	 Volume Traded / Participant / 
Time

•	 Volume Traded / Idea / Time

•	 Idea Price Fluctuation / Time 
(chart) 

•	 Price of the last transaction

•	 Highest and Lowest Price of 
Each Contract

•	 Average Scores (e.g. 
Innovativeness, Technical 
Feasibility, Financial 
Feasibility, Business Potential, 
Strategic Fit with Existing 
Products)

•	 Value of Own Portfolio
7 Idea information retrieval A trader wants to view the stored 

information regarding a specific idea 
in order to comprehend it better. 
The system firstly presents such 
information, structured and filtered 
according to the trader’s profile. 
Furthermore it provides access to the 
complete information stored in the 
idea repository.

8 Calculate reputation of participants and 
display a “hall of fame”

As a means to provide incentives 
for traders to participate, the IM 
application should keep track of their 
performance. These results should 
be presented in the form of a list that 
contains the best traders.
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9 Assess independence, diversity and 
decentralization of participants based on 
user profiles and trading actions

As a means of evaluating the 
performance of the IM, indices 
regarding the independence, 
diversity and decentralization of the 
participants should be automatically 
computed by the IM application.

10 Allow evolution of contracts, 
submission of new contracts and 
feedback

The IM application should allow 
user feedback in terms of ranking, 
comments and questionnaires. 
Furthermore during market setup 
the administrators should be able to 
select whether traders will be able 
to enter new ideas or extensions - 
modifications to existing ideas.

Non-Functional Requirements – Quality 

1 Performance One major requirement is to 
efficiently execute transactions, 
i.e. buy and sell orders. Moreover, 
representation of the idea categories 
and ideas in the categories should be 
done in an efficient way. The user 
should not face any performance 
problems while navigating in the IM 
application.

2 Portability Another requirement of the IM 
application is to be easily deployed 
on standard servers without (as much 
as possible) requiring proprietary or 
difficult to configure software.

3 Extensibility The system should be able not only 
to support the already proposed 
market algorithms, but also to easily 
incorporate future research results in 
this area.
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4 Adaptability The IM application has to show 
high adaptability with regards to 
modifications and extensions of 
software engineering domain concepts 
and structures. Furthermore the 
IM application should be able to 
adapt to the specific requirements 
of different organisations in terms 
of data parameters (e.g. additional 
properties relevant to the description 
of contracts) and scenarios.

5 Flexibility Flexibility is the ability of the system 
to change its behaviour against 
various environment interactions. 
Flexibility – or configurability – is 
expected from many functions of the 
system and therefore involves many 
aspects..

With respect to the administrator a 
new market configuration should be as 
flexible as possible in order to allow 
the creation of markets according to 
her/his purpose. At least the following 
options should be available:

•	 Kind of feedback

•	 Evolution of ideas

•	 Submission of new ideas

•	 Set of ideas to be entered

•	 Set of users to be invited
Non-Functional Requirements – Constraints
1 Interface requirements The IM application should be easily 

configured.
2 Implementation All users should be able to access the 

IM application with a web browser 
supporting cookies, JavaScript and 
Adobe Flash.
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5.3 Use Cases

Figure 5-2 depicts our top level use case diagram and in the following sections we describe 
in details the requirements WIM had to incorporate.

WIM

Trade

Create markets

Manage markets

View results

Submit new contracts

View contract information

Manage users

Provide feedbackTrader

IM Administrator

IM Observer

<<extends>>

<<includes>>

Validate Access

Figure 5-2: WIM top level use case diagram.

5.3.1 Access Validation

The users of the system are authenticated by supplying their authentication credentials. 
Personal identifiers (username and password) are be allocated for every user. Depending 
on these identifiers, the system allows access to different functionalities for traders, for 
observers and for administrators.

User {trader/
administrator/

observer}

system

Login credentials

Index page

validate

The user navigates to the 
login screen and provides 
her/his login credentials

The system validates the login 
information and displays an 

index screen

Figure 5-3: Access validation basic flow.
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5.3.2 Market Creation

An administrator creates a new market. S/he selects the software features that are needed in 
order to match the scenario s/he wishes to run. 

User 
{administrator}

system

Create new market step 1

Submit basic information

The administrator decides to 
create a new market. S/he 
selects the create market 

option and 4-step process is 
initiated. 

In the first step basic market 
information is provided.

Create new market step 2

Retrieve contractsThe next step involves the 
contracts selection. The system 
retrieves the available contracts 

from the data repository. The 
administrator selects those to be 

included in the market. Submit selected ideas

Create new market step 3

Retrieve users
In the third step the users who 
will be granted access to the 

market are selected. 
The system presents a list of 
users and the administrator 

selects those who will 
participate. Submit selected users

Create new market step 4
The last step is about feedback. 
The available mechanisms are 
presented to the administrator 
and s/he selects the desired 

ones.
Submit selected feedback mechanisms

Create the marketThe system has all the needed 
information and creates the new 

market.

Figure 5-4: Market creation basic flow.

5.3.3 Markets Management

The administrator has complete control over the existing markets and can terminate those 
that run for a justifiable amount of time. S/he may also delete a market which will cause 
the removal of all the data concerning the chosen market from the system. With regard to 
running markets two or more idea-stocks can be selected and combined to one new.
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User 
{administrator}

system

Present CLOSED markets

Submit selected market

The administrator decides to 
delete a market from the 
system. S/he selects the 

manage markets option, s/he 
chooses the desired market 
and instructs the system to 

delete it. 

Only closed markets can be 
deleted. The system retrieves a 
list of them and presents it to the 

administrator.

Retrieve CLOSED markets

The administrator selects one 
and deletes it. Delete all information concerning

the selected market

Figure 5-5: Market deletion basic flow.

User 
{administrator}

system

Present OPEN markets

Submit selected market

The administrator decides to 
close a market. S/he selects 

the edit markets option, 
chooses the desired market 
and instructs the system to 

close it. 

Only open markets can be 
closed. The system retrieves  

them and presents them to the 
administrator.

Retrieve OPEN markets

Users are compensated based 
on the final valuation of the idea-

stocks. This can be either the 
final price of an idea-stock or 

entered manually by the 
administrator.

Calculate users’ reward and update 
their portfolios. Mark market as closed

Figure 5-6: Market ending basic flow.
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User 
{administrator}

system

Present open markets

Submit selected market

The administrator decides to 
combine two idea-stocks into 

one new

The system presents a list of the 
open markets. The administrator 

selects one.

Retrieve open markets

The system presents a list of the 
idea-stocks in the selected 
market. The administrator 

selects the two which will be 
combined. Furthermore s/he 

enters the value of the new stock 
and its description. 

Retrieve the idea-stocks of the 
selected market

Present idea-stocks

Submit the idea-stocks to be combined, 
the value and the description of the new stock

Figure 5-7: Futures-contracts merge basic flow.

5.3.4 Viewing market results

A decision maker wants to harvest the wisdom of crowds. The IM application generates the 
output and presents the relevant data. Contracts are ranked based on their VWAP value and 
several statistical data are presented which include:

•	 Total Volume Traded / Time (chart)

•	 Volume Traded / Participant / Time

•	 Volume Traded / Idea / Time

•	 Futures Contracts Price Fluctuation / Time (chart)

•	 Price of the last transaction

•	 Highest and Lowest Price of Each Contract

•	 Average Contract Scores
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User 
{administrator/

observer}

system

Present open and closed markets

Submit selected market

The administrator or the 
observer wishes to view the 

results of market

The system presents a list of the 
open and closed markets. The 

administrator selects one.

Retrieve open and closed markets

A list of the available results is 
presented: General information 

& feedback, a ranked list of 
contracts based on their VWAP 

value, trading history, 
assessment of users.

Retrieve general market information 
and user feedback

Present result options

View general information and feedback

Present results

The system retrieves and 
presents general information and 

the traders’ feedback.

View ranked list of contracts

Calculate the VWAP value of each contract 
using the transactions stored in the system.

Present results

The system calculates the 
VWAP value of each contract  in 
the market. A ranked list of them 

is presented to the user.

View trading history

Present trading history options

The user decides to review the 
trading history. S/he is presented 

with a list of options to select from: 
Total Volume Traded / Time, 

Volume Traded / Participant / Time, 
Volume Traded / Contract / Time, 
Contract Price Fluctuation / Time.

Select display option

Generate graphs based on the transactions 
stored in the system.

Present trading history

Figure 5-8: View market results basic flow.

5.3.5 New Contract Submission 

The market administrator wants to allow traders to provide new ideas and options in 
the form of contracts, or even enhancements to existing ones. The software supports the 
activation of this feature. Moreover it offers submission forms to allow the input of data 
related to these new contracts.
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User 
{trader}

system

New contract submission form

Present new contract submission form

A trader has a new idea and 
wishes to submit it in the 

system.

The system presents a form 
where the user can enter the 
information regarding her/his 

new idea.

The user submits the new 
contract and the system stores is 

in the data repository. Store newly entered contract

Submit new idea

Figure 5-9: Submission of new contracts basic flow.

5.3.6 Presenting Contract related information 

A trader wants to view the stored information regarding a specific contract in order to 
better comprehend it. The system firstly presents the title and description of the contract. 
Furthermore it provides access to the complete information stored in the data repository.

User 
{trader}

system
A trader wants to view the 

information stored for 
contract.

View contract description

Retrieve contract description

Display contract description

Before placing an ask or bid offer 
the trader wishes to view the 

contract information. The system 
retrieves it from the data 
repository and displays it. 

Figure 5-10: View contract information basic flow

5.3.7 Trading

A trader wants to buy or sell futures contracts. The system executes transactions between 
traders, or transactions between traders and the system itself, when a Market Maker is in 
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effect. All transactions are recorded and stored for later reference.

User 
{trader}

system

Active markets screen

Present active markets

A trader wants to buy or sell 
futures contracts.

S/he navigates to the active 
markets screen.

A list of the active markets is 
presented and the trader selects 

one.

Retrieve active markets to which 
the trader has been granted with 
Access rigths.

Selected market

Retrieve contracts in the
selected market.

Present contracts
A list of contracts is presented 

and the trader selects one. Selected contract

Retrieve contract and 
user portfolio information

Present contract information

The system presents contract 
information that includes:
Volume Traded / Time,

Contract Price Fluctuation / Time,
Price of the last transaction,
Highest and Lowest Price

Furthermore the trader’s play-
money available for trading are 

displayed.

View contract description

Retrieve contract description

Display idea description

Before placing an ask or bid offer 
the trader wishes to view the 

contract information. The system 
retrieves it from the ideas 
repository and displays it. 

Place offer

Execute transaction

The trader finally places a bid or 
ask offer. The system executes 
the transaction using the trading 
mechanism the market has been 

configured with.

Figure 5-11: Trading basic flow.

5.4 Functional Architecture

The functional architecture of the WIM system is presented in Figure 5-12. A three tier 
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architecture was followed which allowed the use of different tools to develop our system 
and furthermore rendered it easily expandable with new features.

 

User Interface

Trader’s view Administrator’s view

Business Logic

Market Engine Market Data 
Interface

Market & GUI  
Configuration

Market Data Handler

Data Repositories

Market data User access 
rights

Security M
odule

Authorize 
users/ Grant 
access rights

Trade Manage Portfolio Market data 
reporting

System 
configuration

Figure 5-12: WIM’s Architecture.

At the top level we place the modules that are relevant to the user interface. We distinguish 
the Administrator’s view, the Trader’s view and the Observer’s view according to the 
different roles that will have access to different functions of the system. The IM Business 
Logic exists in the middle layer of the system. We have placed here the core functions The 
market engine functions mainly handle trading actions and offer features mainly addressed 
to the administrator in order to assist him/her administer, analyse and assess the operation 
of the prediction market. The third layer comprises of the data repositories that are required 
for the prediction market operation. 
The functional requirements are directly mapped to the above architecture as depicted in 
Table 5-2.

Table 5-2: Mapping of WIM’s functional architecture to requirements.

Module Requirements addressed
Market Engine Trading

Manage portfolios
Market Data Interface View Market results

Display the activity of idea stocks
Export Information to other Laboranova 
applications
Allow evolution of Ideas, new ideas and 
feedback
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Market and GUI configuration Define and manage system roles
Customize views
Manage markets

Security module Validate access
Participants Assessor Assess independence, diversity and 

decentralization of participants based on 
user profiles and trading actions

In the following sections a detailed description of the functionality of each module is 
provided.

5.4.1 Market engine

This component comprises the core of WIM. It is responsible for executing buy and sell 
transactions that traders place. Currently the Continuous Double Auction (CDA) and the 
CDA with Market Maker (CDAwMM) trading algorithms are implemented. 

In the case of CDA, the system stores active orders in a table called the “book of orders”. 
When a trader places an order for a particular idea-contract, the system validates the order 
and performs an order matching with the information stored in the book of orders. If a 
match does occur the correct number of shares are bought or sold and the data is updated in 
the database. The active orders are scanned based on their price and timestamp. Depending 
on the type of transaction (buy/sell) the highest or the lowest opposite offers are prioritized. 
In case two entries have the same price, the first entered is preferred. The system accepts 
limit and market buy orders. The former are placed in the form: “Buy (or Sell) xx shares 
at yy price”. The system will match these bid (or ask) offers at the exact yy price or lower 
(respectively higher) when and if opposite offers are available.

When CDAwMM is in effect the book of orders is integrated with a Market Maker 
(MM). The system takes over this role and is always ready to accept buy and sell orders at a 
certain price acting as an “always there” buyer and seller. A price function inspired from the 
Zocalo6 open source tool  is utilized to simulate real life supply and demand conditions. The 
function follows a logarithmic rule that increases the MM’s price when many are buying 
(high demand) and decreases it when many are selling. A control parameter can adjust 
the market’s depth, which means that traders can buy more shares from the MM without 
causing massive price fluctuations. The original algorithm utilized a span of prices between 
0 and 1 so we scaled it from 0 to 100 in order to make trading more intuitive. Moreover 
we configured the system so that one market contains many makers, one for each idea-
contract since in the Zocalo implementation each contract constitutes a separate market and 
6 http://sourceforge.net/projects/zocalo
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therefore only one market maker was provided for each market.

When processing a new order, the system compares the best existing offer in the book of 
orders to the MM’s. If the MM’s price is no better than the book order, a trade with the book 
order is executed, otherwise the MM’s price is preferred. The imminent consequence of the 
MM is the increased liquidity of the market place. Depending on the market configuration, 
the CDA or the CDAwMM trading mechanisms may handle the transaction.

5.4.2 Market and GUI Configuration

This component handles the system settings. A new market can be setup by using a guided 
three step process during which the system asks for a number of configuration options. A 
high degree of flexibility has been added and the Market Administrator can configure a 
number of parameters: closing date, operating hours, ideas to be assigned to the market, 
users to be invited. The trading mechanism, the initial endowment of money and contracts 
to users can be selected as well. Furthermore the system is designed for gathering input and 
feedback from the participants therefore two specific features that support this need can be 
selected: 1) whether to allow submission of new ideas from traders and if these ideas will 
be automatically entered in the market or the administrator should review them and add 
them manually 2) whether traders will be able to provide feedback with respect to existing 
ideas. Available types of feedback are comments and rating based on a 5 point Likert scale 
for aspects of the idea the administrator considers important. 

Moreover this component contains the market closing function that marks the market as 
inactive and calculates the final portfolio of participants. The final value of the contracts for 
the calculation of the participants’ portfolios can be determined in two ways. Either using 
their final price or manually setting it. In the latter case the average of the opinions of an 
expert committee can be used to determine the value. In general the clearing mechanism in 
our markets is an issue of high importance. IMs need a well defined future event in order to 
provide best results. However, such a well defined future event is not applicable in IMs for 
ideas since not all ideas will be realized. If the final price of the stocks is used in the payoff 
function, participants may trade on contracts with a high price and not based on their beliefs 
and the information they hold. 

Having selected a market closing function, the total portfolio value results from the sum 
of the user’s play money and the value of the stocks in her/his ownership. 

5.4.3 Market Data Handler

This component is responsible for retrieving and storing data to the underlying RDBMS. 
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According to the role of a user the corresponding information can be read, written or deleted.

5.4.4 Market Data Interface

This component exposes market data as web services, so that other corporate applications 
may easily access them for further processing. The exposed data include the current ranking 
and portfolio value of traders and the current ranking of idea-contracts. Furthermore 
statistical data based on the information stored in WIM’s database are computed by this 
component. A set of this data is accessible by traders. These are the high and low price, the 
price of the last transaction and the price fluctuation in time and the transactions’ volume 
fluctuation in time. Market administrators have access to additional data which are volume 
traded/participant/time, average idea scores and ranking of ideas. Ranking is calculated 
based on the idea-contracts’ Volume Weighted Average Price (VWAP) (Lim and Coggins, 
2005) value.

VWAP can be calculated using a user defined subset of the trading actions e.g. the last 
60% of them. Using this approach, the preferences of traders are more accurately reflected 
since not only the price but also the volume of a trade conveys information about them.

5.4.5 Market Data Repository

This component persists market data, such as data about ideas and transactions performed. 
An important aspect for the system utilization is to how ideas are described. WIM provides 
a configurable set of attributes that can be used to describe ideas. The basic are ‘Title’ and 
‘Abstract’. These attributes allow traders to get a quick overview of ideas. Further attributes 
include ‘Type’, ‘Application Context’ which describe applicable industries (e.g. healthcare, 
utilities, etc) or department (e.g. marketing, logistics) or market (e.g. CRM, ERP etc) or 
operation (e.g. IT audit or production planning), ‘Technical Specifications’, a description 
of the ‘Problem Space’, potential ‘Relations’ to other ideas, ‘Additional Information’ and 
the current ‘Status’ of the idea. In order to provide equal chances to ideas competing in the 
market, the amount of information entered for each attribute must be in the same level. In 
this way ideas can be readily compared by traders.

5.4.6 Security Module and User Access Rights

This component controls user access (authentication function) and the pages that users have 
access to (authorization function). The market administrator can setup user groups. This 
function allows several markets to run in parallel. Each market has its own group of users.
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5.4.7 System Walkthrough 

In the following we provide a short system walk-through aiming to demonstrate how 
WIM supports the three generic scenarios outlined in section 5.1. Before presenting the 
walkthrough from the trader’s perspective, let us see which are the steps required by the 
administrator to set up the market environment. The Market Administrator logs in and sets 
up a new market and assigns traders. As shown in Figure 5-13, s/he selects the configuration 
options i.e. trading mechanism, whether idea submissions by traders are allowed and the type 
of feedback traders can provide besides their market transactions. Two trading mechanisms 
are supported, the Continuous Double Auction and the Continuous Double Auction with 
Market Maker which is based on the logarithmic market scoring rules described in section 
3.4.2. In terms of feedback the available options include comments and ratings. A list of 
predefined criteria are available, nonetheless administrators may create new according to 
their needs.

 
Figure 5-13: New market configuration options.

Once the market has been created traders may log in and place their orders. Assume that 
a trader enters the system and selects one of the available contracts. The trading screen 
appears which displays various information as depicted in Figure 5-14. The high, low and 
last trade prices are presented in section (1) of the screen. Graphs are used for the volume and 
price history, see section (2). Furthermore the trader can enter her/his offers in section (3). 
In section (4) the description of the contract is given. Once having reviewed the available 
information our trader can buy share of the contract if s/he believes will be successful or 
sell shares of the contracts if s/he believes it will fail, thus expressing her/his preferences.
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Figure 5-14:  Trading screen.
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Figure 5-15: New content submission in the context of innovation management,

When new content submission is allowed a link to a relevant form is activated (screen 1 
of Figure 5-15). The mandatory information for a new contract is limited in order to ease 
the submission, so the mandatory information includes a contract title, an abstract and a 
category which can be modified according to the application context. Screen 2 of Figure 
5-15 provides an indicative example in the context of innovation management where trader 
has entered a new idea and is ready to submit it. 

If the feedback option is activated, a hyperlink leads traders to the feedback page through 
which they can submit comments or ratings. Traders may access their portfolio where a list 
of the contracts they own is presented as depicted in Figure 5-16. Traders can also view 
their pending buy/sell offers and have the possibility to cancel them.
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Figure 5-16: Trader’s portfolio.

During market operation the administrator monitors the course of the market and views 
newly proposed contracts. Upon market closure, s/he accesses a ranked list of the ideas in 
the market based on the VWAP as shown Figure 5-17. Further, s/he can view any comments 
on ideas provided by traders.

Figure 5-17: Market output.

5.5 Development

WIM is a “thin-client” web application. The client side code is restricted to simple JavaScript 
for the evaluation of user input and flash animations for the visualization of markets and 
ideas. The client can store “stateful” data i.e. data can be kept at the client through the use 
of cookies. The client can also change its current state unexpectedly through the use of the 
browser “back” button and through the Goto bookmark mechanism. Implementation was 
based on four major architectural tiers: client, presentation, business logic and data.

Client tier

Most of the implementation in the client tier has already been accomplished with the use of 
standard Web browsers. 
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Presentation

This layer provides flexibility for end-user presentation technologies via loosely-coupled 
UI and application logic layers by design.

Business Logic

This tier is responsible for responding to client requests and preparing suitable HTML 
responses. 

Data Layer

This layer consists of the data repository and the relevant classes that handle the access to it. 

5.5.1 Technical Design

For the technical design of WIM we used the model – view – controller (MVC) pattern. The 
MVC pattern hinges on a clean separation of objects into one of three categories: models 
for maintaining data, views for displaying all or a portion of the data, and controllers for 
handling events that affect the model or view(s). The MVC abstraction can be graphically 
represented as shown in Figure 5-18.

Events typically cause a controller to change a model, or view, or both. Whenever a 
controller changes a model’s data or properties, all dependent views are automatically 
updated. Similarly, whenever a controller changes a view, for example, by revealing areas 
that were previously hidden, the view gets data from the underlying model to refresh itself.

Our controller objects are responsible for generating the views for the users of our system 
and for implementing the business logic. The model classes in WIM provide an abstraction 
of the market world to the software.
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Model
-Encapsulates application state
-Responds to state  queries
-Exposes application 
functionality
-Notifies views of changes

Controller
-Defines application behavior
-Maps user actions to model 

updates
-Selects view for response

--One for each functionality

View

-Renders the models
-Sends user gestures to 
controller
-Allows controller to select view

State change
Change 
notification

State query

View selection

User gestures

Method invocations

Events

Figure 5-18: The Model-View-Controller Architecture7 

5.5.2 Implementation choices

For the development of the software we chose web 2.0 technologies that allowed us to 
remove excessive implementation effort and concentrate on the business logic of the system. 
Furthermore understandable and easily expandable code was one major requirement. The 
above lead us to the Ruby on Rails (RoR, www.rubyonrails.org) web application framework 
which is based on the ruby programming language. RoR can be used with a variety of web 
servers but we chose the well-known apache web server (www.apache.org) as it is widely 
accepted and already used by many corporations. For the data storage MySQL RDBMS is 
used although ruby supports many other RDBMSs as well. Latest development progress 
allows to deploying RoR applications in the Tomcat servlet container using JRuby. This 
means that any Ruby based application can be integrated with Java applications, providing 
even more capabilities in the future. 

5.6 Evaluation

WIM is the platform used to address the research questions of this thesis in a series of 
experiments and real-life cases. In parallel with our experiments we executed an evaluation 
of the system in order to roughly assess its usability and the ability of the implemented 

7 http://java.sun.com/blueprints/guidelines/designing_enterprise_applications_2e/app-
arch/app-arch2.html
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trading algorithms and other mechanisms to support users’ preferences aggregation under 
realistic conditions. Furthermore participants were asked to provide their assessment of the 
IM methodology. 

As we will describe in Chapter 6, a total of 60 post-graduate students used an instance of 
WIM configured to act as a platform for idea management. Participants could submit new 
contracts that represented ideas and at the same time express their preferences by investing 
on idea-contracts. Our subjects evaluated the system by filling a questionnaire distributed to 
them upon the end of the experiments. As depicted in Figure 5-19, participants found the use 
of WIM fairly interesting (65%) on a 5 point Likert scale while most of them (68%) would 
be willing to use the system in the future. With respect to the perceived usefulness of WIM, 
80% of the participants agreed or highly agreed that the software is a useful alternative to 
aggregate ideas and preferences. It is also important to mention that participation was found 
to be not time consuming. Furthermore the transitions between the various screens were 
found to be easy enough (80% provided positive feedback) and the new idea submission 
procedure was considered easy to follow (74,1%). The process of trading was found to be 
quite understandable (37% agreed), but the fact that 50% of participants neither agreed or 
disagreed led us to re-design certain aspects of the process towards its simplification.
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Figure 5-19: Participants’ Answers.

5.7 Related Work

There are three categories of software applications implementing IMs: 1) those that are 
being sold as complete solutions 2) those that are offered as online services and 3) open 
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source software. Representatives of the first category are Hollywood Stock eXchange 
(www.hsx.com), InTrade (www.intrade.com) and ConsensusPoint (www.consensuspoint.
com). They offer their software to companies in order to run internal IMs. In the second 
category we have Inklingmarkets (www.inklingmarkets.com). Users may create an account 
and build their markets through a web-based configuration panel. Regarding open source 
software, to our knowledge four tools are available: 

•	 Zocalo (http://sourceforge.net/projects/zocalo)

•	 Freemarket (http://www.freemarket-project.org)

•	 Jmarkets (http://jmarkets.ssel.caltech.edu) 

•	 IdeaFutures (http://sourceforge.net/project/showfiles.php?group_id=134782)

All of the open source tools are web based and their purpose is to provide a platform 
for experimenting with IMs. Except for Zocalo, the other software tools implement the 
continuous double auction mechanism. These tools are optimized for predicting future 
events with a well specified outcome, while user involvement besides trading is limited. 
We note that IdeaFutures and Freemarket offer the possibility for traders to propose new 
contracts which are “judged” by the administrator who can introduce them in the market 
later on. 

WIM’s difference to the above tools is threefold. First, it supports user feedback by 
allowing new idea-contracts submission, rating of the idea-contracts already in the system 
and commenting. Second, it confronts the uncertainty of the underlying event by offering an 
expert based valuation of the contracts. Third, it ranks ideas based on the volume weighted 
average price, which aggregates traders’ preferences better than the market price as it takes 
into consideration number of transactions, and therefore ideas attractiveness, as well. Table 
5-3 presents a comparative analysis of the aforementioned tools including our proposed 
system, WIM. 
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Chapter 6

The Role of Facilitator in 
Preference Markets

In this Chapter we explore the role of facilitator in preference markets. We define the 
concept of market facilitation that determines different levels of restrictiveness regarding 

the introduction of new content in the market and hypothesize that the quantity and quality 
of the generated content is affected by the different levels of restrictiveness. In order to test 
our hypotheses we design and run three experiments with post-graduate. Our results are 
presented at the last section of the Chapter.

6.1 Problem Statement

Group facilitation is classified into two major types: process facilitation and content 
facilitation (Khalifa et al., 2002; Miranda & Bostrom, 1999; Dennis & Wixom, 2002). 
Process facilitation refers to the procedural intervention by a facilitator in the structuring of 
group processes, often taking the form of guiding the use of related tools. On the other hand, 
content facilitation involves direct intervention in the content to improve the quality of 
contributions (Zorn & Rosenfeld, 1989). Content facilitation is usually limited to providing 
guidance and feedback on the content shared within the group (Khalifa & Liu, 2008). 
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With IMs, facilitation is extended to the validation by the market of the content 
of new ideas and ideas enhancements, giving rise to a new dimension of facilitation – 
which we call market facilitation. As the market evolves, participants suggest new ideas 
and enhancements to existing ideas. Some of them may be irrelevant, of inappropriate 
quality, or superfluous. The literature reports mixed results on the desirable level of content 
facilitation restrictiveness, varying across contexts (Khalifa et al., 2002; Khalifa & Liu, 
2008). As different contexts may require different levels of content facilitation (e.g. high 
restrictiveness for decision making; low restrictiveness for idea generation) they may also 
require different levels of market facilitation.

The introduction of new ideas to the market can be determined at different levels of 
restrictiveness (see also Figure 6-1). These reflect the form of interventionism and range 
from the ability to formulate alternative ideas without modifying the proposed idea to the 
formal rejection or acceptance of the proposed idea, by a group of facilitators or a single 
facilitator. The least restrictive conceptual facilitation allows complete freedom for the 
participants to add ideas (which we call the “anarchist mode” similar to Khalifa & Liu 
(2008)). The newly added ideas are therefore automatically accepted. The other participants 
can simply express their comments or propose alternative ideas that will compete in the 
market against the original proposal. The moderate level (which we call the “democratic 
mode”) of restrictiveness allows participants collectively to decide through an Initial 
Public Offering (IPO) process: newly proposed ideas undergo a phase during which traders 
submit buy offers, thereby expressing their interest. In real stock markets this process is 
also referred as a “public offering” or “flotation” and denotes the time a company issues 
common stock or shares to the public for the first time (see Ibbotson et al. (1988)). An IPO 
is used to raise capital for future growth as the money paid by investors goes directly to the 
company. 

In our case, we use the IPO process to enable participants to express their interest in a 
new idea. Ideas that reach a ‘demand threshold’ with respect to the value and number of buy 
offers are imported into the market. The IPO threshold is determined at the creation of the 
market. The ideas traded in the market are therefore decided collectively by all participants. 

At the highest level of conceptual facilitation restrictiveness (which we call the 
“authoritarian mode”), the acceptance of newly created ideas is under the full control of a 
single market facilitator. In this case, participants must convince the facilitator of the value 
of the proposed idea, which otherwise may be rejected. The organization of the market is 
therefore entirely decided by the facilitator.
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Participant has 
a new idea

Idea Creation Market Facilitation Idea Evaluation

Anarchic mode

Democratic mode
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contract 
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Participants invest on 

the idea-contracts 
they prefer

The creator of the idea 
receives extra 20 shares 

of the idea-contract

Figure 6-1: Market faciliation configurations.

6.2 Hypotheses 

The forms of conceptual facilitation restrictiveness described earlier correspond to different 
levels of restrictiveness ranging from low through moderate to high, each presenting 
advantages and limitations. When the form of conceptual facilitation involves a single 
facilitator (which may also be a team of experts) imposing a specific mental model to the 
output of the ideas generation phase (the authoritarian mode), the level of restrictiveness 
is high. High restrictiveness could enhance focus and provide direction, but would enforce 
the view of a particular facilitator, thereby constraining creativity. When the participants 
collectively decide on the ideas to be introduced to the market (the democratic mode), the 
level of restrictiveness is moderate. This form of conceptual facilitation may favour the 
selection of ideas emerging from consensus. When neither a facilitator nor the participants 
can accept or reject a proposed idea (the anarchist mode), the level of restrictiveness is the 
lowest. Low restrictiveness allows large quantities of ideas to be generated, but with the 
risk of compromising efficiency and quality.

Previous studies suggest that the effect of facilitation restrictiveness level differs across 
contexts. For example, the effects of process restrictiveness on discussion outcomes 
are reported as positive for decision-making (Wheeler & Valacish, 1997), but negative 
for knowledge sharing (Khalifa et al., 2002). In the context of ideas generation, content 
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facilitation is often shown to have little or no influence (Khalifa et al., 2002). The 
significance of its effect, however, may vary a great deal depending on the quality and 
currency of the facilitator’s contributions. On the other hand, process facilitation may 
favour the acquisition of more ideas when it is less restrictive. This result is supported by 
the brainstorming theory, which asserts that individual freedom should be allowed in the 
way ideas are acquired (Paulus et al., 2002). We argue that the same rationale applies to 
market facilitation restrictiveness as well. Therefore, we hypothesize that:

H6-1: Market facilitation restrictiveness is positively related to the quality of 
ideas acquired by participants.

H6-2: Market facilitation restrictiveness is negatively related to the number 
of ideas acquired by participants.

6.3 Experiments Design 

Our research framework was validated in a laboratory experiment involving 60 senior 
students enrolled in a graduate business administration program. All subjects took part on a 
voluntary basis. The 60 subjects were randomly assigned to three experimental groups, with 
an equal group size of 20 each. The background of participants in terms of their educational 
level and industry experience was the same in all groups. The processing of participants’ 
curriculum vitae showed that all of them held a university degree and had an average of 
three years work experience. The subjects were asked to assume they were employees of a 
venture capital firm and about to decide on an investment in one of various alternative Web 
tools and applications. 

The subjects were not familiar with the use of IMs, although most had a basic knowledge 
of how stock exchanges operate. We conducted an introductory session for two hours where 
the main concepts of IMs were explained. Furthermore all groups used a version of WIM 
optimized for idea management, so during the session we reserved time for our subjects to 
familiarize with the software and resolved open questions they had. To alleviate possible 
evaluation apprehension effects, participant contribution was anonymous. Participation 
was motivated by remuneration; a prize was given to the winner of each experiment group.

WIM has been developed to explicitly support the specific requirements of innovation 
processes, for example, it allows participants to enter new ideas and it supports different 
levels (or modes) of facilitations restrictiveness. Markets were continuously open for three 
weeks and each trader was initially allocated 10,000 imaginary monetary units. In addition 
to trading, subjects were also allowed to introduce new ideas. The starting trading price 
of all new ideas was set at 50 imaginary monetary units and the initial traders’ portfolios 
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included 50 shares of each idea. 

New ideas could be submitted by participants; ideas remained temporary until 
finally validated based on one of the three possible modes of market facilitation: (1) the 
anarchist mode, with the lowest restrictiveness; (2) the democratic mode, with moderate 
restrictiveness; and (3) the authoritarian mode, with the highest restrictiveness. For the 
anarchist group, ideas contributed by the subjects were automatically accepted. For the 
democratic group, ideas were collectively validated by means of an Initial Public Offering 
process; if an idea attracted buy offers of total value higher than 500 play money units in a 
period of four days, it was accepted. Finally, for the authoritarian group, the acceptance of 
newly created concepts and propositions was fully restricted by two appointed experts. In 
this case the rejected ideas were not visible to group members.

The experimental groups were randomly assigned to use one of the three facilitation 
modes. We tried to keep similar prize allocation rules across the three treatments to minimize 
possible impact on our experiment. The winner of each session was the participant who had 
the highest portfolio value at market closure. Final values of contracts were calculated 
based on idea ratings provided by two appointed experts. A bonus of 20 shares of each idea 
a participant proposed was given to the same participant to reward ideas generation. 

Each market was initially populated with 6 ideas (the Yahoo Answers - answers.yahoo.
com -, the LinkedIn - www.linkedin.com -, the Feeds2 - www.feeds2.com -, the MyFilmz 
- myfilmz.net -, the Ta-Da Lists - www.tadalist.com - and the ToEat.com - www.toeat.com 
-) acting as an initial seed so that our subjects could understand the kind of ideas relevant 
to the problem space. Table 6-1 summarizes the key design aspects of our experimental 
markets.

Table 6-1: Key design aspects of our experimental markets.

Research Question What is the role of facilitator in information markets?
Context of 
experiments

Innovation - three controlled experiments with post-
graduate students were executed with varying facilitation 
restrictiveness

Software WIM
Contracts A total of 108 new ideas proposed by the participants
Participants 60 in total, divided to three groups of 20 participants each
Duration 7th of June to 2nd of July 2007
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6.4 Operationalization of dependent variables

Measures of creativity are key concepts in studies associated with ideas generation and 
creativity support tools (Dean et al., 2006). Most of these studies are controlled laboratory 
experiments in which the effectiveness of a tool, process or method is judged on the basis 
of ideas produced during ideas generation. Dependent variables that are used as criteria 
for defining creativity in ideas generation are the quantity and quality of ideas (Dean et al., 
2006). Although the quantity of ideas is a straightforward quantitative measure typically 
considered objective and widely used as a dependent variable in ideas generation research 
(Couger, 1995; Ackoff & Vergara, 1981, Hanh & Tetlock, 2006), several methods for 
identifying the quality of ideas have been proposed. The creative quality of ideas can be 
categorized into novelty-based methods that measure the creativity level (Hender et al., 
2001) and multi-attribute methods that also measure the style of creativity (Dean et al., 
2006).

In novelty-based methods, ideas that are novel, referred to as original or rare, are 
considered creative regardless of whether they are applicable, effective, or feasible. In 
multi-attribute methods, ideas must not only be novel but they should have other qualities 
as well. For example, Plucker et al. (2004) suggest that creative ideas have two dimensions: 
novelty and usefulness. In another study, MacCrimmon and Wagner (1994) considered 
the originality of ideas expressed through novelty and non-obviousness – an idea that 
was previously unknown even to experts in the field. They also built usefulness-related 
dimensions and considered the relevance of ideas, i.e. the degree to which the idea actually 
applies to the specific problem domain; its workability, i.e. capability of implementation; 
and thoroughness of description, i.e. the extent to which ideas are described.

Dormann and Lindgaard (2004) propose a fourfold categorization of creativity 
criteria: (1) fluency (or quantity); (2) the level of variety in the ideas generation session; 
(3) innovativeness; and (4) usefulness of the generated ideas. Idea fluency refers to an 
individual’s ability to generate a number of different ideas in response to a specific decision 
task (Guilford, 1968) and refers to the number of ideas generated. Variety indicates the 
scope of the idea space; it is used to determine differences between ideas. Innovativeness 
refers to novelty or originality of ideas. Usefulness refers to implementation aspects of 
ideas (including feasibility, easiness of implementation, time to market, etc). 

In our study we follow a novelty-based approach in which, besides quantity (fluency) 
of ideas, we focus on measuring the creativity qualities of ideas albeit not their usefulness. 
It can be argued that usefulness is not an appropriate measure for the fuzzy front-end of 
innovation. Although in practice firms must eventually be able to implement creative 



Chapter  6

125

ideas, at the fuzzy front-end of innovation ideas are still premature and nascent. Measuring 
usefulness of ideas at this stage may be inappropriate, as it could inhibit creativity. 

Based on the aforementioned categorization, the first variable we measure is idea 
fluency. We measured idea fluency from the quantity of proposed ideas per participant. 
Ideas generated by participants were identifiable by means of the associated user ID. An 
evaluation scheme for measuring the quality of ideas was developed based on the work of 
Hender et al. (2001), focusing on the variety and innovativeness of ideas. For our research, 
we deconstructed ideas creativity into the following sub-dimensions: 

•	 Paradigm relatedness: the degree to which an idea preserves or modifies a paradigm. 
This measure expresses the degree of variety of ideas.

•	 Originality: an idea is original if no one has expressed it before. This measure 
expresses the innovativeness of ideas.

In order to determine the creative quality of ideas, each of them was scored independently 
by two experts (professionals in the IT area) using 5-point Likert scales on the above 
dimensions where 1 denoted a high degree of paradigm relatedness and low originality 
respectively whereas 5 denoted a low degree of paradigm relatedness and high originality. In 
order to calibrate the opinions of these raters, they first scored a sample of ideas; correlations 
were obtained using Pearson’s correlation coefficient. Differences were discussed and the 
descriptions of sub-dimensions refined. Sub-dimension scores were derived by taking an 
average of the two raters’ scores. Scores for creativity were calculated by aggregating the 
sub-dimensions and standardized on a scale of 1–5. The process was repeated three times 
when the inter-rater reliability was found sufficient: that is, greater than 0.7.

Total creativity scores for each participant were calculated by totalling the creativity 
scores for each idea generated by that person. Average creativity scores for each participant 
were calculated by dividing the total creativity score according to the number of ideas 
generated by that person. Since total creativity is correlated with quantity, and quantity 
itself was a dependent variable, average creativity was used as the creativity measure.

6.5 Results & Discussion

The descriptive statistics of our variables are reported in Table 6-2. The mean and standard 
deviation indicate the central tendency and dispersion of the proposed ideas, respectively, 
within each group. Note that we do not count the proposed ideas rejected by our experts in 
the authoritarian scenario or by the market itself in the democratic scenario. Regarding the 
quality of ideas, the mean and standard deviation refer to the aggregated scores each idea 
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received on our creativity dimensions.

One-way ANOVA was used to test for significant differences between the three groups 
with regard to the number of generated ideas. Assumptions for ANOVA were verified, 
including normality and the homogeneity of variances, as indicated by the Levene test 
(Levin, 1999). As illustrated in Table 6-3, the F-tests detected some effects of the treatment 
on all dependent variables at the 99% level (p <0.05): F = 17.2. These results demonstrate 
that the model is significant, hence enabling the applicability of multiple comparisons for 
mean differences.

The cross-experimental group comparison, presented in Table 6-4, suggests that the 
differences are significant and, by taking into consideration that the mean of the quality of 
ideas in the authoritarian group is the highest while in the anarchic group it is the lowest, 
we conclude that the quality of ideas decreases when the market facilitation restrictiveness 
is looser, as stated in H6-1.

The effects of our treatment on the quantity of ideas were compared by conducting a 
Bonferroni test (Klockars & Gilbert, 1986) that examines the mean score differences of the 
three experimental groups, involving different levels of market facilitation restrictiveness. 
The results presented in   Table 6-5 indicate that the anarchist and democratic groups yield 
significantly higher quantities of ideas (p = 0.04) than the authoritarian group, while the 
anarchic group provides significantly more ideas than the democratic in alignment with 
H6-2.

The level of market facilitation restrictiveness was found to affect the number and the 
quality of ideas acquired and the largest number of ideas was acquired by the anarchic 
group. This result can be attributed to the fact that participants refine their ideas before 
submitting them when knowing that the process is more restrictive. In the anarchic group, 
that in our case resembled electronic brainstorming, any idea is accepted therefore subjects 
can propose any idea and maybe less creative ones in proportion. However, in the cases of 
democratic and dictatorial groups, subjects know that only the most creative ideas will be 
accepted and consequently they propose the ones they consider as creative. The outcome is 
less ideas of higher quality.

Our research is not, however, without limitations. We randomly assigned participants in 
groups based on the fact that they all had similar professional experience and education. 
Nonetheless the individual creativity potential was not measured and consequently the per 
group creativity level was not controlled as such.  Furthermore the diversity of participants 
was low as they all had similar educational background and working experience which 
may have resulted in less interdisciplinary ideas. As far as the assessment of the quality of 
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ideas is concerned, we employed two IT professionals which means that the results depend 
highly on their ability to judge what is creative or not. Consequently unforeseen bias may 
have been introduced.

A theoretical implication of our study is the establishment of a new dimension of 
facilitation restrictiveness, i.e., market facilitation restrictiveness, highlighting its role in the 
context of IMs for idea management. To our knowledge, market facilitation restrictiveness 
has never been considered in prior studies of IMs. Our results lay the ground for a new 
research stream and future work needs to investigate new modes and settings of market 
facilitation restrictiveness. More specifically, the fine-tuning of the democratic scenario 
where participants collectively determine the set of new ideas needs to be studied. Although 
we used the IPO process, other methods can be applied such as voting methods. Moreover, 
tackling the problem of getting a consensus group ranking from all users’ trading data is 
an issue worthy of further attention. Similarly to real life markets, in IMs traders can affect 
prices as much as their portfolios permit. Losing this capability due to lack of cash or 
contracts, does not mean that they agree with the current ranking of ideas. Future research 
should investigate the development of consensus measurement approaches for IMs in 
which conflicting items that need further negotiation are accounted for. 

Our findings have implications for innovation managers considering the application of 
IMs for preference aggregation. In cases where quality of generated ideas is a consideration, 
the authoritarian mode of IMs is the most appropriate approach, although it poses limitations 
that could render it impractical, requiring the constant availability of experts to monitor the 
market and screen ideas. The democratic mode of IMs is also able to yield large number of 
ideas of similar quality to the authoritarian mode. Moreover, the democratic mode is easy 
to implement because it does not require the presence of a human facilitator.

Table 6-2: Descriptive Statistics.

                          Quantity

Groups           

Number of ideas Mean number 
of ideas per 
participant

Standard 
Deviation

•	 Anarchic 49 2,45 0,611
•	 Democratic 35 1,75 0,733
•	 Authoritarian 24 1,20 0,418

                          Quality

Groups

Number of ideas Mean quality score 
per participant

Standard 
Deviation

•	 Anarchic 49 3,5 0,94
•	 Democratic 35 4,7 0,59
•	 Authoritarian 24 5,9 0,73



The Role of Facilitator in Preference Markets

128

Ta
bl

e 
6-

3:
 A

N
O

VA
 re

su
lts

 o
n 

th
e 

qu
an

tit
y 

of
 id

ea
s.

D
F 

(b
et

w
ee

n 
gr

ou
ps

)
D

F 
(b

et
w

ee
n 

su
bj

ec
ts

)
F 

ra
tio

Si
gn

ifi
ca

nc
e 

(p
)

Q
ua

nt
ity

 o
f i

de
as

3
76

17
,2

0,
01

Ta
bl

e 
6-

4:
 M

an
n-

W
hi

tn
ey

 U
 T

es
t a

na
ly

si
s o

f t
he

 q
ua

lit
y 

of
 id

ea
s (

w
ith

in
-e

xp
er

im
en

ta
l g

ro
up

 c
om

pa
ris

on
).

Tr
ea

tm
en

t 1
Tr

ea
tm

en
t 2

U
 S

ta
tis

tic
Si

gn
ifi

ca
nc

e 
(p

)

Q
ua

lit
y 

of
 id

ea
s

A
na

rc
hi

c 
   

   
   

   
 v

s.
A

ut
ho

rit
ar

ia
n 

70
,0

0,
00

0
A

na
rc

hi
c 

   
   

   
   

 v
s. 

D
em

oc
ra

tic
11

0,
5

0,
00

8
D

em
oc

ra
tic

   
   

   
 v

s. 
A

ut
ho

rit
ar

ia
n 

12
4,

5
0,

02
9

Ta
bl

e 
6-

5:
 M

ea
n 

di
ffe

re
nc

es
 o

f t
he

 q
ua

nt
ity

 o
f i

de
as

 (c
ro

ss
-e

xp
er

im
en

ta
l g

ro
up

 c
om

pa
ris

on
) b

as
ed

 o
n 

th
e 

B
on

fe
rr

on
i t

es
t.

M
ar

ke
t f

ac
ili

ta
tio

n 
re

st
ric

tiv
en

es
s m

od
e

(i)
 

   
   

   
   

   
   

   
   

   
   

   
   

  (
ii)

M
ea

n 
di

ffe
re

nc
e (

i) 
– 

(ii
)

St
an

da
rd

 e
rr

or
3

Si
gn

ifi
ca

nc
e 

(p
)

Q
ua

nt
ity

 
of

 
id

ea
s

A
na

rc
hi

c 
A

ut
ho

rit
ar

ia
n

1,
25

0
0,

19
8

0,
00

0
A

na
rc

hi
c

D
em

oc
ra

tic
0,

70
0

0,
19

8
0,

04
0

D
em

oc
ra

tic
A

ut
ho

rit
ar

ia
n

0,
55

0
0,

19
8

0,
04

1



129

7
7

Chapter 7

The Performance of 
Preference Markets in 
Innovation Processes

This Chapter presents a comparison of preference markets to electronic brainstorming 
in the domain of idea management. Furthermore we report on two real-life cases where 

we deployed preference markets in order to identify their performance in real settings; one 
at SAP A.G. and another at in cooperation with the Laval Living Lab.

7.1 Problem Statement

The successful implementation of a (creative) idea, which may be expressed in the form 
of knowledge, practice, or a physical object, is considered an innovation (Rogers, 1995; 
Cooper, 1985). The innovation lifecycle extends from the initial conception of an idea to the 
full production and market launch of a product. Innovation processes within this lifecycle 
include the preliminary screening of ideas, assessment of their feasibility, development of 
a business case, and the formation and execution of a new project, including testing and 
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validation (Cooper, 1985; Cooper, 1992; Cooper, 1994).

Idea management can be defined as the process of recognizing the need for ideas, 
generating and evaluating them (Vandenbosch & Saatcioglu, 2006). As ideas constitute the 
raw material for innovation, idea management can be considered the core of innovation 
management and is positioned at the “fuzzy front-end” of innovation. “Fuzzy front-end” is 
a term first popularized by Smith and Reinertsen (1998) and is considered to be the earliest 
stage of the innovation process (Koen et al., 2002). In short, it is meant to denote all time 
and activity spent on an idea prior to the first official group meeting to discuss it – ‘‘the 
start date of team alignment” (Reid & Brentani, 2004). Activities of the fuzzy front-end 
are considered to include idea generation, concept development (Cooper, 1990; Urban & 
Hauser, 1993), continuous information collection, and informal evaluation of ideas, i.e. 
pre-screening (Crawford, 1980).

A variety of methods and tools facilitate idea management activities by providing 
support for divergent thinking, which enables the collection and development of ideas 
from various sources, and for convergent thinking, which serves the purpose of gathering 
information in order to evaluate and screen the generated ideas (Riederer et al., 2005; 
Rangaswamy & Lilien, 1997). Divergent thinking is supported by creative techniques such 
as brainstorming (Osborn, 1957), attribute listing and morphological analysis (VanGundy, 
1988), and the forced relationships method (Mendell, 1974), which are used to stimulate 
individuals or groups to generate a flow of ideas while simultaneously overcoming internal 
barriers (Riederer et al., 2005). Convergent methods range from the rigorous, which rely on 
decision theories, to the practical, which can be readily deployed by inexperienced users. 
Typical examples of the first category are Multiple Attribute Utility Theory (e.g., Analytical 
Hierarchy Process (Saaty, 1980) and the Conjoint Analysis (Green & Srinivasan, 1978) and 
Outranking methods (e.g. ELECTRE family and PROMETHEE (Figueira et al., 2005)). 
A typical example of the second category is SWOT analysis, which provides a listing of 
perceived Strengths, Weaknesses, Opportunities, and Threats of alternative ideas.

Recently, IMs have begun to establish a position among the methods facilitating idea 
management (see Spann & Skiera, 2003; Chan et al., 2002; Skiera & Spann, 2004). At 
least two experiments have been conducted in corporate environment with IMs for idea 
management: one in General Electric (LaComb et al., 2007) and another in a large German 
B2B company (Soukhoroukova et al., 2007). Both were successful and yielded encouraging 
results. In both experiments, IMs managed to attract a fairly high number of participants 
across several departments, enabling incorporation of the majority opinion in the final 
result.

In such markets ideas are represented and traded as futures contracts. The interest of 
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participants in an idea ultimately determines its contract value and reflects its potential for 
success. Early results are promising as they show that IMs, with proper design, can support 
ideas generation and evaluation (LaComb et al., 2007; Soukhoroukova et al., 2007). IMs 
can foster the participation of many employees and bring together cross-functional teams 
with diverse occupational and intellectual backgrounds, thus increasing the likelihood 
of combining knowledge in novel ways (LaComb et al., 2007); past research (Brown & 
Eisenhardt, 1995; Balachandra & Friar, 1997) has shown that these conditions positively 
influence the quality of new ideas. In such teams, the amount and variety of information 
available to members is increased, enabling the creation and consequent evaluation of 
different ideas from different perspectives. 

Creativity in IMs is based on proven guidelines similar to those followed in brainstorming 
sessions. Freewheeling is welcomed and participants are urged to proposed wild and unusual 
ideas and quantity is wanted as the greater the number of ideas the greater the likelihood of 
useful ideas. Also combination and improvement are sought as new ideas can be generated 
by utilizing or combining others.

7.2 Control Experiment

7.2.1 Hypotheses 

Since the surfacing of innovation as a key enabler of companies’ sustainable development 
numerous creativity techniques have been proposed for corporate use. For example in 
Hermann (1996), 77 techniques are mentioned whereas Michalko (1991) describes 34. 
These techniques vary from incremental ones that are likely to offer options which can 
be evaluated and may be applicable more or less directly to those utilising provocation 
and remote analogies that potentially offer more novelty but require more skills from the 
thinker to produce such ideas (Ross, 2006).

Proposed classifications of these techniques are based on the working and idea 
triggering principles and the metaphorical distance that they take the thinking away from 
the problem and the number of steps involved in creating the idea. McFadzean (1998) 
and Nagasundaram & Bostrom (1995) creativity techniques are classified into paradigm 
preserving and paradigm stretching/ breaking techniques. The former include analytically-
oriented techniques such as brainstorming, the Delphi method and quality circles that do 
not necessarily encourage participants to step out of their mindset. The latter rest on the 
concept that by looking at the problem from a variety of perspectives and by breaking 
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old mind patterns creativity can be enhanced. Techniques of this category include remote 
analogies (Ross, 2006) and synectics (Gordon, 1961).

The above classification suggests that the selection of a creativity technique depends on 
the synthesis of the participants’ group. As explained in Ross (2006) paradigm preserving 
techniques are much easier for participants and facilitators to learn and can be useful 
when contributions from larger groups are needed. On the other hand, paradigm breaking 
techniques posit experienced groups and facilitators. 

We chose to compare IMs with brainstorming since they both fall into the same class of 
creativity techniques. Both are paradigm preserving techniques and easy for participants 
to learn. Specifically, we compare IMs with asynchronous electronic brainstorming tools 
because they are directly comparable as they both allow participants to participate at different 
times and from different physical locations using their computers. Furthermore we chose 
brainstorming as our benchmark because it is one of the most known tools for creative 
thinking (Fernald & Nickolenko, 1993; Stein, 1975) and in practice, it is widely used by 
companies. Nijssen and Lieshout (1995) investigate techniques used in the idea generation 
process of companies and perform a quantitative survey that shows a great acceptance 
of brainstorming among the other techniques: 60% of the respondents use brainstorming 
compared to a less than 10% usage of techniques such as Delphi and synectics. Similar 
results are reported in the more recent study (Nijssen & Frambach, 2000) which identifies 
brainstorming as the technique most widely used. 

Given any creativity technique, creativity is influenced by a variety of social, cultural, 
and even historical factors Dennis & Wixom, 2002; Amabile & Tige, 1993; Couger, 1995). 
In particular, factors such as individual ability, the nature of the decision and the amount 
of training can affect creative performance (Elam & Mead, 1990; Evans, 1991; Torrance, 
1998). The comparison of IMs with brainstorming is done on the basis of the following 
factors: anonymity, complexity of idea suggestion process, reward, group diversity, notion 
of ‘play’ in the process, and feedback.

One issue generally recognized as a performance blocker in idea generation sessions 
is evaluation apprehension, i.e. the fear of peer group assessment. People are reluctant 
to present ideas of low quality if they risk losing face in front of their colleagues 
(Miranda & Bostrom, 1999; Nagasundaram & Bostrom, 1995). Instead, it is common for 
group members to keep potentially revolutionary ideas for themselves, thus missing an 
opportunity for organizational benefit. Such situations result to fewer ideas being proposed 
and of lower quality. The use of anonymity in idea generation sessions has been proven 
to solve this problem (Connolly et al., 1990). In IMs, preserving anonymity has been key 
in all experiments conducted to date, including ours. Participants use a nickname to be 
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referenced in the system, rendering ideas submission anonymous. Similar approaches are 
employed in electronic brainstorming sessions (Connolly, 1990).

The complexity of the idea suggestion process is another factor that can undermine the 
quantity of the proposed ideas. An individual may feel that his or her idea is unworthy of 
submission as an official proposal, or lacks the ability or motivation to write up a proposal 
in the form required for a suggestion to be considered (Gallupe et al., 1991). Furthermore, 
the information required to submit a new idea and the format of the submission should be 
kept to the absolute minimum. With IMs, the absolutely minimum information about ideas 
is required. E.g., in our pilots, just a title and description were required. This approach 
provides a twofold advantage. First, it eases the idea submission process; second, it 
provides a common base regarding the level of information for ideas competing in the 
market. Traders can compare ideas on this level of information. The same practices are 
followed in electronic brainstorming sessions.

Rewards are important for people in order to engage in any kind of work. Financial 
rewards may therefore be a factor in the willingness of employees to develop and submit 
ideas (Gallupe et al., 1991). This is the assumption underpinning the ideas submission 
processes of many companies (Robinson & Stern, 1997). Reports show, however, that 
working primarily for extrinsic motivation, counter to what most practitioners seem to 
assume, has a negative impact on creativity (Robinson & Stern, 1997; Frese et al., 1999). 
Instead, the focus should be on intrinsic motivation. Frese et al. (1999) note that people are 
motivated to develop ideas when they feel they can positively impact their work situation 
thereby, and found that the submission of suggestions was predicated on the prospect of 
better, i.e., easier or safer, work. Paulus et al. (2002) found that challenging goals paired 
with accountability in performance also encourages motivation, and that being motivated 
is an important social stimulus for group creativity. Thus motivation affects the quality and 
quantity of ideas. In IMs extrinsic incentives are provided in the form of prices often given 
to winners (participants with the highest portfolios). Intrinsic incentives exist in the form of 
community bragging rights for participants that do well in the market. Although the design 
of brainstorming sessions does not mandate the allocation of prizes it is up to the facilitator 
to enhance motivation through prizes.

Amabile et al. (1993) stress the importance of diversely skilled groups and a free flow 
of diverse ideas. Allowing ideas to flow across the organization increases the probability of 
creative ideas generation as the exposure to other stimuli increases. Paulus (2000) argues 
that cognitive diversity (in groups) increases the number of potentially novel combinations 
which can arise and claims that diverse but overlapping knowledge is a primary basis for 
ideas generation. In this respect the quality of the proposed ideas increases. IMs require a 
diverse group of participants from a broad range of educational backgrounds to perform 
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well. This inherent requirement contributes to the ideas generation phase. For brainstorming 
sessions the facilitator should select a diverse group of participants to reach the desired 
results.

Another issue emphasized by a number of innovation researchers is the association 
between innovation and play. Anderson (1994) claims that the notion of play captures the 
energy and commitment demanded of innovators and suggests that innovation work may 
be regarded as a form of playing. More recently, Dodgson et al. (2005) argue that “play” 
is an important component in the innovation process, mediating “thinking” and “doing” 
– the conception and execution of new product and service innovations. The concept of 
play in fact enables the link between ideas and action. IMs are a game and as such we 
deduce that the associated fun factor encourages users to participate. This is an advantage 
over brainstorming where the ability to impulse a notion of play depends largely on the 
capabilities of the facilitator.

Last, but not least, individual creativity is affected by the anticipation of receiving critique 
on the contributed ideas (Amabile et al., 1990; Shalley & Oldham, 1985). This has been 
attributed to reduced intrinsic motivation, due to the anticipated evaluation. Other studies, 
however, indicate that anticipated evaluation can lead to increased levels of motivation 
and creativity (Jussim et al., 1992). An explanation for the different effects is provided 
by Shalley & Oldham (1985) who, using cognitive evaluation theory, states that when 
individuals anticipate that feedback will not inhibit their autonomy or intrinsic motivation, 
they will find feedback potentially valuable and supportive of their creativity.

Based on the above analysis, we argue that IMs constitute a process that results in the 
acquisition of many (in terms of quantity) good (in terms of quality) ideas. Accordingly, we 
hypothesize that:

H7-1: IMs help to acquire more ideas per participant than traditional 
electronic brainstorming tools.

H7-2: IMs help to acquire ideas of equal or better quality per participant 
than traditional electronic brainstorming tools.

7.2.2 Design

In order to test our hypotheses, we extended the laboratory experiments described in 
section 6 and involved a control group that brainstormed using a traditional innovation 
forum. We selected Teamspace (www.teamspace.com), which allows users to submit ideas 
in forums and rate ideas using a 5-point scale. Our group was formed with another 20 senior 
students enrolled in the same graduate business administration program which allowed 
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us to ensure the same background of participants in terms of their educational level and 
industry experience. Similarly to the previous cases, we verified this by examining the 
participants’ curriculum vitae. Participants were asked to assume they were employees of a 
venture capital firm, to propose and rate a set of ideas. An anonymous setting was applied, 
and each participant was identified by a unique ID. We maintained an approach similar to 
the previous experiments with respect to the evaluation of the ideas: our experts rated the 
proposed ideas and the final score of each participant was calculated by aggregating the 
total ratings of her/his ideas. Table 7-1 summarizes the key design aspects of the control 
experiment.

Table 7-1: Key design aspects of the control experiment.

Research Question What is the performance of information markets against 
alternative approaches?

Experiment 
Context

Innovation – controlled experiments with students

Software Teamspace, a web-based brainstorming tool
Contracts 19 new idea-contracts proposed by the participants
Duration 7th of June to 2nd of July 2007
Participants 20 postgraduate students 

7.2.3 Results & Discussion

The differences of the quantity of ideas between the experimental groups and the control 
group were verified by a Dunnett t-test, which is considered as an effective test for comparison 
between each experimental group mean with the mean of the control group (Dunett, 1955). 
The mean number of ideas for the democratic and anarchic groups is significantly higher 
than that of the control group at the 95% level (p <0.05) (see Table 7-2). In the case of the 
authoritarian mode, as it is seen in Table 3, the mean of the quantity of ideas is close to the 
control group and not significant. These results indicate that the anarchic and democratic 
modes of IMs lead to the acquisition of a higher number of ideas than the authoritarian 
mode and the control group, partially confirming H7-1.

We compared the effects of conceptual facilitation restrictiveness and the control group 
on the quality of ideas by conducting a Kruskal-Wallis test that examines the mean score 
differences (Wallis, 1952), since we could not verify the normality of our data. As shown 
in Table 7-3, the test detected some effect of the treatment (chi-square = 22.5, p <0.05) on 
the quality of ideas. The results from the comparison of the control group to our treatments 
performed with the Mann-Whitney U test (1947) (see Table 7-4) indicate that the anarchist 
group (representing low restrictiveness) yielded a similar quality of ideas (p = 0.555) but on 
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the other hand the democratic and the authoritarian groups resulted in ideas of significantly 
(p = 0.000 for the first, p = 0.012 for the latter) higher quality, partially confirming H7-2.

Our experimental results indicate that, with IMs, we can obtain similar (in the case of the 
authoritarian mode) or higher (in the case of the democratic and anarchic modes) quantities 
of ideas than with traditional brainstorming systems. Notably, the quantity of ideas of 
the authoritarian group, which had the highest level of restrictiveness in our IMs, was 
approximately the same as in the control group that had no restrictiveness. Furthermore, 
with IMs, we collected ideas of better quality (in the democratic and authoritarian cases) 
than with the traditional system used in the control group, although the anarchic group, 
which resembled the conditions of our control group in terms of restrictiveness, provided 
ideas of similar quality.
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7.3 The SAP Case

7.3.1 SAP Inspire

Inspire is an idea “incubator” inside SAP founded in 2002 as an official group operating 
within SAP Research Department. The main objective of Inspire group is to nurture and 
promote employees’ ideas from seed to implementation. Inspire is typically going after 1-2 
year projects to develop working prototypes of ideas, test them in a business environment 
and hopefully make a successful business out of them. The Inspire group consists of a 
core of 12 people, but the number depends on running projects. For the duration of these 
projects, participating employees are considered Inspire people.
The idea evolution process in Inspire though it is not formal, usually follows five main 
steps:

•	 Step 1: Call for Ideas

Inspire publishes a ‘Call for Ideas’ and employees may independently suggest ideas 
throughout the year. Thus idea submission is a continuous process. The idea is submitted via 
email or through the corporate portal “go/Inspire”. An idea management platform, called 
XPD8 has been created for this purpose. Inspire has simplified the submission procedure by 
allowing employees to insert their idea by providing only a title and a description. Yet, as 
a follow up several other attributes are requested, which if the idea creator cannot fill in on 
his own, Inspire helps. In 2006, they gathered more than 1000 ideas during the year.

•	 Step 2: PreScreening

Inspire group evaluates the submitted ideas by investigating their strategic fit, their 
feasibility, the portfolio fit, the market competition etc. Every idea is assigned to an “owner” 
from Inspire, based on a person’s background and knowledge, who evaluates it. The role 
of the idea creator can be challenging, as s/he can be part of the process trying to convince 
Inspire of the value of his/her idea. The final evaluation is mainly based on discussion, 
opinion exchange, argumentation and good feelings. The whole group has to be convinced 
so people really fight for ideas. Finally, decisions are documented and around 50 ideas 
move on to the next phase.

•	 Step 3: Selection by Steering Committee 

The 50 ideas which succeed in the previous phase are presented to the steering committee 
that consists of senior development managers who know if the idea fits into the general SAP 

8  http://www.sap.com/swiss/solutions/xapps/xpd/index.epx
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landscape (e.g. “there is a secret development project on that, so you should not continue”). 
A decision is made on whether an idea will move on. If the answer is positive, a proposal 
is prepared that will present the idea in detail. Then, a coach by Inspire is assigned to the 
idea, and s/he has a close cooperation with the idea submitter. For the proposal, additional 
material is researched and working demos are created to prove the potential of their idea 
to the Board of Directors. Usually, two people assist Inspire in this research, mainly post-
graduate students. 

•	 Step 4: Presentation to the Board of Directors

Every year, 15-20 proposals are presented to the Board of Directors. Each idea is 
presented in 2–3 minutes. So, the idea creators must be very well prepared in order to 
convince the Board within this timeframe of the potential of the new idea. The Inspire 
Coach undertakes the responsibility to build an effective presentation, in case that the idea 
creator cannot present his idea effectively to the Board and the idea is really good. After the 
selection of the ideas, the final decision of whether an idea will move on to the incubator is 
made based on the available budget. If an idea is not chosen by the Board a specific year, 
it can be presented again in the following year, when the circumstances may be better. The 
idea is on hold until then.

•	 Step 5: Incubator

After the approval of the Board, the idea implementation runs as a project in the incubator, 
for 9-12 months, with the goal to build a prototype. There is a project room for 4 to 6 
people, where the project team is located. The project team consists of 3-5 people that work 
full time on it. These are typically the idea creator, who leads the project and reports on 
its status, one person from SAP who knows the relevant SAP procedures, developers with 
expertise on the specific fields that are required for the idea implementation and maybe 
intern students.

When the prototype is ready, it is deployed to pilot customers. The transition state takes 
3-6 months and then, according to the results, the idea merges into the existing Business 
Unit, or a new Business Unit or a spin-off is created, or the idea is abandoned. An issue, 
which has arisen with the previous procedure, is that Inspire cannot bring together people 
with ideas, so that the combined results become more powerful and bring more value to 
SAP. In order to get people talk and foster idea generation, Inspire runs what it calls “Think 
Tanks”. 

Think Tanks are events where representatives from various companies around the world, 
mainly SAP partners, would gather, discuss and suggest new ideas relevant to a specific 
industry (depending on the think tank). Inspire is responsible for these events, so it goes 



The Performance of Preference Markets in Innovation Processes

140

to the locations around the world and organizes think tanks in order to gather and harvest 
ideas.

Typically, a think tank is a two day event. During the first day, participants focus on 
specific area sessions, where people are called to write down 3-5 ideas on a paper which 
then are clustered. Then, the group discusses on the clusters, they create a quick business 
case and presentations on paper are created. Finally, ideas are ranked using sticky papers on 
the wall. During the second day, group members are gathered again and suggest any idea 
that comes in their mind, without having a predetermined theme or area. Finally, the results 
of a think tank session can be put down in a word document. 

In the current situation, where XPD and Think Tanks are the main channels for idea 
communication and evolution within SAP, a number of difficulties have arisen. These could 
be summarized in the following:

•	 The idea selection, evaluation and approval process is slow as final decisions are 
taken only once a year

•	 There is a need for further incentives that will motivate people to participate more 
actively and proactively in the submission process

•	 Feedback to the idea creator for the evolution of his/her idea is not an integral part 
of the system, at least in the pre-screening phase when many ideas are presented.

•	 It is difficult to bring the right people with similar ideas together in order to create 
more valuable for the company idea “bundles”

•	 It is difficult to introduce and get opinions from experts during the whole process, 
especially from external, trusted experts.

7.3.2 Design

Our goal was to deploy a preference market in SAP to tackle several of the aforementioned 
issues. More specifically, through the case we wanted to understand whether IMs can urge 
employees to provide timely feedback and enforce participation during the idea evaluation 
phase.

An invitation was sent to approximately 450 SAP employees/researchers by email (see 
Appendix A). The invitation did not expand to employees outside SAP. However, the 
geographic and thematic diversity were guaranteed as the employees were dispersed to 
several research centres of SAP around the globe that cover various thematic research 
areas. The participants who entered the market were anonymous, and were identified in the 
market by a nickname. The motivation given to the invited employees was non-monetary 
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and focused on the importance of their contribution to shaping the future of SAP’s research 
and innovation programmes. A recommendation was made to SAP operators not to 
underestimate the importance of more tangible incentives for raising the participation level.

The market operation started on 3 March 2008 and remained open for 4 weeks. The 
participants were able to trade 24/7. The WIM software was hosted at and run by SAP and 
a total of 12 ideas was placed for evaluation as shown in Table 7-5 (we quote only the titles 
of the ideas due to copyright restrictions).

Table 7-5: List of ideas traded at SAP A.G.

Idea
Wiki-based light-weight semantical BO-network
Social networking to drive the work process
Collaccounting - Web 2.0 accounting / budgeting
Return on Brand Investment (RoB)
Embedded software lifecycle management
Better Help Through Context Sensitive Messenger 
Integration
Incident and Crisis Management
Gaming user interface for SAP
BridgeIT
Emissions Management Solution
Visit postprocessing via speech
Consulting engine

All the necessary configurations were made to cover the security and privacy measures 
specified by SAP. Furthermore, each trader received 50 shares from every idea and 10.000 
play money units upon registration. The idea-contracts were initialized at a price of 50 
money units. Table 7-6 lists the main design aspects of the SAP case.

Table 7-6: Main design aspects of the SAP case.

Research Question What is the performance of information markets against 
alternative approaches?

Case context Evaluation of new ideas at SAP A.G.
Software WIM 
Contracts 12 idea-contracts
Duration 3rd to 28th of March 2008
Participants 35
Transactions 606
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7.3.3 Results & Discussion

At the closure of the market, two questionnaires were distributed; one for the market 
participants – traders, and another for the market operators and the Inspire group members 
(see Appendix D). 

The goal of the questionnaires was to evaluate the market from the participants’ and the 
administrators’ side. Also, via the questionnaires, we wanted to gather the Inspire Group 
rating of the ideas in order to compare the market results (wisdom of the crowds) with the 
Inspire Group evaluations. We received 5 questionnaires filled in by market participants 
and one questionnaire by the assistant director of the Inspire Group. 

Participants stated that they were taking part for the first time in an IM. They found the 
method fairly interesting and they would be willing to join a similar market in the future. 
Nonetheless three reported that they were not sure for the positive effects of the method 
in their organization. Given the fact that users were not familiar with the IMs, the benefits 
of expressing preferences by trading contracts can be difficult to grasp. Some interesting 
comments from the participants were:

•	 Participants should have a basic knowledge of the domains that ideas come from. 
A minimum expertise is required in domains such as software product development 
because of the sophistication of the product and the respective market.

•	 Traders should have a discussion forum so that experts are not being kept isolated. 
It should not be visible who holds what but anonymous IDs and the contents of all 
portfolios.

•	 A useful feature is to overview the market and stock trends in a graphical form for 
an adjusted time range. Elsewhere, the information is too much to process mentally.

•	 IMs may consume a significant amount of time so incentives are required. An 
incentive could be money of course. However, another incentive could be to know 
that the outcome of such a market would really allow participants to influence which 
ideas would be actually implemented. That is if the IM does not offer money or 
other «hard» incentives but would ensure that e.g. the top 3 would be implemented 
no matter what management wants, then the users would still participate in order to 
see their favourite ideas implemented.

In order to identify whether the participants’ preferences expressed through the market 
prices were in accordance to the SAP Inspire evaluation, we requested from the experts to 
provide a ranking of the ideas. We found a high correlation of the market ranking given 
by the VWAP of each idea contract and experts’ ranking (the Spearman’ coefficient was 
calculated at 0,6 where 0 denotes a complete match between the two lists). The differences 
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were communicated to the SAP Inspire expert who informed us that his department would 
consider the market outcome before reaching final decisions. Furthermore the alignment 
of their opinion and that of the employees, although not exact match, strengthened their 
position.

7.4 The Levier Living Lab Case

7.4.1 Living Labs

During the past decades technology has experienced a process of democratization (von 
Hippel, 2005) that was translated into two streams: access and the virtualization capacities 
of information technologies (Dogson et al., 2005). This process of democratization together 
with the connectivity and coordination capacities of the Internet (Shirky, 2008) have been 
driving and fuelling the growth of user involvement. However, user involvement has taken 
a variety of approaches such as users as creators, as in the case of lead users (von Hippel, 
1986) or Open Source; co-creators in practices such as Design Thinking (Brown, 2008), 
participatory or user-centred design or simply being treated as passive subjects whose 
insights are captured and introduced in the innovation process, such as in the case of applied 
ethnography, usability, human interaction or market validation exercises.

Living Labs trials and organizations are situated in the middle ground of considering users 
as equal partners in the process of innovation and actively involving them in materializing 
their own needs, aspirations and wishes in their real-life context. Living Labs are commonly 
characterized as both a methodology that stresses user involvement in innovation projects 
and the organizations that focus on its use.

Living Labs are driven by two main ideas: a) involving users as co-creators on equal 
grounds with the rest of participants and b) experimentation in real world settings. Living 
Labs therefore provide structure and governance to user participation in the innovation 
process (Almirall and Wareham, 2008). Living Labs organizations, in part due to the support 
of the European Union, have grown fast in the last two years and a network comprising 
129 members from Europe, Brazil, South Africa, Mozambique, China and Taiwan has been 
established.

7.4.2 Design

The Levier (Laboratoire d’Expérimentation et Valorisation Images Et Réseaux) Living Lab 
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covers the whole Brittany and Pays de Loire areas in France. It comprises of broadband 
infrastructures and panels of users who provide an experimental facility, services and 
methodology for enterprises and R&D projects wanting to practice user centric R&D. 
Levier is much centred around the fixed-mobile convergence paradigm and provides both 
“real” and virtual infrastructures.

In cooperation with the Levier Living Lab, a case study was set up during the 2009 Laval 
Virtual exhibition9 with the goal to proposed and evaluate ideas for enhancing the quality 
of life in big cities. The study was executed in the context of a contest called iCity (http://
www.pi-lab.net/icity/) designed by the living lab. Exhibitors were introducing visitors 
to the concept of IMs by demonstrating a customized version of WIM deployed for the 
purposes of the context. After registering to the software visitors could go through the list 
of ideas and invest on their preferred ones. The market remained open for a time period of 
three weeks following the exhibition in order to allow participants to continue trading and 
even propose new ideas. Prizes were announced for the top three participants in the market 
(including an Apple iPod for the trader with the highest portfolio).

Table 7-7: Main design aspects of the Levier Living Lab case.

Research Question What is the performance of information markets against 
alternative approaches?

Case context Evaluation of new ideas at the Laval Living Lab
Software WIM
Contracts 67 ideas of which 64 were proposed by the participants
Duration 20/04/2009 – 25/05/2009
Participants 102
Transactions 571

7.4.3 Results & Discussion

102 users registered of which 45 participated actively. The total number of transactions 
was 571; hence the average number of transactions per active participant was 12.6. In 
total 67 idea-contracts were present at the market end of which 64 were proposed by the 
participants (see Appendix C for the list of ideas). All were traded, with the maximum 
number of transactions per idea being 46 and the minimum 1. 

The administrators were interviewed upon the market end and highlighted their 
satisfaction with the quality of the contributions, although certain ideas were pretty “wild” 
and could not be readily utilized. A decision maker from the ‘Laval Virtual’ exhibition 
quoted “We received a fairly large number of ideas. Compared to previous contests in 
9 http://www.laval-virtual.org
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which we had participants brainstorm, this time we were able to collect more ideas per 
participant”. They also appreciated the fact that IMs gave participants the capability to 
simultaneously propose and evaluate ideas. 

To assess the output of the market we requested from the decision makers to rate the 
quality of the proposed ideas using the creativity measures we defined in Chapter 6 i.e. 
paradigm relatedness and originality. Then we compared the top ten ideas as rated by the 
decision makers to the top ten ideas as indicated by the market output. We observed that 
six ideas were present in both lists. Decision makers were satisfied since their opinion was 
supported by the preferences of the users in the market to a reasonable extent and expressed 
their intention to take into consideration the market output before publishing the final idea 
ranking.

7.5 Summary

IMs demonstrate advantages over traditional idea management tools. The inherent game-
like nature of IMs encourages participation. Aggregating information from both small and 
large pools of experts is particularly important in the early stages of innovation, because it 
brings together scattered information and different perspectives; IMs are effective in both 
small and large cohorts. Laboratory experiments (Chan et al., 2002) and field trials (Chen 
& Plott, 2002) have shown that IMs provide useful results even with small groups of about 
20 participants. Furthermore, IMs allow traders to update their choices on the basis of new 
information acquired individually or by the market. Finally, IMs can facilitate continuous 
ideas contribution and ranking while allowing contributors to be inspired by ideas from 
others.

Our real-life cases showed a positive feedback from decision makers and participants. 
The interviewed decision makers of the Laval Living Lab confirmed that with IMs they 
were able to collect more and better ideas than other brainstorming tools they had used 
in the past. They also appreciated the fact that WIM gave participants the capability to 
propose and evaluate ideas simultaneously. Participants appreciated the fact that they 
could reflect upon the market fluctuations and update their investments in ideas as soon as 
new information was made available to them. These results provide implications for both 
researchers and practitioners.

A theoretical contribution of our study is the proposition of IMs as an effective creativity 
technique that can support idea management processes instead of brainstorming and their 
eminent role in fostering the creative behaviour of participants. Future research should 
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identify the effects of IMs in such processes under various settings. For example, an issue 
worthy of further examination is the introduction of collaborative idea evolution scenarios. 
In our experiments collaboration between participants for the development of ideas was not 
supported. It would be interesting to design markets which permit collaboration by allowing 
users to contribute to existing ideas, thus becoming co-creators, participating in the risk 
of failure or the joy of success. Such a design can be achieved by representing original 
ideas as blog posts; participants may then contribute to the original idea by adding their 
own suggestions as comments to the blog post. Blog posts as well as comments can then 
become tradable contracts in the market so that both original ideas as well as suggestions 
for improvements can be evaluated.

Nevertheless, the qualitative evaluation revealed limitations and provided clues for 
improvements of the approach. Limitations included the inability to distinguish between and 
decide upon non homogeneous ideas. Suggestions for improvement included the addition 
of a discussion forum so that experts are not being kept isolated, the ability to anonymously 
view the portfolio of investments of other participants in order to make more informed 
decisions, the considerations of other incentives such as the management commitment to 
implement the top ideas independently of the results of other evaluation processes.
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Chapter 8

The Performance of 
Preference Markets in 
e-Participation

A promising application domain for preference markets is that of e-Participation. In 
this Chapter we present two real life cases in this context and show the performance 

of markets; one implemented on behalf of the state of Bremen in Germany in order to 
aggregate citizens’ preferences on alternatives for re-factoring the ‘Bible history’ class 
in Bremen schools and another on behalf of the European Commission in the context of 
a public consultation on future research directions regarding the use of Information and 
Communication Technologies for enabling energy efficiency.

8.1 Problem Statement

E-democracy has become a term that is used widely but also has various instantiations. 
A common high level definition refers to the use of information and communication 
technologies to engage citizens, support the democratic decision-making processes and 
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strengthen representative democracy (Macintosh, 2004). In some countries and in some 
government circles e-democracy has become synonymous with e-voting, however, voting 
is only one mechanism whereby citizens can influence democratic decision making. 
According to a UK government paper e-democracy can be divided into two distinct 
areas; one addressing e-participation and another addressing e-voting (UK Government, 
2002). E-voting should be viewed as a technological problem. E-participation sets out the 
possibilities for greater opportunity for consultation and dialogue between government 
and citizens. In the case of e-participation there is a growing number of examples of 
government organizations using technology to provide access to policy information and 
request comment on it (Macintosh, 2004). These examples demonstrate how technology is 
emerging as a tool to provide people with the capacity to participate and influence decision-
making. 

An OECD report (2001) argues that democratic political participation must involve the 
means to be informed, the mechanisms to take part in the decision-making and the ability 
to contribute and influence the policy agenda. More specifically it usefully defines the 
following levels of e-participation. 

•	 Information: a one-way relationship in which governments and organizations 
produce and deliver information for use by citizens. 

•	 Consultation: a two-way relationship in which citizens provide feedback to 
governments and organizations. It is based on the prior definition of information. 
Decision makers define the issues for consultation, set the questions and manage the 
process, while citizens are invited to contribute their views and opinions.

•	 Active participation: a relationship based on partnership with government in which 
citizens actively engage in defining the process and content of policy-making. 
It acknowledges equal standing for citizens in setting the agenda, although the 
responsibility for the final decision rests with the officials in charge.

To consult the public, one must somehow communicate with it. Recent innovations in the 
technology of communication have affected the feasibility of different methods of public 
participation. There has been a renewed interest to engage the public in decision making 
with the emergence of information technology (IT) applications such as e-Consultation. 
This is evident from the number of e-Consultation implementations around the globe such as 
Estonia’s TOM portal (http://tom.riik.ee/) and Singapore’s Government Consultation Portal 
(http://www.ura.gov.sg/econsult/index.htm). The impetus to implement e-Consultation can 
be attributed to the growing awareness of the need to attain more democratic governance 
(Coleman and Gotze, 2001). This has also been indicated by OECD (2001): “… democratic 
governments are under pressure to adopt a new approach to policy-making – one which 
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places greater emphasis on citizen involvement both upstream and downstream to decision-
making. It requires governments to provide ample opportunity for information, consultation 
and participation by citizens in developing policy options … ”.

8.1.1 What the public can contribute

The public can contribute in a variety of different ways to democratic decision-making, 
including exploring, validating and reconciling ideas (see Figure 8-1 (Peters and Abud, 
2009)). With exploring ideas, the focus is on divergent input and conversations, whereby the 
public can bring ideas, suggestions, information and perspectives into the decision-making 
process. The public can also be engaged to validate ideas and allow the decision-maker to 
check ideas with the on-the-ground perspective. The third contribution that the public can 
provide relates to reconciliation of diverse ideas. These are more convergent discussions 
that emphasize trade-offs and the weighing of values. Thus, the design and intent of the 
public involvement initiative can call for exploration, validation and reconciliation. These 
are not mutually exclusive concepts as one public involvement initiative might be designed 
to explore an issue and validate (or invalidate) options, while another might encompass all 
three types of input. This model should not be interpreted as precluding the public from 
making other contributions. Instead, its intention is to convey the different perspectives and 
input that public involvement can provide decision-makers.

Explore ideas - bring  
ideas, information 

and perspective into 
decision-making

Reconcile ideas 
– weigh values

Validate ideas  -
check ideas with 
on-the-ground 

perspective

Figure 8-1: Contributions of the public in e-Participation settings.

8.1.2 Why the public contributes

Five major theories have been employed to explain citizen participation (Phang and 
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Kankanhalli, 2005), namely: (1) the Socio-economic Model of Participation, (2) the Rational 
Model of Participation, (3) the Civic Voluntarism Model, (4) the General Incentives Model 
and (5) the Social Capital Theory of Participation.

The socio-economic model attempts to explain citizen participation in terms of the social 
circumstances of individuals, such as age, education level and financial status, which shape 
their attitudes towards participating (Parry et.al., 1992). The model holds that individuals 
who are older, better educated and wealthier are more likely to participate than those who 
are not. The logic is that individuals’ upbringing and personal environment grant them the 
relevant political skills and resources, which in turn shape their civic attitudes towards 
political participation. Civic attitudes include an interest in and knowledge of politics, a 
sense of political efficacy, and also a feeling of obligation to participate (Parry et al., 1992). 

Rational choice model of participation sees citizen participation as a rational activity that 
serves to promote or defend the goals of participants with the maximum of benefits and 
the minimum of costs (Green and Shapiro, 1994). The model postulates that individuals 
are by nature economically rational actors, who seek to maximize their benefits from any 
activity, while minimizing the costs. In this light, the decision to participate is essentially 
an outcome from cost-benefit calculation (Pattie, 2002). Benefits that can be obtained 
from participation include the ability to influence policy outcomes in ways that is to one’s 
advantage, while costs include effort and financial resources that one needs to incur to 
participate. Additionally, the perceived benefits are closely tied to one’s political efficacy. 
The more an individual thinks his/her personal action will bring forth favourable outcomes, 
i.e., the higher his/her political efficacy (Campbell et.al., 1954), the more weight s/he will 
set on the benefits that s/he can obtain. 

The civic voluntarism model (Verba et al., 1995) explains participation from an inverted 
angle of “why people do not participate”, and suggests three answers: because they 
can’t; they don’t want to; and because nobody asked them to. This is translated into three 
classes of factors, namely resources, motivation, and mobilization respectively. Resources 
refer to money, time, and civic skills that an individual possesses. Civic skills refer to 
the organisational and communications abilities that can facilitate political activities. The 
second class of motivational factors encompasses an individual’s interest in politics; sense 
of political efficacy; the group consciousness that endows individuals with a sense that 
their fate is linked to that of others; identification with a political party; and commitment 
to specific policies that individuals would like to see implemented (Verba et al., 1995). 
Last, mobilization refers to the extent to which individuals are influenced by people around 
them, such as friends and family members, to participate. These three classes of factors are 
posited to contribute to citizen participation.
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The general incentives model was developed by Syed and Whiteley (2002) and explains 
citizen participation by synthesizing social factors (e.g. norms) and individual factors 
(e.g. perceived costs and benefits). According to this model, actors need incentives to 
participate in politics, and these incentives can be categorized into five types: collective, 
selective, group, expressive, and social norms-derived incentives. Collective incentives are 
derived from policy goals (e.g., an increment in pension) and are available to all in order 
to enjoy regardless of whether one participates. The nature of collective incentives raises 
controversy over its influence on participation, as one can simply free-ride on the efforts of 
others to enjoy the benefits. This led Olson (1965) to suggest that participation may only 
occur if some of the benefits are selective incentives, that is, they can be restricted to those 
who participate. The selective incentives can be further divided into process, ideological, 
and outcome incentives. Selective process incentives are derived from the process of 
participation itself and have two aspects; one is related to enjoying politics for its own 
sake and the other depends on interacting with like-minded people. Selective ideological 
incentives are prompted by the similar beliefs shared by members in a group, such as a 
strong stance on environmental protection, and the ability to express these deeply held 
beliefs among members. Last, selective outcome incentives are related to achieving personal 
advancement in politics, such as the ambition to become a political leader. In addition, there 
are group incentives that relate to individuals’ perception about the efficacy of the group 
as a whole, such as the political party that they join. Another set of incentives is based on 
expressive or affective attachment to a group. Such incentives relate to the identification 
one has with a group, and are grounded in a sense of loyalty and affection. The last class 
of incentives is incentives derived from social norms, and refers to the influence that other 
people have on an individual’s willingness to participate. 

The social capital theory of participation attempts to explain citizen participation 
from a social network perspective. The theory originates from a study of Italian regional 
government (Putnam, 1993) that found positive relationships between social capital and 
institutional performance of governments. The central concept of this theory is social capital 
and refers to the connections among individuals that form social networks, and the resulting 
norms of reciprocity and trustworthiness arising from the networks (Putnam, 1993). It is 
intimately rooted in the associational life that exists within a community. The main premise 
of the theory is that a community with stronger bonds between its members has a distinct 
advantage over a community with poor bonds (Pattie et al., 2002). The theory highlights 
three features of social capital: networks of civic engagement, norms of reciprocity, and 
trust. It is argued that these features of social capital reduce incentives to defect, reduce 
uncertainty, and provide models for future cooperation (Putnam, 1993). The logic is that 
networks of civic engagement foster sturdy norms of reciprocity, or the degree of consensus 
in everyday exchange relations in the social systems, because frequent interaction among 
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a diverse group of people tends to encourage the formation of such norms (Putnam, 2000). 
In turn, the norms of reciprocity cultivate social trust among people in a society, which 
can be understood as the belief that the results of one’s intended action will be appropriate 
(Mistzal, 1996). 

Besides the aforementioned theories, Phang and Kankanhalli (2005) explore IT 
features that affect participation. They begin with the feature of anonymity and present 
characteristics of group support systems that increase participation. Hiltz and Turoff (1978) 
found that computer-based  media produce a sense of impersonality that is further increased 
by user anonymity. Research on group support systems (GSS) has found a positive impact 
of anonymity on group performance (e.g. DeSanctis and Gallupe, 1987). The logic is that 
anonymity may remove social cues related to social status that contribute to evaluation 
apprehension. Evaluation apprehension is unfavourable as it tends to inhibit participation in 
traditional face-to-face meetings (McLeod and Elston, 1995). By avoiding the occurrence 
of evaluation apprehension through provision of anonymity, GSS are found to increase 
participation level of a group (e.g. Connolly et al., 1990).

Another IT-related feature that is found to increase participation is the simultaneity 
capability of IT. This enables individuals to participate at the same time by typing their 
ideas for others to see. The concept is similar to the notion of parallelism and concurrency 
in the media literature, e.g., in media richness theory (Daft and Lengel, 1986) and media 
synchronicity theory (Dennis et al., 1998). The simultaneity of IT is found to increase 
participation by overcoming production blocking that inhibits the ideas generation process, 
as there is no need for one to wait for one’s turn to express one’s ideas (Shepherd et al., 1995). 
It can also reduce the cognitive load and distraction of members in trying to remember their 
ideas while waiting for their turn.

Last but not least, the connectivity and communality features of interactive 
communication technology deserve special attention. Connectivity refers to the ability 
that enables individuals to directly communicate with each other, whereas communality 
refers to the availability of a commonly accessible pool of information to all (Fulk et al., 
1996; Monge et al., 1998), such as through a discretionary database or an electronic forum. 
These features of interactive communication technology, which are termed connective and 
communal capabilities, are posited  to ease individuals’ participation in information sharing 
and exchanges. For example, Monge et al. (1998) propose that increased provision of 
connectivity and communality would lead to an increased amount of information generated 
in the context of inter-organizational information systems.

Figure 8-2 summarizes the five classes of factors and the IT features that affect 
e-Participation as described above.
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Figure 8-2: Factors affecting public participation in e-Consultation.

8.1.3 The role of Information Markets

IM’s characteristics show that they can be applied in public participation settings. More 
specifically the characteristics of IMs are in line with IT features that affect participation. 
Policy makers can benefit by their evaluative function and setup e-Consultations where 
participants can express their preferences on various policy options. In such a setting the 
competing contracts in the market represent the policy options and the public expresses its 
views by investing on the preferred options. Moreover IMs can be used in e-Participation 
settings. In such cases the content generation functions of IMs can be utilized and participants, 
besides trading on policy options proposed by the decision makers, can suggest new ones. 
Having these in mind we design two real-life cases in order to assess the performance of 
IMs in public participation settings which are described in the following sections.

8.2 Reforming the Bible History class at the State of 
Bremen

8.2.1 Case design

In cooperation with BIBA and the State of Bremen, we designed a real-life use of IMs in 
e-Consultation settings with the goal to evaluate ideas for re-factoring the ‘Bible history’ 
class in Bremen schools. The officials at the State of Bremen wanted to modernize the 
class in order to address the needs of a multi-religions society. The project was carried out 
in two phases. Initially a web-based forum was setup where the citizens of Bremen could 
submit ideas and views on the issue while being engaged in an online discussion10 (Figure 
8-3 depicts the home page of the forum). The purpose of the forum was to gather citizens’ 

10  http://forum.biba.uni-bremen.de/ 
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views and remained open from 9/3/2009 to 20/3/2009. 

Figure 8-3: The web-based forum where citizens of the State of Bremen could submit their 
views and opinions.

Next, the submitted views and comments were processed by the officials and a set of 
ten ideas was derived. We created a WIM market and registered the ten ideas together with 
their description as shown in Table 8-1. 

Table 8-1: Policy options evaluated with the use of WIM by the citizens of Bremen.

How much is religion required in schools

Title: Integrated worldview
Description: The religion class is replaced by a course addressing ethics, provides 
general values and beliefs, and represents its influence on society, politics and 
business. 

Title: Integrated religious education, focus on culture 
Description: The religion class is replaced by a new course, which deals with all the 
great religions of the present with a focus on inter-cultural understanding.

Title: BGU + philosophy and Islamic studies
Description: The BGU remains untouched. As compensation philosophy and 
Islamic studies are introduced in schools. Teaching is carried out by specialists of the 
respective world topic.

Title: BGU + alternative subjects of ethics
Description: In addition to the unchanged BGU an alternative course named «Global 
Ethic» will be available. (See http://www.weltethos.org). The focus will be on providing 
general knowledge about religions, and not teach one religion.

Title: Integrated, cooperated worldview
Description: BGU is replaced by a single integrated course, which deals with all the 
great religions of the present and focuses on inter-cultural understanding.

Title: External school religious education
Description: Religious education is entirely separated from the school and in the 
Hands of the religious communities.
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Title: Separate classes for each religion
Description: BGU is replaced by separate classes of Christian, Jewish and Islamic 
religious education, as well as philosophy / ethics. Skilled teachers with deep 
knowledge of the specific religion are responsible for each class.

The multilingual capabilities of WIM allowed us to use the German language in this case. 
Participants could not propose new option but they expressed their opinion by investing 
on their preferred options. The market remained active for 14 days, between 20/3/2009 
and 3/4/2009. Each idea contract was initially valued at 50 play money units and each 
participant received 10.000 units upon registration. In Table 8-2 we summarize the details 
of this case.

Table 8-2: Summary of the public consultation in the State of Bremen.

Research Question What is the performance of information markets against 
alternative approaches?

Context Public Consultation at the State of Bremen in Germany to evaluate 
alternative approaches for re-factoring the ‘Bible history’ class in 
Bremen schools

Software WIM 
Contracts 7 ideas
Duration 20th of March to 3rd of April 2009
Participants 42

8.2.2 Results & Discussion

42 users registered in WIM of which 30 participated actively. The total number of transactions 
was 302; hence the average number of transactions per participant was 7.1. The maximum 
number of transactions per contract was 60 and the minimum 28. The officials agreed that 
participation was satisfying. Two different questionnaires were prepared (see Appendix 
D): one for the administrators and one for the traders. The former was completed by 3 
administrators and the latter by 7 traders.

Market administrators were satisfied by the user participation and the results of the 
market. As quoted by one of the decision makers of the pilot in Bremen “Using Information 
Markets we experienced increased participation. Although we didn’t take any specific 
measures to promote participation, people simply responded promptly”. Furthermore the 
ranking provided by the market, which was calculated using the VWAP of the transactions, 
proved particularly useful and the officials at the ministry of Education informed us that 
they were going to consider it when reaching their final decision.

Traders stated that they participated for the first time in an information market. All but 
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one agreed that they would be willing to take part in a similar market in the future. The 
trader who objected expressed the opinion that the capitalistic characteristics of the IMs 
could lead to manipulation effects and speculative bubbles like those we experience in 
the present economic crisis. Furthermore all traders expressed their concerns whether the 
outcome of the market would be considered by the officials as they felt that the decisions 
were directed by the central government and their opinion would not matter the most.

8.3 European Commission Consultation on Information 
and Communication Technologies for Enabling Energy 
Efficiency

8.3.1 Case Design

The case was designed for a European Commission (EC) public consultation on Information 
and Communication Technologies for enabling energy efficiency. The endeavour was part of 
the interactive policy making initiative of EC. The purpose of deploying IMs in this context 
was to allow people from all over Europe to submit and evaluate future research directions 
relevant to the use of ICT for enabling energy efficiency, allowing them to express their 
opinions by proposing and trading idea-contracts. Ideas placed in the market had the benefit 
of being scrutinized by a wide range of peers. In the invitation that was sent, participants 
were encouraged to especially consider and focus on the potential effects of user-driven 
open innovation in the area of Structural Change, i.e. ICT-enabled structural changes for 
a low-carbon society. The reason was that enabling structural changes in Business/Work/
Mobility models across the economy and society is the most challenging, least clear and yet 
potentially greatest area of opportunity.

An initial number of three ideas were used for the commencement of the market. Traders 
were able to enter new ideas in the 1st week of the market operation. We asked participants 
to describe their ideas as clearly as possible but shortly. Once the appropriate information 
had been entered, the ideas automatically were inserted in the market. We agreed with 
the stakeholders that no more than 18 ideas should enter the market, so a “First Come 
First Served” approach was enforced. The list of ideas traded in the market is presented in 
Appendix C.

The invitation (see Appendix A) was sent to approximately 2000 people from whom 63 
registered. Non-monetary and monetary incentives were provided to the idea creators and 
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the market winner. For the idea creators the incentive was that all proposed ideas were to 
be communicated to the EC officials thus increasing the likelihood of potential funding of 
the winning ideas. The market winner was going to receive a complementary registration 
in the ICE 2009 conference. 

The market operation started on 4/7/2008. The market remained open for approximately 
3 weeks till 21/7/2008 and participants were able to trade 24/7. The initial conditions with 
regard to the users’ portfolio were the following:

•	 Initial price of idea contracts: 50 money units

•	 Initial cash per trader: 10.000 play money units

Traders were asked to perform as many transactions as possible, on the basis of what they 
thought the “winning ideas” could be and at the same time would maximize the valuation of 
their portfolio. As a minimum, traders were encouraged to visit the market once every day 
and revise their position accordingly. Table 8-3 summarizes the details of this case.

Table 8-3: Summary of the European Commission Consultation on Information and 
Communication Technologies for Enabling Energy Efficiency.

Research Question What is the performance of information markets against 
alternative approaches?

Context Public Consultation to identify and evaluate research direction 
on the use of ICT for energy efficiency on behalf of the European 
Commission

Software WIM – Web-based Information Market
Contracts 18 contracts proposed by the participants
Duration 4th to 24th of July 2008
Participants 63

8.3.2 Results & Discussion

A total of 65 potential participants responded to our invitation and registered in WIM. During 
the trading period 561 transactions occurred by 34 active members of the market (active 
members were considered the users that made more than 1 transaction in the market). Figure 
X provides an overview of the active members’ demographic data (note that demographic 
information was not mandatory on registration so not all users filled in the necessary data). 
We can observe that we managed to attract a diverse group of participants from across 
Europe (10 difference European countries), with fairly wide age range, experience and 
professional background.
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Upon the market end participants were asked to fill in an online questionnaire (see 
Appendix C). An overwhelming majority of participants (85.7%) indicated that they use 
information market as for the first time. 78.6% of participants also stated that they would 
participate again in a similar market if requested. This percentage is quite important and 
shows the success the market had. It is noteworthy to mention that before participants 
participated in the market almost 72% of them did not believe that the concept of IM would 
be useful. However, after participating in a 78.6% of them support that they, now, believe 
that IMs is a means to successfully evaluate policy options and also propose new options.

Furthermore semi-structured interviews were conducted with decision makers in order to 
gather feedback on the usefulness and the benefits of our approach and a positive feedback 
was received. An EC official stated “This endeavour proved very interesting and useful. We 
received many interesting, diverse and innovative ideas. Overall, we were very satisfied 
with the quality of the contributions, although certain ideas were pretty “wild” and cannot 
not be readily utilized”.

With respect to the submitted ideas, we reached our target to receive 18 ideas by 
participants fairly easily. All were submitted during the first two weeks of market operation 
(for the complete list of ideas see Appendix C). 

8.3.3 Summary

This Chapter reported on two real life cases in which we applied preference markets for 
e-Participation. In both cases decision makers where pleased by the market output and 
appreciated the fact that they gained insight into participants’ preferences. Furthermore 
they would consider the results before reaching a final decision. Users participated actively 
in the markets while most of those who responded to our questionnaire after taking part in 
market concluded that IMs can provide the means to successfully evaluate policy options 
and also propose new options.
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Chapter 9

Enhancing Preference 
Aggregation with Agent-
Based Information 
Markets

In this Chapter we introduce a different approach for preference aggregation using 
markets: we use agents instead of human participants. Our agents exploit user-generated 

content available in social media by extracting user sentiments and assessments and using 
them to derive actionable information, i.e. make informed transactions on the market. We 
develop an agent-based framework for applications that can benefit from the “wisdom of 
crowds” which is created and disseminated in different types of social media (e.g. weblogs, 
microblogs, online forums, web communities, etc).
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9.4 Problem Statement

9.4.1 Using social media for predictions

Social media has exploded as a category of online discourse where people create content, 
share it, bookmark it and network at a prodigious rate (Asur, 2010). Examples include 
Facebook, MySpace, Digg, Twitter and a number of web forums. Because of its ease of use, 
speed and reach, social media is changing the public discourse in society and setting trends 
and agendas in topics that range from the environment and politics to technology and the 
entertainment industry. Social media content contains an untapped collective wisdom that 
can be exploited, among other things, for aggregating opinions and preferences on various 
topics. The size and diversity of the information found in large user communities presents 
an interesting opportunity for harnessing that data into a form that may support decisions 
and choices among different outcomes. For example one can build models to aggregate the 
opinions of the collective population and gain useful insights into their behaviour, while 
identifying future trends (Asur, 2010). Furthermore, prior research provides evidence of the 
predictive capabilities of social media and identifies correlations between user generated 
content and the occurrence of future events. 

Gruhl et al. (2005) have shown how to generate automated queries for mining blogs 
in order to forecast spikes in book sales. Predicting movie sales has received significant 
interest as well. Researchers typically use meta-data information on the movies themselves 
to perform the forecasting, such as the movies genre, running time, release date, the number 
of screens on which the movie debuted, and the presence of particular actors or actresses in 
the cast. Joshi et al. (2010) use linear regression from text and metadata features to predict 
earnings for movies. Sharda and Delen (2006) followed a classification approach and used 
neural networks to group movies into categories ranging from ’flop’ to ’blockbuster’. 
Zhang and Skiena (2009) have used a news aggregation model along with data from the 
Internet Movies DataBase11 (IMDB) to predict movie box-office numbers. Krauss et. al. 
(2008) interpret opinionated discussions and the level of “buzz” about the movie business 
on the web to identify Academy Awards winners and box-office revenues. Ritterman at .al. 
(2009) proposed a regression framework that when applied to simple features extracted 
from twitter posts can reduce the error associated with people beliefs as modelled with 
IMs. Last but not least, Asur and Huberman (2010) leverage the chatter of twitter users 
to forecast box-office revenues for movies. They build a regression model and compare 
with the results of Hollywood Stock Exchange12 (HSX), an IM designed to predict events 

11  http://www.imdb.com/
12  http://www.hsx.com/
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related to the movie industry, including movie box-office results. Their approach proves to 
be significantly better at predicting the actual box office results.

We can summarize that a number of existing methods aggregate social media content 
with regression techniques and model user preferences to derive actionable information 
such as forecasts of future events. 

9.4.2 Multi-agent systems and trading institutions

Artificial agents have been widely used in economics, mostly for simulations; researchers 
run market simulations with theoretical models and reach predictions about future 
market states. The relevant field of applications is referred as agent-based computational 
economics (ACE). The advantages of using computational agents to abstract and model 
human behaviour are many-fold. Agents do not require incentives and space thus they scale 
up fairly easy. To this direction various approaches have been followed by researchers 
for agents’ design (Chen, 2008). The use of genetic algorithms and genetic programming 
has shown positive results in experiments that try to mirror the laboratories with human 
subjects (see e.g. Arifovic, 1994; Chen & Tai, 2003). Recent developments involve agents 
with varying cognitive ability and agents with personality (Chen, 2008). Furthermore 
agent based simulation has been a popular technique in modelling and analysing electricity 
markets (Zhou et al., 2007). Such applications try to address the distinct characteristics (such 
as physical transmission infrastructure, various types of intelligent market participants and 
their interactions, decision making and adaptation) of electricity markets.

Besides the use of agent based trading for simulations, autonomous artificial agents have 
been developed to participate in electronic market places. In such applications computer 
programs are faced with the challenge to effectively increase their revenue without human 
intervention (Toulis et al., 2006). Agents act as mediators or proxies for humans and their 
performance is measured by the profit or savings they materialize. Another application 
for agent based trading includes portfolio management artificial agents that help investors 
select an optimal portfolio that satisfies their objective, or, in other words, maximize 
the investment returns under given constraints (Tseng, 2003). Other interdisciplinary 
approaches propose agent based trading for solving large scale problems such as road 
traffic management (Vasirani & Ossowski, 2009).

Recently, Perols et al. (2009) proposed the integration of agents and IMs as a new 
method for aggregating heterogeneous sources of information and applied it to combine 
the decisions of multiple individual classifiers. The focus is on two-class problems. They 
aggregate classifiers through pari-mutuel betting, using a loop that updates the odds for 
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each outcome and takes updated bets until convergence. They obtain significantly better 
results than alternative ensemble classification methods. Lay and Barbu (2010), extend 
this approach to multi-class problems by training their agents in a supervised way and by 
employing a continuous double auction mechanism. 

9.5 Overview of the approach

We claim that agent-based IMs can aggregate the preferences of users residing in content 
available in social media. We apply our approach to identify the preferences of users regarding 
future events. Our focus is on event outcomes that are mutually exclusive and discrete i.e. not 
drawn from a continuous variable. Social media content aggregates the collective opinion 
of users through sentiment and preference expression in blogs, microblogs, rankings, etc. In 
order to further aggregate opinions and sentiments from varying media in a simpler format 
we develop computational agents and let them participate in agent-based IMs. 

Our agents extract user sentiments and assessments available on social media and use 
them to make informed transactions in the market. Each agent represents a ‘social medium’ 
(such as Twitter), interprets the user generated content and reflects its beliefs by trading in 
the market. The functions of our agents were inspired by the Belief-Desire-Intentions (BDI) 
paradigm where an agent is characterized by its beliefs, goals (desires), and intentions. 
An agent will intend to do what it believes and will achieve its goals given its beliefs 
about the world (Chen, 2008). Our agents build a view (belief) of the world by extracting 
and interpreting social media content, have the goal (desire) of maximizing their financial 
resources in the market through rational trading and by engaging (intension) in transactions 
based on the acquired information. This follows the processes of human-based IMs where 
human traders receive information signals and, based on their personal assessment of 
available information, buy or sell contracts in order to maximize their portfolios.

In order to setup an agent-based IM we follow a stepwise approach; see Figure 9-1. The 
first step refers to identifying social media information sources which include opinions 
relevant to the event set, and extracting from them the appropriate information. In order for 
an IM to provide trustworthy results, plentiful and diverse information should be available 
otherwise the market can lean towards the wrong outcome. Table 9-1 provides examples 
of possible events whose outcome could be predicted by aggregating user preferences, 
and sources where social media content is available. Possible social media sources include 
online discussion forums, blogs or microblogs such as twitter.com. In a second step, a 
method for processing content is introduced (e.g. sentiment analysis for textual input). In 
the third and final step computational agents are created, the market is set-up and trading 
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commences. Market prices are shaped through trading. Once the market ends, the predicted 
event outcome is the one with the highest priced contract.

Table 9-1: Examples of possible events, and sources where social media information is 
present.

Type of Event Example Possible social media sources
Political events Who will be the next 

president of the United 
States?

- online discussion forums 
(uspoliticsonline.com)

- online microblogging 
applications (twitter.com)

- online blogs (blogger.com)
Sports events Who will be the winner of 

the European Champions 
League?

- sports forums 
(footballforums.com)

- discussions on social 
networking applications 
(facebook.com)

- sports news (news.google.
com)

Financial events Will Greece default on its 
debt?

- financial forums 
(footballforums.com)

- online microblogging 
applications (twitter.com)

- financial news (finance.
yahoo.com)

Media events Which movie will win the 
best picture award?

- online discussion forums 
(imdb.com)

- online microblogging 
applications (twitter.com)

We apply and validate our approach in order to identify the Oscar award winners. We 
hypothesize that the chances of a movie to win the Oscar award can be determined by 
aggregating the preferences of users in online communities that discuss movies. Evidence 
of this assumption can be found in the work of Krauss et al. (2008). We focus on Oscar 
predictions for two reasons: First, the topic of movies is of considerable interest among 
social media users and many users discuss and review movies. Second, it is possible to 
compare our approach both with the actual winners of past Oscar competitions as well as 
with human-based IMs such as the Hollywood Stock Exchange (www.hsx.com).
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9.5.1 Social Media Content Extraction

Prominent social media information sources with content-rich discussions about movies 
include: Yahoomovies.com, Flixster.com, Imdb.com and Rottentomatoes.com. All four 
sources host specific forums per movie in which users can express their opinions with 
reviews while in Rottentomatoes users can also tag movies and in IMDb and Flixster users 
can also provide ratings. In order to extract user reviews, tags and ratings from these four 
sources, we created customized parsers for each source. Moreover, we executed Web queries 
for occurrences of phrases of the following form: ‘movie-name’ + ‘best picture’ + ‘Oscar 
award’ + ‘to win’. These keywords have been shown to convey a positive assessment of 
the movie nomination (Krauss et al., 2008). Furthermore, we executed targeted queries at 
the micro-blogging application Twitter. In order to overcome the restrictions that Twitter 
enforces on its historical data (such data are offered up to a time frame of 7 days in the past), 
we made use of the search within a specific website option offered by Google. The later is 
accomplished by including the keywords site:twitter.com in the queries. All queries were 
constrained to 15 days prior the Oscar award ceremony and were executed on a daily basis 
with the ‘specific date range’ option. Once we retrieved the aforementioned information, 
we identified the Oscar awards ceremony dates for all the years under consideration and 
excluded user generated content submitted after the specific dates. In total, we collected 
37125 ratings and 67584 user reviews from Imdb.com, Flixster.com and YahooMovies.
com, 3020 tags from RottenTomatoes.com, 28515 results from Web queries and 148 Twits.

9.5.2 Social Information Processing

We create a positivity index per movie and per type of user generated information (reviews, 
ratings, tags). For IMDb and Flixster, we processed the ratings of users if available, else 
we inferred the sentiment of the user reviews. For ratings, IMDb uses a scale of 1 to 5 
and Flixster a scale of 10 to 50. In order to avoid bubble effects due to excessive number 
of ratings, we average the daily ratings per movie and create a daily positivity index per 
movie. In case the daily average rating is higher than a cut off value we consider a positive 
entry else a negative for the specific movie. The cutoff values used were 2.5 for IMDb 
ratings and 25 for Flixster ratings.

In order to classify the polarity of user reviews, we performed sentiment analysis (Pang 
& Lee, 2008) using the Jane16 open source text analyzer implementing various sentiment 
analysis algorithms. The tool processes the set of parsed files, with each file containing 
one review and outputs the review polarity (positive, negative) and certainty (%) about the 
result. 

In RottenTomatoes, each user review is tagged as ‘tomatoe’ (i.e. positive) or ‘splash’ (i.e. 
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negative). In this case we consider the available tags as votes in a type of approval voting 
and we count positive and negative votes to create the positivity index. users classify a 
movie in one of ten classes (from A+ to G-). In order to process these classification we map 
classes to a 1 – 10 value scale, with A+ denoting 10 whereas G- denoting 1. The average 
daily rating was used in this case, too. 

Movies do not have a common release date. Instead some movies may appear in the 
theatres up to twelve or more months before the Oscar awards ceremony while other 
shortly before the ceremony. Social media content appears shortly after a movie is released 
and user contributions increase during the first days of the release. This poses a problem 
to the IM as it has to incorporate information from the same period which would favour 
those movies that were released in that period. In order to treat equally all nominees, we 
introduced the concept of ‘market time’. Since the Oscar awards are being held in USA 
we consider the release date of a movie in the USA as the time 0 in the market time. The 
release date is taken from the BoxOfficeMojo.com web site. We processed only those user 
contributions that were available in a time window of a certain days. The same window was 
used for all movies. 

9.5.3 Market Based Collective Intelligence with Artificial Agents

9.5.3.1 Agents Beliefs

Most research work on IMs treat market prices as probabilities and hence model user 
beliefs after probabilistic distributions; in the case of binary (yes/no) events, after the beta 
distribution (Wolfers & Zitzewitz). In our case, the distribution of agent beliefs is modelled 
after a Dirichlet distribution, the multivariate generalization of the beta distribution. The 
selection of a multivariate distribution is justified as agents valuate more than two events 
(for every year agents had to choose between 5 Oscar nominees with the exception of 
2010 with 10 nominees). The Dirichlet distribution probability density function returns the 
belief that the probabilities of K rival events are pj ( 1≤ j ≤ K) given that each event has 
been observed oj − 1 times. In our case we consider as rival events each one of the Oscar 
nominees to win the best picture award. These events depend on the positive social media 
information (positive signals) generated by users themselves. If a positive signal is received 
for movie j on day d (denoted by the movie daily positivity index), we consider there exists 
an observation of the event that movie j wins the Oscars and we increment oj, the relevant 
parameter of the Dirichlet distribution, by one. Agents’ beliefs bj are given by the expected 
value of movie j winning the Oscar as provided by the Dirichlet distribution.
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9.5.3.2 Agents Trading

One agent is assigned to each social media information source and processes the content 
generated only by the information source assigned to it. Trading is performed as follows. 
The agent evaluates the content generated per day and updates his belief function. Then he 
submits buy or sell offers for the movie(s) it considers as most successful.

We make use of three methods to model agents trading behaviour. In the first method 
denoted as ‘B’ (for Buy), agents do not have constraints on their wealth nor a utility function. 
They buy one contract per day of each movie j they consider favourite according to their 
beliefs, that is if bj > pj where bj is the agent belief for movie j and pj the current market price 
for the same movie. In the second method denoted as ‘BS’ (for Buy-Sell), agents compare 
the current market price of each movie against their internal belief and buy one share if bj 
> pj or sell if bj < pj . If bj = pj no transaction occurs. Similarly to ‘B’, agents do not have 
constraints on their wealth in ‘BS’. In the third method denoted as ‘L’ (for Log utility), we 
enforce a constraint on agents’ wealth and employ a log utility function, similarly to Hanson 
(2002). Agents are price-takers and trade so as to maximize their subjectively expected 
utility: Agent i with wealth wi decides how many movie-contracts qij of movie j to buy at 
price pj by solving the following problem:
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where maxBet is the wealth constraint. In Appendix B provide the solution to this problem.

9.5.3.3 Market Mechanism

In IMs a market mechanism is employed to allow trading on the virtual contracts. The 
main purpose of such a mechanism is to serve traders’ buy or sell orders. Although several 
mechanisms can be used such as call auctions or pari-mutuel mechanisms, the majority of 
IMs make use of either Continuous Double Auction (CDA) or a mechanism with Market 
Maker to ensure liquidity. In our work we use a mechanism with market maker and more 
specifically the logarithmic market scoring rule market maker (LMSR) (Hanson, 2007) due 
to its wide acceptance by prominent IMs.

Market makers ensure the market is liquid by always having a published price at which 
they are willing to buy or sell. They make profit by maintaining a spread between the prices 
at which they buy and sell; the quoted price is the price at which traders can buy or sell. 
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Automated market makers set the price according to a rule that tells them how much to 
raise (lower) the price when a buy (sell) order is processed. 
For LMSR a cost C(q) and a pricing function p(q) are computed as follows (see also Chapter 
3):
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where q is a vector which represents the number of orders (futures contracts) on each state 
that have already been accepted by the market maker and a (referred as market liquidity 
factor) is a parameter that must be chosen by the market maker. It represents the risk that 
the organizer is willing to accept. The greater the value of a, the more orders the organizer 
is likely to accept and more liquidity or depth is added to the market, meaning that traders 
can buy more shares at or near the current price without causing massive price swings. The 
cost function is used to calculate how much money one should pay (receive) when buying 
(selling) an amount of futures contracts. The price function provides the current market 
prices considering that q futures contracts have been accepted.

With the use of LMSR, the sum of the futures contracts prices is always equal to 1. In real 
life IMs these prices correspond to actual probabilities of the event occurring. Although in 
our case we cannot allege that prices reflect probabilities, they provide a means to select 
the winning movie (i.e. the highest price movie) and reveal a relative confidence (estimated 
by the price differences – the higher the differences the more confident the result of the 
market).

9.6 Implementation

In order to implement agent-based markets, we extended WIM with a set of web services 
which allowed for trading and retrieval of contracts’ information. The software agents 
were implemented in JAVA and consisted of three distinct modules which incorporate the 
functions described in the previous sections:  social information processing, agent beliefs 
module and agent trading module.
Agents update their beliefs using processed information from social media and make use of 
WIM’s web services to retrieve contract prices before trading. After calculating how many 
contracts should be bought or sold, agents submit buy or sell orders using WIM’s trading 
web services. Figure 9-2 presents our platform which was named SPEAR:  Social media 
Predict future Events with Agent-based maRkets.
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Figure 9-2: Spear Architecture
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9.7 Results

The primary purpose of our experiments was to compare the predictive accuracy of our 
approach against human-based IMs and polls that attempt to predict the best movie Oscar 
award winner for the years 2004-2010. We could not provide trustworthy analysis prior 
to 2004 because of the scarcity of social media content. We compare our results with the 
Hollywood Stock Exchange, the IMDb Oscar polls and the predictions obtained by ranking 
movies based on the average of user ratings. 

 Table 9-2 presents the results of our experiments (a green square indicates a successful 
prediction, a red circle indicates a failed prediction). For reasons of brevity this table presents 
only the case in which market liquidity is set to 100, the time window is set to 60 days and 
the BS trading method is used. As can be seen in Table 9-2, our approach outperforms the 
IMDb polls and the average of ratings, and is able to predict the Oscar winner as accurately 
as HSX. Neither our approach nor HSX or IMDb polls predicted the 2006 award; that year 
the outsider movie “Crash” pulled off one of the biggest upsets in Academy Awards history, 
winning best picture over the front-runner “Brokeback Mountain”. In Table 9-2 we also 
depict the predictions achieved when using a single social medium as a source for the agent 
beliefs in the IM. We observe that when single social media are used, predictive accuracy 
decreases. By incorporating multiple social media the possibility that the IM satisfies 
Surowiecki’s (2004) conditions (i.e. opinion diversity, independence and decentralization) 
increases. 
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Table 9-2: Comparison of the predictive accuracy of each social medium, the IMDB 
polls, HSX and our approach.

Year 

Method 
2004 2005 2006 2007 2008 2009 2010 

Prediction of IMDb polls        

Prediction of HSX        

Average of user ratings from social 
media        

Predictions 
based on 
agent-
based IM: 
the case of 
single 
social 
media 

Imdb.com         

Flixster.com − −      

RottenTomatoes.com        

YahooMovies.com 
(user ratings) 

− −      

YahooMovies.com 
(expert ratings)        

Twitter − − − − − −  

Query analysis        

Our approach (Predictions based 
on agent-based IM: the case of 
multiple social media) 

       

 

We study the sensitivity of our results by evaluating the effects of changes in the parameters 
of our approach. In this respect, we run experiments for three levels of market liquidity by 
modifying the market liquidity factor of the market maker at the levels 10, 100 and 1000 for 
the B, BS trading methods, and 1000, 1500 and 2000 for the L trading method (we had to 
increase the market liquidity factor for the latter case as more money were invested by our 
agents which caused a high increase of the market prices). For each liquidity level we set 
the market window at 30 to 90 days with an interval of 10 days because we observed that 
over 90% of user content is submitted within this time frame. 

We examine the effects of market liquidity and market window for each one of the three 
trading methods; i.e. the use of each method results to 147 predictions (7 years, 3 liquidity 
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factors and 7 time windows). These results are given in Table 9-4, Table 9-5 and Table 
9-6. Our results exhibit rather limited variation with respect to the parameters examined. 
Specifically, we observed that our results are always successful for market windows greater 
than 60 days (with the exception of the results for the year 2010 when the BS trading model 
is used and market liquidity is set to 10) compared to HSX. For lower market windows we 
observed 18 failures. Hence, once the time window is big enough to allow adequate user 
generated content to be processed the IM is able to predict properly the event outcome.

 When employing limited liquidity in our market (values of the market liquidity 
factor 1000 for the B and BS trading models and 2000 for the L trading model), we 
observed low variations in market prices. The mean differences between the first ranked 
movie contract (highest priced) and the second ranked (second highest priced) were quite 
low (0.01 monetary units) for all trading strategies. For moderate and high market liquidity 
(values of the market liquidity factor 10 and 100 for B and BS or 1000, 1500 for L) the 
average difference between the winning movie and the second ranked movie was 0.2 
monetary units providing clear evidence of the winner. 

Table 9-3: Summary of the experiments with agent-based markets.

Research Question How can we enhance preference aggregation using market?
Context Prediction of the best picture Oscar award winner
Software Spear
Contracts 5 contracts for years 2004-2009, 10 contracts for year 2010
Duration 147 runs (7 years, 3 liquidity factors and 7 time windows)
Participants Computational agents act as participants. 
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Table 9-4: Predictive accuracy or our approach for various values of the market liquidity 
factor and the market window, with the B trading method.

     Time  
 window 

 (days) 

Liquidity 

 

 

 
30 40 50 60 70 80 90 

1000 2004        

2005        

2006        

2007        

2008        

2009        

2010        

100 2004        

2005        

2006        

2007        

2008        

2009        

2010        

10 2004        

2005        

2006        

2007        

2008        

2009        

2010        
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Table 9-5: Predictive accuracy or our approach for various values of the market liquidity 
factor and the market window, with the BS trading method.

 Time 
 window 

 (days) 

Liquidity 

 

30 40 50 60 70 80 90 

1000 2004        

2005        

2006        

2007        

2008        

2009        

2010        

100 2004        

2005        

2006        

2007        

2008        

2009        

2010        

10 2004        

2005        

2006        

2007        

2008        

2009        

2010        
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Table 9-6: Predictive accuracy or our approach for various values of the market liquidity 
factor and the market window, with the L trading method.

               Time 
 window 

 (days) 

Liquidity 

 

 
30 40 50 60 70 80 90 

2000 

 

2004        

2005        

2006        

2007        

2008        

2009        

2010        

1500 2004        

2005        

2006        

2007        

2008        

2009        

2010        

1000 2004        

2005        

2006        

2007        

2008        

2009        

2010        
 

Concerning the L trading method, we investigated the impact of a continuous IM (i.e. a 
market spanning multiple years) on the wealth of our agents. In this case good predictors are 
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rewarded every year based on their performance and consequently their wealth increases. 
This way good predictors potentially have more money to invest and may affect greatly the 
outcome of the market. Figure 9-3 presents a graph of the agents’ wealth fluctuation when 
we initially allocate 1000 monetary units. Good predictors, such as the Google queries, 
gain money and thus influence the market. Bad predictors, e.g., YahooMovies (user ratings) 
lose money and cannot influence the market. Note that the annual total gain of all agents is 
positive.

500

1000

1500

2000

2500

3000

3500

4000

4500

2004 2005 2006 2007 2008 2009 2010

Per year sum of 
agents gain
YahooMovies.com 
(user ratings)
YahooMovies.com 
(expert ratings)
Imdb.com 

Flixster.com

RottenTomatoes.com

Query analysis

Figure 9-3: Agents’ wealth per year. Good predictors (such the google queries) gain money 
and thus influence more the market. Bad predictors (e.g. Yahoo!movies) lose money and 

cannot influence the market. The annual total gain of all agents is positive.

9.8 Discussion

Our results suggest that feeding social media information to an agent-based IM can provide 
insight on the realization of future events. In Table 9-7 we summarize our choices, provide 
guidelines for applications of our approach in other domains and list areas for future 
research.

Our experiments provide evidence that by adding more information sources better 
results can be obtained. The exploration began with using ratings from Imdb.com only; we 
increasingly added more information sources until we obtained as good predictions as those 
of the human-based prediction market HSX. This puts forward the need for a ‘dry run’ 
to identify the adequate number of information sources for the domain of interest before 
using the system to predict future events. One should check the system capability to predict 
known past events with a starting set of sources and add more if needed.
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Table 9-7: The steps we followed, the choices we made in our application, a set of 
guidelines for applications in other domains and suggestions for further research.

Design issue
Choice in our 
application

Justification of our 
choice

Guidelines for other 
applications

Further research

So
ci

al
 M

ed
ia

 C
on

te
nt

 E
xt

ra
ct

io
n

Selection of 
information sources

- Prominent movie 
discussion forums

- Search engine 
results

- Twitter posts

The selected 
information sources 
contain a wealth of 

diverse, independent 
and decentralized 

social content about 
the target event

A dry run is required 
to assess whether 

enough information 
sources are utilized; 

i.e., one should check 
the system capability 

to predict similar 
past events with the 
selected sources and 
add more sources if 

needed 

Investigate types of 
information sources, 
quantity of content 
required for other 

application domains such 
as politics and sports

So
ci

al
 In

fo
rm

at
io

n 
Pr

oc
es

si
ng

Processing of user-
ratings

Daily averaging of 
ratings and separating 
positive and negative 

comments at the 
middle of the scale

Averaging of ratings 
and detection of 

sentiment polarity on 
a daily basis provide 

simple but sound 
aggregate measures 

of users’ opinions and 
their evolution over 

time 

For each information 
source containing 
user ratings, one 

should identify the 
appropriate cut-off 

between positive and 
negative ratings

Investigate advanced 
rating aggregation 

approaches that take into 
account indifferent or 

indecisive entries

Processing of user-
comments

Open source tool for 
sentiment analysis 
based on statistical 

processing (see 
section 4.2)

The selected sentiment 
analysis tool is 

optimized for movie 
reviews

A sentiment analysis 
tool applicable to 
the domain under 

consideration should 
be employed

Make use of other 
sentiment analysis 

methods and tools which 
incorporate lexical 

analysis (Pang & Lee, 
2008)

Query analysis

Phrases expressing 
positivity according 

to (Krauss et al., 
2008)

This is an effective 
approach, already 

studied by Krauss et 
al. (2008)

Expressions relevant 
to the domain of 
interest should be 

used

Extend the set of 
expressions and apply 

natural language 
processing techniques 
e.g., to automatically 
extend the vocabulary 

with synonyms

M
ar

ke
t B

as
ed

 C
ol

le
ct

iv
e 

In
te

lli
ge

nc
e 

w
ith

 A
rti

fic
ia

l A
ge

nt
s

Agents Utility
Log utility (Wolfers 
& Zitzewitz, 2005)

Log utility has been 
already applied in 

theoretical modelling 
of IMs which proves 

the reflection of agents 
beliefs on market 
prices (Wolfers & 
Zitzewitz, 2005)

Log utility can be 
used in other domains 

as it provides a 
straightforward 

and proven utility 
function

Investigate the utilization 
of other utility functions 
such as constant absolute 

risk aversion, constant 
relative risk aversion

Selection of trading 
mechanism

Logarithmic market 
scoring rules 

(Hanson, 2007)

Logarithmic market 
scoring rules assure 

liquidity as the 
market maker always 

announces prices 
offering both to buy 
and to sell futures 

contracts

The use of 
logarithmic market 
scoring rules has 
been proven in 

various IM settings 
and hence they can 
be used readily in 

other domains 

Research the utilization 
of other market 

mechanisms such as 
continuous double 

auction or pari-mutuel 
betting
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Another observation refers to the self-adjustment of our system through the allocation of 
more resources to good predictors. In a setting with repeated events, the wealth of agents 
who invest on the correct outcome increases, and subsequently their influence the market is 
amplified. The effect on the price of the correct outcome was noticeable.

Considering the limitations of our work, we note that it can be generalized only for 
discrete event outcomes and not for event outcomes drawn from a continuous variable 
(such as box office values of movies). Further, due to the limited access to social media 
information before the year 2004, we could not evaluate the predictive accuracy of our 
approach over a longer period. Concerning the processing of social media content, we 
introduced an arbitrary cut-off between positive and negative ratings, set to the middle of 
the relevant scales. While this is a logical assumption, such a selection does not take into 
account ratings by indifferent or indecisive users.

In order to test the applicability of our approach in other domains, we setup an experiment 
to predict the 2010 soccer world cup winner. We created a IM with 32 outcomes (as many as 
the participating teams), we gathered posts from sports discussion forums (footballforums.
com, www.punterslounge.com) and query results from Google and Twitter. We processed 
the forum posts to identify the team they were referring to and their sentiment. Our agents 
traded with this information and Spain, the actual world cup winner, was the highest priced 
contract at market end.

In our approach event prediction is based on IMs; an alternative approach would be to fit 
a regression model to user generated content. We investigated various correlations between 
user ratings and the Oscar award winner but could not identify statistically significant 
predictors.

The advantages of using computational agents to abstract and model human behaviour in 
IMs are many-fold. Agents do not require incentives and recruitment thus the markets scale 
up fairly easy. The agents’ valuation of probabilities of events depends solely on their belief 
function, which does not exhibit abnormal behaviour at the two ends of the probability 
spectrum. Last, agents are not programmed to manipulate the market. We expect that with 
the growing amount of user-generated content and the emergence of domain-specific social 
websites, approaches such as agent-based IMs will be able to provide useful and reliable 
predictions about a plethora of future events.



178



179

Chapter 10

Conclusions 

This final Chapter summarizes the findings of this thesis and the answers to the research 
questions defined in Chapter 4. In section 10.2 limitations of preference markets are 

highlighted, while directions for further research are given in section 10.3. We conclude 
this thesis with some final thoughts in section 10.4.

10.1 Contributions of this Work

The main goal of this work was to address the four research questions raised in Chapter 4. 
Given the results of this work, these can be answered briefly as follows.

Research question 1: 

 How to engineer an information system for preference markets?

Chapter 5 presented the elicited user requirements for Web-based Information Market. 
The need for addressing four scenarios was identified. Content evaluation was designed 
to aggregate participants’ preferences into market prices and provide decision makers the 
means to consult a wider audience when faced with alternative options. Content enhancement 
and generation were designed to allow participants modify and propose alternative options 
in the form of futures contracts. These scenarios drive participants’ creativity and offer ??
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Research question 2:

 What is the role of facilitator in preference markets?

The question was analysed in Chapter 6 where we established the concept of market 
facilitation restrictiveness with three levels of interventionism. The least restrictive level 
(which we named anarchist mode) allows complete freedom for the participants to add new 
content into the market. The moderate level of restrictiveness, which we call the “democratic 
mode”, allows participants collectively to decide through an IPO process, which contracts 
are introduced into the market. At the highest level of restrictiveness, the “authoritarian 
mode”, the acceptance of newly created ideas is under the full control of a single market 
facilitator. 

Our experimental results indicated that the anarchist and democratic modes yield 
significantly higher quantities of ideas than the authoritarian group, while the anarchic group 
provides significantly more ideas than the democratic in alignment. Market facilitation 
restrictiveness affected the quality of the contributions as well and we concluded that the 
quality of ideas decreases when the market facilitation restrictiveness is looser.

The findings suggest that in cases where the quality of generated ideas is a consideration, 
the authoritarian mode of IMs is the most appropriate approach. Nonetheless the requirement 
of experts’ availability to monitor the market and screen ideas needs to be carefully 
considered. On the other hand, the democratic mode of IMs is also able to yield large 
number of ideas of similar quality to the authoritarian mode. Moreover, the democratic 
mode is easier to implement because it does not require the presence of a human facilitator.

Research question 3: 

 What is the performance of preference markets against alternative approaches?

In Chapter 7 we compared in an experimental setting preference markets against a traditional 
electronic brainstorming forum in terms of the quality and quantity of user generated ideas. 
We found that with IMs, we can obtain similar (in the case of the authoritarian mode) or 
higher (in the case of the democratic and anarchic modes) quantities of ideas than with 
traditional brainstorming systems. The quantity of ideas of the authoritarian group, which 
had the highest level of restrictiveness in our IMs, was approximately the same as in the 
control group that had no restrictiveness. Furthermore, with IMs, we collected ideas of 
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better quality (in the democratic and authoritarian cases) than with the traditional system 
used in the control group, although the anarchic group, which resembled the conditions of 
our control group in terms of restrictiveness, provided ideas of similar quality.

Chapters 7 and 8 presented the results of four empirical applications. First, we deployed 
preference markets in the context of innovation management for idea evaluation at SAP 
A.G. and for idea generation and evaluation on behalf of the Levier Living Lab. The cases 
showed a positive feedback from decision makers and participants. The assistant director 
of SAP Inspire informed us that the market outcome was going to be considered before 
reaching final decisions whereas the alignment of their opinion and that of the employees, 
although not exact match, strengthened their position. The interviewed decision makers of 
the Laval Living Lab confirmed that with IMs they were able to collect more and better 
ideas than other brainstorming tools they have used in the past. They also appreciated 
the fact that preference markets gave participants the capability simultaneously to propose 
and evaluate ideas. Next, we applied preference markets for e-Participation in cooperation 
with the state of Bremen in Germany with the goal to evaluate ideas for re-factoring the 
‘Bible history’ class in Bremen schools and on behalf of the European Commission for a 
public consultation on Information and Communication Technologies for enabling energy 
efficiency. The outcome of semi-structured interviews with decision makers was that the 
approach proved to be beneficial. The decision makers at the ministry of education in 
Bremen appreciated the increased citizens’ participation and informed us that they would 
use the market output before reaching their final decision. Positive comments were received 
by EC officials as well, who appreciated the fact that participants provided diverse and 
innovative ideas.

Research question 4: 

 How can we improve preference aggregation using markets?

In order to address this question we proposed, designed and implemented agent-
based preference markets in Chapter 9. We demonstrated that, by feeding social media 
information to an agent-based IM, we can aggregate user preferences in market prices 
and derive actionable information in order to assess the realization of future events. In our 
experimental, setting we managed to acquire similar results to human IMs while employing 
information from a wealth of social media sources. Our approach can be used to incorporate 
in the market user preferences expressed in social media applications such as reviews, 
comments and ratings in forums and blogs, or in their interactions with search engines. In 
this respect agent-based markets consider the preferences of a larger audience and improve 
preference aggregation using markets.
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10.2 Limitations 

The limitations of the work conducted to address the research questions of this thesis have 
been presented in the Chapters 5 to 9. In this section we discuss some general limitations 
of preference markets.

To begin with, we have to note that the use of markets for preference aggregation 
requires a specific mentality. Based on our experience, we report that we faced situations 
where participants expressed their objections because the approach was thought to be ‘too 
capitalistic’. Further, IMs are not able to capture fine-grained feedback from participants: e.g. 
enable participants to rate according to specific criteria. Past studies (e.g. Shoukhoroukova, 
2007) have identified that IMs can offer a different perspective when evaluating alternatives, 
but for an organization to rely solely on IMs would require a strong belief in the ‘wisdom 
of the crowds’ and decision makers to lose control to a certain extent. Nevertheless, IMs 
can contribute to decision making by early signalling of prominent alternatives and by 
initiating further investigations for those alternatives that are highly ranked, or whose 
ranking deviates from that of other methods.

Another challenge which can be difficult to address is that of data security and intellectual 
property. The market outcome, i.e. the contract prices themselves, become known to all 
traders immediately, so data security may pose a problem in preference markets. The issue 
of intellectual property manifests itself in two ways (Bonabeau, 2009). First, a company 
or organization needs to disclose information about its problems to a wide audience, and 
such transparency can be very difficult in many situations, e.g. for companies that have 
kept close wraps on their intellectual property. Second, when a company or organization 
seeks solutions from its external environment, it needs to determine whether and how it will 
assume ownership of the resulting intellectual property. Special consideration is required to 
ensure that the intellectual property is the participant’s to give.

In addition, the cost of deploying a preference market is not negligible. Besides technical 
investments in trading software and infrastructure, multiple participants need to be recruited 
and motivated to participate.  Although the use of real money is not required, their virtual 
portfolio can be converted to a reward. One should also consider the cost of the total time 
participants spend as they need to be trained on the concept of trading and familiarize 
themselves with each contract. Moreover, compared to simple rating or voting schemes, 
participants need to visit the market regularly to update their investments. Nevertheless, 
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this gives participants the opportunity to change their preferences as new information 
emerges and the need.

Finally, similarly to real markets, IMs are not always efficient and manipulation attempts 
in which participants try to influence the prices of specific stocks for own benefit can be 
observed; see, for example, Leigh and Wolfers (2002). Although research has shown that 
manipulation does not have a discernible effect on market results (Hanson, 2006b), IMs do 
suffer from speculative bubbles that drive prices away from their likely outcomes (Wolfers 
& Zitzewitz, 2004). Moreover, IMs should not be used in cases where outside interests 
are dominant in determining the position of the traders (Wolfers & Zitzewitz, 2004). For 
example, it is not appropriate to run a market for ideas generation where only the ideas 
creators would trade on the idea the company should adopt; in such a case, trading could 
conceivably be driven primarily by an interest in influencing the outcome. For an in-depth 
analysis of forms of foul play in IMs, please refer to (Hanson, 2006b).

10.3 Further Research

10.3.1 Collaborative idea evolution

Although markets are by nature competitive, there is room for participant’s collaboration 
in preference markets. In our experiments collaboration between participants for the 
development of ideas was not supported. It would be interesting to design markets which 
permit collaboration by allowing users to contribute to existing ideas, thus becoming 
co-creators, participating in the risk of failure or the joy of success. For example such a 
design can be achieved by representing original ideas as blog posts; participants may then 
contribute to the original idea by adding their own suggestions as comments to the blog 
post. Blog posts as well as comments can then become tradable contracts in the market so 
that both original ideas and suggestions for improvements can be evaluated.

10.3.2 Explicit feedback in preference markets

In preference markets, users express evaluate the available option through trading. 
Nonetheless, more detailed feedback obtained with e.g. multi-criteria decision support 
methods or with online discussion forums can be valuable for decision makers. Thus, it 
seems highly promising to combine prediction markets with existing – both quantitative and 
qualitative – decision support methods. Such a market platform would allow participants 
to draw on additional sources of information and make more informed trades. Developing 
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such a platform and identifying ways to combine preference markets and other decision 
support tools is up to future research.

10.3.3 Extensions of agent-based preference markets

The results from Chapter 9 reveal the potential of agent-based IMs. By employing the 
preferences of humans expressed in social media, such as forums, blogs and internet 
queries we were able to derive actionable information and successfully identify best movie 
Oscar award winners. Furthermore we were able to forecast the 2010 Soccer World Cup 
champion. 

Our results show that agent-based IMs can be used for both forecasts and preferences’ 
aggregation which extends the arsenal of potential application domains. Future research 
could explore the performance of agent-based IMs in more application domains such as 
politics, sports or business and investigate types of information sources and the quantity 
of content required to reach optimal results. In addition, more advanced techniques for 
processing social information and alternative market designs (e.g. use of the continuous 
double auction trading mechanism) as well as agent designs (e.g. use of utility functions 
such as constant absolute risk aversion).

Furthermore, the approach can be further extended to populate an IM with both human 
and software agents. This form of hybrid human-agent markets can confront problems 
that appear when IMs are deployed in settings with few participants and low liquidity 
or lack of diversity and shortage of information among participants. Such problems are 
typically encountered within corporate environments and constitute obstacles that hinder 
the implementation of IMs. Several research questions appear to be worth investigating for 
hybrid markets: Can such markets perform better than traditional ones? Which application 
domains are suitable for hybrid markets?

10.4 Final Remarks

In this thesis we have examined the use of IMs for preference aggregation. First an 
information system for preference markets was engineered and implemented. Our system 
was used to understand the role of facilitator in preference markets and to identify the 
performance of preference markets in the domains of innovation and e-Participation with 
experiments and real-life cases. Furthermore, we introduced an approach with agent-based 
markets in order to enhance preference aggregation using markets.
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Our results indicate that IMs can foster participation and stimulate participants to 
contribute ideas. With the proliferation of open innovation strategies and the increasing 
importance of early, up-front innovation, IMs can be utilized to involve both corporate 
employees as well as consumers, suppliers or any other kind of external experts, allowing 
firms to collect ideas from external channels. It is notable that increasing numbers of large 
firms are following the open innovation paradigm in an effort to gather ideas residing 
in public research centres, universities and small firms (Chesbrough, 2003). IMs role in 
e-Participation settings can be beneficial too, as they can be used by governments and 
public organizations in order to facilitate citizens’ participation in policy making.

Finally, the advantages of using computational agents to abstract and model human 
behaviour in IMs are many-fold. Agents do not require incentives and recruitment thus the 
markets scale up fairly easy and are not programmed to manipulate the market. We expect 
that with the growing amount of user-generated content and the emergence of domain-
specific social websites, approaches such as agent-based IMs will be able aggregate user 
preferences for a plethora of topics.
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Appendix A: Invitations for Participation

Invitation to ICT4EE Consultation Participants:

Subject: European Public Consultation and Idea Market for ICT for energy efficiency 

July 4th, 2008

Dear …

Please take the opportunity to be protagonist in the public consultation on Information and Communication Technologies enabling 
energy efficiency 

http://ec.europa.eu/yourvoice/ipm/forms/dispatch?form=ICT4EE

and, besides filling in the consultation questionnaire with your ideas, enjoy also your participation in the Idea Market for enabling 
energy efficiency . This is our first attempt to engage our community in a purposeful collective Living Lab initiative. 

Idea Markets rest on the concept of bringing a group of participants together via the Internet and allowing them to express their opinions 
through trading idea-contracts. You can buy contracts of ideas you believe will be successful and sell them if you believe that will not 
perform as well as others or even fail. Your goal is to maximize your portfolio, by buying low and selling high!

By simply clicking at http://review.game-host.org/ you can insert your ideas and buy/sell contracts of ideas.

We draw your attention on the time duration of the market: it opens on 4th of July and ends on 21st of July. It will operate 24/7 so that 
you may access it whenever you have time.

The purpose of deploying IDEM in this context is to allow you to submit and evaluate ideas (potential proposals to the EC) in the area of 
ICT for Energy. Capitalising commercially on excellent research capacities is a key European challenge to be responded to. Representing 
advanced user-driven open innovation methodology, Living Labs pro-actively bridge this innovation gap between information and 
communication technologies, applications and societal challenges by integrating all relevant actors into a flexible service and technology 
innovation ecosystem.

While you may have an interest in several of the areas of the Public Consultation, we do encourage you, while responding, to especially 
consider the potential effects of Living Labs and user-driven open innovation in the area of Structural Change, i.e. ICT-enabled 
structural changes for a low-carbon society. Enabling structural changes in Business/Work/Mobility models across the economy and 
society is the most challenging, least clear and yet potentially greatest area of opportunity. 

Kind regards, Roberto

Be cool. Get involved in the “hottest” issue on the Planet.

Roberto Santoro, President, European Society of Concurrent Engineering EsoCE-NET

Chair, AMI Communities; Chair, Living Labs Governance Task Force

Member of Restructuring consultation group, ICT for Energy Efficiency

Lesley Gavin, Futurologist, Research & Venturing, BT Group Chief Technology Office,

Co-chair of Restructuring consultation group, ICT for Energy Efficiency

Veli-Pekka Niitamo, Director, Nokia; Chair, Living Labs Portfolio Leadership Group

Co-chair of Restructuring consultation group, ICT for Energy Efficiency

Álvaro Oliveira, Managing Director, Alfamicro Lda.

Co-chair, Living Labs Portfolio Leadership Group
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Invitation to SAP employees for:

   

   

 
      
      
   

   

NEW ONLINE TRADING TOOL FOR EVALUATING IDEAS  

Dear Colleagues,  
You are invited to participate in a trading competition using idem, an innovative Prediction Market application for 
evaluating ideas. In this competition you will have to predict how successful different software ideas will be in 
shaping the future of SAP products.  
Interesting ideas about products or improvements to SAP products have been submitted by SAP employees over the 
past year to CoIn, SAP's Collaborative Innovation Management platform. These ideas are now available to  you to 
buy or sell using idem.  
Once you login this tool, you will be given some initial play money and stocks. Use the "Trade" button and select the 
market displayed to see the list of ideas, and use your money to buy more stocks of ideas that you believe will be 
successful. You can also sell stocks of ideas you consider unlikely to succeed, in order to earn more money. You are 
then encouraged to comment on ideas and rate them using the given criteria. 
In a Prediction Market, the price of an idea represents the probability of that idea to succeed, and fluctuates between 0 
and 100. Keep that in mind when trading and choose your favourite probability-price. Remember to buy low and sell 
high! You win the competition if you have more money and a bigger stock portfolio than others, at the end of the 
trading period. 
Your trading in idem will be an important contribution to determining the value of these ideas for SAP and will 
represent your input to SAP's research and innovation programmes. 
For more information on how to play use the help provided by idem. For information on Prediction Markets see 
https://wiki.wdf.sap.corp/display/SAPInspire/Prediction+Markets (if you are not allowed access, click on your name 
in the error page, and then follow the link for registration to the SAP Inspire wiki). 
The experiment will run for approximately 4 weeks, after which the market will close and the winner will be 
announced. 
For questions and technical support please contact the developer, Efthimios Bothos.  
We are looking forward to your participation! 
Best regards,  
 
Ben Greene 
Research Director 

SAP Research CEC Belfast 
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Appendix B: Proofs

We consider the case of one agent that is about to decide how many contracts to buy. 
Furthermore we focus on the five outcome case for the sake of simplicity. 

When  Betwt max≤   agent t solves the following problem:

 )ln()ln()ln()ln()ln( 555444333222111 pqbpqbpqbpqbpqbZ ++++= (27) 

Where bi denotes the agent’s belief that option i will occur, qi the quantity of contracts the 
agent wants to buy and pi the current price of the contract corresponding to option i.

The conditions the agent considers in this case are given by:
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Using Langrangian multipliers λ1, λ2, λ3, λ4, λ5, λ6 we get:
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The derivative with respect to λ1 while setting to zero yields:
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To identify the quantity per qi we have to solve all equations derived by (32) as a function 
of the respective qi. For example q1 as a function of q2 is calculated as follows:
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21
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Replacing in (30) and solving for q1 yields:

 

1

1
1 p

bwq t= (36) 

Similar formulas can be calculated for all qi.

When  Betwt max>  the agent solves the following problem:

 )ln()ln()ln()ln()ln( 555444333222111 apqbapqbapqbapqbapqbZ +++++++++= (37) 

Similarly to the previous case bi denotes the agent’s belief that option i will occur, qi 

the quantity of contracts the agent wants to buy and pi the current price of the contract 
corresponding to option i.

Additionally,  ∑−=
i

iit pqwa

Using Langrangian multipliers λ1, λ2, λ3, λ4, λ5, λ6 we get:
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We set the derivative with respect to qi equal to zero and get:
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And:

 01 =+ ii qλ (41) 

From (39), (40), (41) we get a number of solutions, depending on which of the qi are set to 
zero. We demonstrate one of these solutions:

0,0,0,max0,max0 215,4,321 ===<<<< = λλiqBetqBetq (42) 

 The solution is found by combining (39) for i = 1,2 and (42) under the constraint of (41):
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Each agent calculates q1, q2. If maxBet > q1 > 0 and maxBet > q2 >0 then the solution given 
by (43) and (44).

We find that this is solution is a local maximum using the Hessian of (38), which is shown 
in (45):
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The principal minors of Hessian A satisfy the conditions for a local maximum:
(-1)nHk > 0
Where Hk is the principal minor of order k. For example:
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Appendix C: Proposed ideas

Here we present the list of ideas proposed and traded during the Laval Living Lab 
case and the case we run in cooperation with the European Commission regarding ICT 
solution for enabling energy efficiency.

Table C-1: Ideas proposed during the Laval Living Lab case.

Title Description

Full feet The principle idea of the “full feet” is to have the same level in all 
places where visitors must travel, and more specifically the disabled 
ones.

Rehabilitation of the station The rehabilitation of the station is to develop equipment to facilitate and 
secure access for all.
For example: A guide by contrasting colors, sound guide, treadmills and 
lift for the disabled.

Elevators for Disabled Persons The principle of lifts for disabled guests is to equip some places where 
it is not possible to establish access for all or for safety reasons related 
to crowd movements (e.g. a stadium).

Bus Terminal The principle of the bus terminal is to arrange access to a specific place 
(e.g. the fairground and the Multicultural Centre) by the establishment 
of a bus station at the same level as the floor of the bus and protected 
from traffic.

Road Traffic Planning The principle of management of road traffic is to set up equipment to 
ensure smooth traffic and safety (avoiding traffic jams).
The aim is also to avoid cross flows between pedestrians and 
automobiles, and facilitate pedestrian access from parked cars.

Contrasting Colour Guide The principle of contrasting colors guides is to help people identify 
a place, orient and find their way along a contrasting color for that 
specific location or a destination (eg a forum to stage a room exhibition, 
a dock at the station).

Audio Guide The principle of the sound guide is to specify a specific path through 
the terminals, possibly illuminating with contrasting colors, emitting a 
sound corresponding to a selected location.
The specific location selection will be made at the main entrance 
equipped with touch screens communicating the sound forward.
A wireless headset would receive the sound without disturbing the 
environment through a permanent transmission of sounds (as in the case 
of pedestrian crossings at traffic lights for visually impaired people).

Even Access for All The principle of equal access for all is to arrange access with solutions 
that help people with reduced mobility to take the same path as 
everyone else.
One possible solution is to set up treadmills that avoid the use of 
escalators.
We need to equip the place has enough space to have gentle slopes (eg 
at the station and the Multicultural Centre).
This equipment is not necessary in the case of a place where all spaces 
are easily accessible.
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Rehabilitation of the stadium The rehabilitation of the stadium is to develop equipment to facilitate 
and secure access for all.
For example: A guide by contrasting colours, sound guide, or a lift for 
the disabled.

Glass-touch screen on board The principle of the glass touch screen is to display on board the train 
route and its progression from its route on the glass adjacent to the site.

Rehabilitation of the Parc des Loges The rehabilitation of the Parc des Loges is to develop equipment to 
facilitate and secure access for all.
For example: A guide by contrasting colours, sound guide, bus terminal, 
traffic management and full legs.

Rehabilitation of the Technopole The rehabilitation of the Technology is to develop equipment to 
facilitate and secure access for all.
For example: A guide by contrasting colours, and full sound guide feet.

Design of the Multicultural Centre The design of the multicultural centre is to design equipment to 
facilitate and secure access for all.
For example: A guide by contrasting colours, sound guide, treadmills, 
bus terminal, traffic management and full legs.

Floor solar panel The principle of Pavement using solar panels is to use solar panels 
laminated with layers of plexiglass as robust pedestrian passage wide 
enough for sidewalk and height to ensure accessibility to all. A gentle 
slope to allow vehicles to cross the crosswalk. They provide electricity 
to the neighbourhood without disfiguring the environment. Moreover, 
these panels can be illuminated to cheer up the street and projected 
residual luminescence to materialize crosswalks day and night when 
at least a pedestrian steps onto the entrance passage. This realization 
allows drivers to be alert to the pedestrian crossings.

Ecological lampposts The ecological principle of the lamp is to illuminate the street when a 
presence is detected. When this presence takes away from the lamppost 
after the last relay and reduces its intensity until it reached where 
the presence disappears completely. These poles are equipped with 
technology for detecting presence and a solar panel for generating 
electricity equivalent to consumption.

Communicating bus shelter The principle of free bus communicating with touch panel would 
display the path of buses and the transit time of 2 next bus and display 
the requested information on the neighborhood or the entire city such 
as interactive maps , search for shops or services nearby. In addition, 
neighborhood associations, or city level, could display information on 
their activities such as sports, leisure and relaxation.

Eco sculpture The principle of ecological interactive sculpture is to combine art with 
ecology and awareness of renewable energy. These sculptures may 
contain equipment for generating electricity such as solar panels and 
recycling of paper and other detritus.

Social space aboard The concept of social space aboard a train is to build a wagon floor 
space of social exchange with fun activities or professionals. These 
spaces are configured on demand, such as theater, auditorium, 
conference and workshops.

Intelligent Solar LED Street lighting A new generation of intelligent solar powered systems for street lighting 
High intensity, low consumption solar powered LED street lamp.  This 
system is based on movement detectors and solar powered LED street 
lights. High power LED street lights save up to 80% on power costs. 
High power LED light sources are extremely efficient returning a 50 
to 80% saving over conventional sodium or mercury lamps. Unlike 
sodium lights, LED lights do not require a time delay to reach optimum 
brightness levels. LED offers up to eight times more brightness than 
incandescent lamps without emissions harmful to the environment. 
Operating for an average of 10 hours per day LED has a life span of up 
to 13 years, 50,000 hours.
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Wireless checkout portal This would lead to a streamlined checkout process through a ‘wireless 
checkout’  where customers pass through a portal with their RFID 
tagged merchandise automatically charged to their RFID contactless 
payment card and receive automatically a merchandise list on their 
mobile phone. Customers confirm the payment via their mobile phone 
or their finger print.

Point-to-point non-stop mass transit 
transportation

Point-to-point transportation means clean non-stop travel from origin to 
destination.
• Complex network capability
  - Less congestion
  - Faster trips
  - Shorter wait times
  - Networks control system
• Enhanced safety
  - Vehicles adjusts to traffic conditions in few seconds
  - Meets current APM standards
• Greater capacity
  - Provides up to three times the service
    compared to other control systems on the same size network

Mobile living furniture Inherently with a more mobile style of life, there is a constant challenge 
with moving furniture. The idea is to keep away from all nightmares 
about problems of moving furniture when changing home in designing 
furniture based on the requirement of the transportation system through 
the use of furniture boxes.

Bed storing A bed stored up in the ceiling.

The car park for free electrical car 
sharing

The city of Paris will adopt a new way of transport until the end of 
2009. Mayor Bertrand Delanoë announced last week that the Parisians 
will have around 4000 public electric cars to travel with in Paris and in 
the near suburbs.
The service is called Autolib, and it is subscription-based, the user 
pays around $390/month and the EVs will be available for pick-up and 
delivery at 700 spots around the city. Users can hop online to specify 
where they’ll return the car, and they’ll be guaranteed a parking spot 
in that location. Still, there’s a 60 miles (96km) limit for traveling 
daily. The price is a little bit spicy, but there are important maintenance 
operations that have to be done to keep the cars going smooth, so it is 
somewhat justified. Let’s now imagine a new type of electrical car that 
can be more easily packed into a free car park!

The City Innovation Pavilion Discover innovative ideas, concepts and scenario solutions to increase 
safety, energy efficiency and wellbeing that will change the face of the 
city! The LEVIER Living Lab from the French Media and Networks 
Competitiveness Cluster is partnering with the Laboranova project to 
present the “City Innovation Pavilion” at the 2008 ICT Conference 
Exhibition. Located in the i-City Virtual World, The Innovation Pavilion 
is showcasing emerging trends, innovative ideas, concepts and solution 
scenarios for new products and cutting-edge technologies that will be 
changing the face of the city.
The Innovation Pavilion features quick-hitting Fast-Track videos and 
New Concept Showcase.  Don’t miss the opportunity to visit it!

Immersive classroom The principle of the immersion classroom is to put students or students 
in the context of the topic they will address during the course and 
display the information in multimedia form on the glass walls that serve 
as a giant screen. This would enable students and students explore the 
theme and work on their understanding so that everyone can participate 
and experience in keeping their respective non-volatile memory.
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Personal space online The principle of personal space online is that students or students have 
a storage place on the web courses, assignments and other documents 
or multimedia objects that are needed for their classes or at home. In 
the classroom equipped with individual seats a touch pad would allow 
access to all documents and multimedia objects. This tablet touch 
screen could also be used to access the web and communicate with 
other students for group work.

Tablet or touch screen on board The tablet or touch screen on a train would be ordered, enhance the 
service on board. It would allow surfing the web, watch videos or listen 
to music or even view the path of the train and its environment geotag 
on a map based on the progress of the train.

Seat pad communicator The idea of the seat pad communicator with mobile touch pad is to 
provide some flexibility in the organization of the classroom. Students 
or students could transform the surrounding atmosphere according to 
their needs for interaction at work in collective groups or project teams.

Free yourself from your baggage. You arrive at Laval and you entrust your luggage to a security company 
that guards for you and forwards them to resort to the desired time. 
You go to your appointments free hand without worrying about your 
luggage.

Supplement to the care of luggage A person arriving at the station could be released from his luggage.
Example: an elderly person, arrives at the station in Laval to go to 
St Berthevin, the service company must be able to wait and take his 
suitcase and bring it to the destination.

RouLib operation ‘= YOUR easy 
mobility’ in town ‘.

For your individual travel in Laval, roll easily on a longboard 
(skateboard = stable long) and move without fatigue to where you 
go. Store Simla on longboard gathering places: bus shelters, railway. 
Longboards 1000 = 700 cars in service under the same momentg 
circulating in the city. City reduces investment, time savings for users 
and reduced pollution.

Access point for motorists Entry “drive in” for motorists who have access tickets to the stadium. 
The ticket control releases a fence and spectators have access to the 
parking lot, then to their seats.

Park electric car rental subscription With a subscription for a full service (that includes using an electric 
vehicle, battery charging, use of a parking space, maintenance ...) the 
user can borrow a small electric vehicle closed, changed to park in 
Laval and leave with another similar vehicle.

Internet Guide The principle of cyber guide is to combine geolocation (Galileo) with 
web access that allows to define in advance a route to follow. Once 
the itinerary prepared a smartphone as a guide giving an indication of 
sound in a wireless headset (beep) to be the least disruptive as possible 
for all persons (including persons with impaired vision). The webcam 
smartphone can identify stores and allow people to recognize the cross 
on the road. From a tag stuck on any object, it would be possible to 
be guided to him or to geotag. For example, to find his car parked in a 
large parking lot or several levels.

Rehabilitation of Room Polivalente Wood frame structure on the room Polivalente of modern art

Réhabilitaion parking on the Laval 
agglomeration

A parking more accessible for important areas near the city centre. The 
parking garage will be below ground.

Allow a virtual site to have knowledge of 
disability adaptations

Construct a fixed structure for all accessibility as a museum does not 
assess its projects with constantly changing ways. A virtual site would 
operate in a stimulus that is easily scalable, which would advance 
along with technology. that we avoid going to the show’s disability 
paris or reindeer. As we age, our disability is changing and we need to 
rehabilitate housing for our new technological possibilities. Access site 
provides access anytime, from home, we can wish for.
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Allow access to the station car park for 
people taking the train

The parking operation currently requires the user to take the first train 
in the morning if they want to find a parking space. An increased rate 
for those using the parking over 48 hours would make space for more 
station users

Have a path to the wooden cyclists route

Street light and sound at intersections and 
traffic lights

Incorporate LED lights with a sound system to protect deaf and partially 
sighted people from danger in the late evening or night. This system is 
also useful for anyone traveling at night.

Electric Car Rental Based on the principle of Velib ‘rental of electric cars would move in 
Laval and its suburbs reducing pollution!

Promote local products To promote local trade, a cooperation between farmers could be set 
up so they can sell their products (vegetables, fruits, milk, cheese 
...) directly to individuals. This would make known their products to 
consumers and at a cheaper cost .

Self car garage repair assist 3-d image repair vehicles at your own place, with  virtual assistance by humans 
and 3d imaging ..

Electric mill at river mayenne Production of electricity by the current at river mayenne

Wooden path for cyclists along the 
Mayenne

Ecological, more secure and more FUNNNNN!

Outdoor 3d cinema

RoofCity - Use the roof RoofCity is to use the rooftop space to save space and install useful 
infractures. For example, on a roof one can place solar panels to reduce 
the power consumption of the building. Or a roof as a terrace, could 
be an additional location for bars and restaurants to accommodate 
customers.

Urban roads luminescent Roads are covered with a substance restoring the accumulated light 
during the day (watch needle type)

Wind Farm Creation in the vicinity of a laval area of electricity production

3d urban billboards Attractive billboards to present upcoming events

Coffee (building) on the water. Basically this idea is to make a cafeteria on the water for aquatic Bosst 
tourism. The cafe would be pretty simple on the surface while. Below 
there wiil be a glass cylinder that will serve as restaurant with fish in the 
menu.. The glass cylinder will descend to the bottom of the mayenne ..

Eco Mall A shopping mall built according to ecological principles, solar panels, 
wind turbines on the roof . Produces more electricity than what it needs

Tramway A Streetcar 100% electric rail that connects the different poles of the 
city.

Ecological Residential Quarter Extending the city to a residential ecological district.

Towards an anti-poly disability Provide people with a sensory or motor deficit, a delivery service and 
home delivery, following a command (touch, vibration, voice ..)

Cycling The idea is to create bikes with wheels acting like solar panels.

Table C-2: Ideas proposed during the case we run in cooperation with the European 
Commission regarding ICT solution for enabling energy efficiency.

Title Description
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Open your office in virtual worlds Description: launch a global open source initiative 
for a virtual world secure platform that can be used 
for free by individuals, SME’s and large companies 
to realize their working space in virtual worlds. 
Objectives: reduce energy consumption for buildings 
construction and use in real world by 20% by 2020 
Reduce energy use for transportation related to 
current working practices by 50% by 2020 Create a 
new market for working space and services in virtual 
worlds, which create at least the double of the jobs 
lost in the real energy consuming construction and 
energy industry.

«Viving Labbing»: Greener Avatars for Greener Virtual 
Worlds

Description: create a living lab in virtual worlds 
«Viving Labbing» for ICT for energy efficiency 
Make the avatars in virtual worlds conscious of the 
energy they are consuming, by having a wearable 
meter showing their individual carbon foot print and 
energy real time consumption. Co-create solutions 
for «green virtual worlds» Better servers and better 
algorithms for a greener ICT. Objective: reduce 
current (second life)carbon foot print and energy 
consumption of avatars by 50%

Magic lighting Just imagine that wherever you move from one 
space to another one, if it is dark then the light is 
switched on according to your preferences (i.e. 
intensity) and then siwtched off automatically when 
you leave the current space where you are (except if 
other people came in before you were leaving and 
are still there). Currently, if you just think about how 
many spaces and rooms have the light switched on 
while there is simply no-one inside then it is quite 
easy to foresee how much energy could be saved 
globally. The process of switching on and off, to 
be magic, implies that everyone wear a RFID tag 
on a wearable object (i.e. watch) which will be 
recognised as incoming and then leaving the space 
(otherwise radar detection is not performing so well 
as sometime just a fly could be switching on or off 
the light when moving in and out). It means that 
everyone can check how much energy has been used 
for lighting. For sure it can be generalised for other 
energy consumption like when using a computer or 
any other domotic objects
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Share events by digital video Instead of travelling here and there, let the bytes 
come to you - but in a form that is proven as 
efficient and succesful. VideoBridge is a format that 
links educational events with «broadcast style» - 
so that gives you the feeling of being there. Local 
telecentres or libraries enable whole groups of 
people to link in large virtual crowds. No need to 
understand the esoteric functioning of virtual words: 
The whole thing works perfect in first life.

Connected Travels Based on open standards and SOA technologies, 
build an e-marketplace where users and providers 
of travel information and travel services can expose 
and consume services. This will allow Virtual Travel 
Agents, accessing the e-marketplace on behalf 
of travellers, to provide to the user end-to-end 
information and travel services before, during and 
after the trip. The emergence of such a market will 
greatly improve travel efficiency by providing to 
the traveller the most effective and environmental-
friendly travel options, by minimising the effects 
of accidents, delays, strikes or any other network 
disruption and by providing the user with a tool to 
share experience with fellow travellers after the trip.

A World Without Poverty What makes countries developed, developing 
or underdeveloped? Money! Since the world is 
becoming a small global village every day through 
emerging technologies, wouldn’t it be a good 
idea for companies/organizations and individuals 
commanding wealth to move resources in health, 
education, environment and other disciplines to 
areas needed? In this way life would not be very 
different from what one is used to whether in 
Germany or Ghana, United States or Uruguay. In 
this way, individuals can move freely from areas of 
the world to other parts when seasons or weather 
changes, like some birds do and still continue in 
business and live the way one is used to. A world 
without poverty? It is attainable!
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Be aware of your own building, competitive energy reduction Simple measures are often the best. Many buildings 
have their own building management systems 
(BMS) measuring different variables about that 
building. Very few make that information available 
to the users. ICT could be used to transfer the 
responsibility of the building manager to the 
occupants. The more often you are at your desk the 
more say you have in setting the desired temperature 
for example. Desired lighting level: Look at the 
windows nearest to where you are sitting, are the 
blinds up or down? is it bright or dim outside?, are 
the lights on or off? If it is bright and the blinds up 
and the lights on, the air conditioning is probably 
working too hard. Knowing what percentage the air 
con is on at, might encourage people to try actions 
to reduce this percentage. Publishing percentages 
for different floors, or sections along with small 
prizes for reduction performance should encourage 
competitive behaviour to save energy. Last one out 
turns out the lights!

Energy Portal for Consumers to compare consumption with 
others

Energy-Visual Decisions Use Open-Simulator to generate the 3D 
reconstruction of your building. Build inside 
this virtual world reproductions of your energy 
consumers. Feed this virtual world (a reproduction 
of the real worl named Paraverse) with real energy 
consumption data. Visualize (using colours or visual 
effects - e.g. bubbles, flames) and add significant 
numbers for these devices. Make visual decisions 
in the virtual world, from a central point (Energy 
Efficiency Office) wether to turn them on/off, to 
plan a revision (too much consumption, override), 
to replace them. You can dirrectly control the 
equipment from inside the virtual world. Statistical 
data is collected and used for decisions.

Create Indexes for Energy consumption markings to products 
and services

New and old products and services should provide 
2 Index numbers. First how much energy have they 
wasted when they have been produced. Second for 
how much energy they will consume, when used 
per one use instantiation/minute/day/month/year/
life-cycle. Government should use tax-incentives 
for the companies who will take these indexes into 
use. For consumers, there should be created media 
campaigns, tv-shows and tv-competitions for to 
going to low consumption mode and also related 
info-portals and web-games.
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Intelligent Monitoring and Real Time Discount Deals Energy users green alertness and exponential 
reward: real time intelligent monitoring (deal) of 
energy cost and carbon foot print in the kitchen 
(public and private living spaces), in synergy with 
dynamic pricing moving peak load to off-load 
hours. Currently most energy meters are out of sight 
(out of mind), often in dark basement curtained 
by spiders webs. Itβ€™s time to bring the energy 
meters to light, in the kitchen, in the office, hanging 
from the ceiling of public spaces. Showing how 
much the cost is in that moment for each of the 
appliances we are using. The displayed cost will 
be in terms of actual euro and carbon foot print. 
An incentive scheme should provide substantial 
discounts, for lower energy consumption up to a 
threshold and exponential higher costs for increasing 
consumptions. A further incentive scheme would 
be to adopt Dynamic pricing of energy for moving 
consumption from peak load to off-load hours. 
Objectives: energy saving of 10%. Cost saving of 
energy production of 20% to be shared by users and 
energy companies.

Social sensors for monitoring pollution and other 
environmental variables

The goal of this project is to develop online online 
tools that allow citizens to self-report the perceived 
air quality. In this scenario, people can online 
rate the local level of pollution and give direct 
feedback to the authorities. Self-report data are 
collected, aggregated and visualized in maps that 
are dynamically updated. In this way, the objective 
level of pollution (as measured by physical sensors) 
can be matched with the subjective perception of 
individuals.

Production of energy by street lamp What a waste of energy... We live in a modern world 
by thinking of how to reduce energy. By doing 
so, we absolutely missed to look for ways how to 
produce power. With my street lamps it is possible to 
produce power at daytime and to lighten up a city in 
a very efficient way. Could you imagine how much 
power could be produced - I mean every city has 
thousands of street lamps. Coming to the best fact - I 
can do it - it is working!!!
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TEEPS - TRANSFERABLE ENERGY EFFICIENT POINTS 
SAVINGS for everybody and all enterprises.

One basic issue is that growth of energy demand 
can’t be easily slowed down and therefore it gets 
harder to motivate energy savings. Unless we change 
the business model we all use since the industrial 
revolution. Who can modify business models? Only 
the European Commission.
Make the European Commission edict a European  
Directive that: 
- modifies the business model of EU national and 
regional energy suppliers towards their customers 
(individual and enterprises) in the following way:
1 - your yearly consumption is compared to previous 
year’s. Savings build money saving account of the 
energy distributor (ENERGY POINTS)
2 - you can use this saving to either consume more 
energy or transfer its value to a list of services 
(provided by third parties who have interest in 
playing the game)
To work with precision, the TEEPS model should be 
tuned so that:
- it’s attractive enough to be energy efficient
- you get a good image when you are energy 
efficient
- you are not blocked in your growth when you have 
to grow and need more energy
- third parties grow based on the savings made and 
this gradually build a virtuous economy
Students of several business schools and innovation 
institutes may be given a one year timeframe to 
build and tune the parameters of this business 
contest. Partnerships between them can be designed. 
The EU Media industry will give a Prize under the 
Presidency of the European Commission.
The Media will celebrate the best TEEPS solutions 
found.
EU Parliament is then confronted with the 
parametrised solution and adopts a position in co-
decision with the European Commission towards a 
Directive.
The whole process may be done in 2 years max.
Make positioned the 27 Heads of State at next 
Intergovernmental Conference so they push the 
TEEPS process.
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Credits for Creativity n of carbon credits by the EU for companies to trade 
to raise the funds related to innovation projects in 
the energy and efficiency areas.
1: It makes inefficiency pay for innovation
2: Funds are market rate and rise when demand 
(inefficency) does
3: Gains a strategic return on carbon credit trading
4: Uses existing structures for sale, allocation and 
auditing
5: Reduced draw on existing research budgets
6: Educated businesses as to carbon credits 
7: Gains a social return on the free credits (a 
subsidy) given to big business
8: Allows funding for EU innovation from global 
resources

Exercise for energy Add power-generating devices to gym/exercise 
machines and connect them to an online social 
network where data about production can be used 
for games, competitions, rewards, or to simply show 
how much one has contributed.

Develop consumer products for feeding back in real-time 
household consumption

This idea consists in developing consumer products 
providing real-time energy consumption information 
for households. That way, energy users may become 
aware of the amount of energy they consume.
The expected main direct result is very down-
to-earth: people would be more careful about 
their consumption, because they would become 
increasingly aware of the associated costs. One may 
imagine more advanced systems that could, for 
example, detect abnormal consumption.

Challenging energy efficiency through ICT buildings, the Commission suggests that research 
should focus on energy management systems for 
both new and old buildings. It is estimated that about 
one fifth of the world’s electricity consumption is 
for lighting, presenting a major potential for savings. 
Research into smarter indoor, outdoor and street 
lighting would be a priority.
(*) Reference: EU business, http://www.eubusiness.
com/
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Appendix D: Questionnaires

In Appendix D, we provide the final adapted questionnaires for the three experiments.

The first questionnaire targets the traders of the market (and possibly idea creators if an 
idea that was traded belongs by chance to any of the traders)

1. Are you a trader or an ideator? Please check one of the following:

 Trader
 Ideator
 Trader and Ideator

2. How familiar are you with the concept of Information Markets (IMs)? Please check one of the following:

 Very familiar
 Quite familiar
 Not so familiar
 Not familiar at all

3. How many times have you actively used IMs as a decision support tool? Please check one of the following:

 This was my first time
 Twice
 Three times
 Four or more times

4. Before participating in this IM, did you believe in the concept of IMs? Please check one of the following:

 Yes
 I was not sure
 No

5. After participating in this Information Market (IM), do you believe in the concept of Information Markets 
(IMs)? Please check one of the following:

 Yes
 I am not sure
 No

If you answered “No”, please explain and suggest some alternatives for idea evaluation.

6. Why did you decide to register for the IM? Please check all that apply:

 The monetary incentives were attractive
 The non-monetary incentives were attractive
 Was genuinely interested in participating
 Was forced by my manager
 Other

If you answered “Other”, please explain your motive to participate.
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7. Did you actively participate in the IM, i.e., did you trade any ideas? Please check one of the following:

 Yes
 No

If you registered for the IM but did not trade any ideas, please check one or more of the following reasons:

 Did not have time to spend on the IM
 Do not believe IMs are effective decision support tools
 Found the ideas largely uninteresting
 No monetary incentives were offered
 No non-monetary incentives were offered
 Other

If you answered “Other”, please explain.

8. How would you rate the IM software’s trading capabilities? Please check one of the following:

 Excellent
 Need minor improvement
 Need major improvement
 Should be redesigned

Please provide additional comments that you think would help improve the IM’s trading capabilities.

9. Did you know personally the other PM traders? Please check one of the following:

 All of them
 Some of them
 None of them

If you answered “All of them” or “Some of them”, did you discuss your trading strategies with them? Why 
or why not?

10. Are you satisfied with the amount of trader privacy provided by the PM software?

 Yes
 No, I want more privacy
 No, I want less privacy

If you answered “No”, please suggest additional measures to increase or decrease privacy.

11. How would you rate the idea descriptions presented in the IM? Please check one of the following:

 Excessive
 Just right
 Insufficient

Please provide additional comments that you think would help improve idea descriptions.

12. Would you be willing to participate in a IM again? Please check one of the following:

 Yes
 Maybe
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 No

If you answered “No”, please provide some reasoning.

13. Please state any additional weaknesses you noticed in the IM. What kind of improvements would you 
like to see?

The questionnaire for the market operators includes the following questions:

1. How familiar are you with the concept of Information Markets (IMs)? Please check one of the following:

 Very familiar
 Quite familiar
 Not so familiar
 Not familiar at all

2. How many times have you actively used IMs as a decision support tool? Please check one of the following:

 This was my first time
 Twice
 Three times
 Four or more times

3. Before serving as a IM administrator, did you believe in the concept of IMs? Please check one of the 
following:

 Yes
 I was not sure
 No

4. After serving as IM operator, do you believe in the concept of Information Markets (IMs)? Please check 
one of the following:

 Yes
 I am not sure
 No

If you answered “No”, please explain and suggest some alternatives for idea evaluation.

5. How were the participation and trading activity in the IM? Please check one of the following:

 Very satisfactory
 Satisfactory
 Below expectations
 Disappointing

Please provide your reasoning for your answer above.

6. How would you describe the participation incentives initially given to participants? Please check one of 
the following:

 Excessive
 Just right
 Insufficient
 Did not provide participation incentives

If you had to, were you able to raise the participation incentives after the IM opened?
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 Yes
 No

If you answered “No”, please explain why.

7. Which market mechanism did you select? Please check all that apply:

 Double auction with market maker
 Double auction without market maker
 Other

If you answered “Other”, please specify.

8. How would you rate the IM users’ familiarity with the IM software? Please check one of the following:

 Very familiar
 Quite familiar
 Not so familiar
 Not familiar at all

Please mention the most common problems the users faced while using the IM software.

9. How useful were the real-time metrics provided by the IM software? Please check one of the following:

 Very useful
 Quite useful
 Not so useful
 Not useful at all

Please mention the real-time metrics that you would like to see eliminated from the IM software.

Please mention the real-time metrics that you would like to see introduced to the IM software.

10. Did you notice any manipulation attempts in the IM? Please check one of the following:

 Many
 A few
 Not at all
 Was hard to notice due to insufficient information

Please provide additional comments that you think would improve tracking manipulation attempts in the IM.

11. How would you select which ideas to promote further? Please check one of the following:

 VWAP
 Closing price
 Other

If you answered “Other”, please specify.

12. Please state any additional weaknesses you noticed in the IM and how you suggest they should be 
eliminated.



Social Computing with Information Markets

222



223

Publications

This section contains references to publications resulted from the research activities of this 
thesis to date. In summary there are three (3) journal publications, and four (4) conference 
publications. Two additional papers have been submitted to peer-reviewed journals.

Journal Publications:
[J1] Bothos, E., Apostolou, D., Mentzas, G. (2010a). Using Social Media to Predict Future 
Events with Agent-based Markets. IEEE Intelligent Systems, to appear in the special issue 
on Social Computing.(Science Citation Index Expanded, Impact Factor 2009: 3.144)
[J2] Bothos, E., Apostolou, D., Mentzas, G. (2009a). Collective intelligence for idea 
management with Internet-based information aggregation markets. Internet Research, 19 
(1), 26-41. (Science Citation Index Expanded, Impact Factor 2009: 1.157)
[J3] Brachos D., Kafentzis K., Samiotis K., Bothos, E. (2009b). Enhancing innovation: 
the role of idea markets in evaluating ideas. International Journal of Sustainable Strategic 
Management, 1 (4), 434-450.
[J4] Bothos, E., Apostolou, D., Mentzas, G. (2010b). Collective Intelligence with Web-based 
Information Aggregation Markets: The Role of Market Facilitation in Idea Management. 
Submitted in Expert Systems with Applications.
[J5] Bothos, E., Apostolou, D., Mentzas, G. (2011). Citizen Engagement with Information 
Aggregation Markets. Submitted in the Journal of E-Governance.

Conference Publications:
[A1] Bothos, E., Apostolou, D., Mentzas, G. (2010c). Agent Based Information Aggregation 
Markets. AAMAS-2010, the 9th International Conference on Autonomous Agents and 
Multiagent Systems, Toronto Canada, May 10-14, 2010. (Acceptance rate = 24%)
[A2] Bothos, E., Apostolou, D., Mentzas, G. (2008a). IDEM: A Prediction Market for Idea 
Management, International Conference on Information Systems on the 7th Workshop on 
E-Business (WEB), Paris, France, proceedings in Designing E-Business Systems. Markets, 
Services, and Networks, 1-7. (Acceptance rate = 24%)
[A3] Bothos, E., Apostolou, D., Mentzas, G. (2008b). Idea Selection and Information 
Aggregation Markets. In proceedings of IEEE International Engineering Management 
Conference Europe, Estoril, Portugal, June 28 to 30, 2008, 1-5.
[A4] Bothos, E., Apostolou, D., Mentzas, G. (2008c). A Collaborative Information 
Aggregation System for Idea Management. Third International Conference on Internet and 
Web Applications and Services, Athens, 2008, 289-296. (Acceptance rate: 30%)



224



225


