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Abstract— Since the rise of Bitcoin in 2008, many have speculated

about the scope of blockchain technology applications. Prediction mar-

kets, i.e. markets in which uncertain outcomes of future events are trade-

able, is such an application; blockchain technology may offer several

technological attributes that may facilitate prediction market implement-

ations. This study describes and compares the platforms of three organ-

izations that build blockchain prediction market platforms: Augur, Gnosis

and Stox. By this, we provide a pertinent overview of current blockchain

prediction market applications. Additionally, we conduct interviews with

three Swedish blockchain experts - clarifying blockchain technology

strengths and weaknesses in relation to prediction markets. We identify

five factors that are essential for prediction markets to aggregate and

reflect information accurately: many actors participating, no actors being

prevented from participating, a trustworthy setting function, freedom to

create new contracts, and transparency. We conclude that blockchain

technology has attributes that facilitate future prediction market imple-

mentations in accordance with these requirements. However, blockchain

scalability issues pose a key challenge.

Keywords—Blockchain, Smart Contracts, Prediction Markets.

I: Introduction
Blockchain technology is a technological innovation that
has taken the world by storm. The technology can be
described as an unceasingly growing list of records, se-
cured by cryptography. One of the first implementations
of the blockchain technology is Bitcoin. Bitcoin is a digital
currency that enables users to transfer currency pseud-
onymously1 without the need for a central authority
regulating the transactions. Bitcoin’s whitepaper2, writ-
ten by Nakamoto (2008) has served as a technical base
for other blockchain-based technologies. More recently,
the Ethereum Foundation has developed a multipurpose
blockchain platform upon which developers can develop
their own applications (Wood, 2014) and execute smart-
contracts. Smart contracts offer a way of digitizing and
automating the execution of contracts and was sugges-
ted by Szabo (1997) before the existence of blockchain
technology. Blockchain technology has wide usage; many
types of services in which digital transactions of some
type are required may be implemented using it.

Prediction markets is a concept that dates to the late
19th century (Rhode and Strumpf, 2004) but has yet to
gain the attention of the masses. It can be described as
an exchange traded market in which users can wager
on the outcome of future events. Examples include the
outcome of elections, weather and the success of new
products. This structure has proven to be more powerful
than experts in predicting the outcomes of many types of
events, much due to the assumptions of the efficient mar-
ket hypothesis3 (Wolfers and Zitzewitz, 2004). Efficiently

1. The addresses of the sender/receiver are not anonymous, although
the addresses are not connected to any personal information.

2. A document highlighting features of a product, idea or technology
in a factual and non-pitching manner.

3. The efficient market hypothesis states that market prices incorpor-
ate and reflect all relevant information.

implemented prediction markets thus enable accurate
predictions about a wide range of events.

Although there are few real-world prediction markets
that have been successfully brought to the wide public,
the proven ability of prediction markets to predict the
probability of future outcomes makes them an area of in-
terest for many. The recent emergence of blockchain tech-
nology popularity has shed light on blockchain applic-
ations that some argue will dramatically reshape whole
industries; prediction markets is one of these applica-
tions. One key strentgth of blockchain is its decentral-
ized nature: by the use of smart contracts automatically,
transparently and securely enabling creation of contracts
and transactions without the need for a central authority
controlling who sends what to whom. This removes the
need for trust in a central authority - improving security.
Thus, prediction markets implemented using blockchain
technology might be a truly disruptive concept.

A Research questions
This article qualitatively describes and compares tech-
nical aspects of three organizations that make up the
frontline of blockchain prediction markets (in this article
hereafter referred to as BPMs): Augur, Gnosis and Stox.
These three organizations unconnectedly aspire to intro-
duce prediction markets to the public soon, and as of
May 2018 have tokens4 issued with a combined value of
roughly $ 587 million (USD) according to Coinmarketcap
(2018). In addition to the comparison of Augur, Gnosis
and Stox, we interview three persons that are involved
in the development of blockchain applications. We try to
answer three questions:

1) Which similarities and differences exist between Augur,
Gnosis and Stox?

2) Which requirements does a prediction market that accur-
ately aggregates and reflects as much relevant information
as possible need to meet?

3) How do the blockchain-specific and application-specific
implementations of Augur, Gnosis and Stox respectively
relate to the requirements in 2)?

B Purpose
Prediction markets have the potential to bring value
to many parts of society. Implementations vary from
pricing of complicated contracts such as insurances, bug
bounty programs5 and predictions of economic macro
factors. In short, prediction markets provide an accurate
information collection mechanism that applies to more
areas than other alternatives such as polls and expert
advise. Using blockchain technology, the need for a
central authority regulating a prediction market system

4. i.e. tradable units on a blockchain. This is further explained in
Section 4.1.3

5. Bug bounty is a concept incentivizing individuals to find software
bugs.
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is removed. By this, security and the need for trust is
reduced. Additionally transaction costs may be reduced.

By answering the research questions introduced in the
previous subsection, we provide an evaluation of BPMs
in regard to a model of a prediction market that accur-
ately aggregates and reflects as much relevant publicly
available information as possible - suggesting answers
to what attributes are needed to develop a BPM that
reflects available information efficiently. Through this,
we hope to provide guidance to BPM developers, aca-
demics researching decentralized prediction markets, as
well researchers scrutinizing the potential of blockchain
technology applications.

II: Background
A Previous studies
Wolfers and Zitzewitz (2004) describe prediction markets
as markets whose payoffs depend on unknown future
events. Even though much has changed since this art-
icle’s publication in 2004, the authors accurately describe
several applications of prediction markets. Specifically,
prediction markets have proven to be able to outper-
form predictions from polling and experts in American
elections (J. Berg, Forsythe, Nelson and Rietz, 2008),
Australian elections (Wolfers and Leigh, 2002), printer
sales (Plott and Chen, 2002) and Oscar winners (Pennock,
Lawrence, Giles and Nielsen, 2001).

Swan (2015) describes Blockchain as a technology that
will continuously grow to deployments that reach bey-
ond currency applications such as Bitcoin. She defines
Blockchain 1.0 as a state in which blockchain applications
are limited to applications related to cash – such as
currency transfer. Blockchain 2.0 is a more extensive state
of the blockchain technology, where smart contracts have
been implemented, enabling models of ownership rights
such as stocks and properties. Finally, Blockchain 3.0 is a
state in which justice applications beyond economics and
markets are enabled. Furthermore, Swan also sheds light
on the possibility of using Bitcoin technology to develop
prediction markets. In this study, she concludes that this
is part of Blockchain 3.0. She also provides an example of
Blockchain 3.0 by describing the idea of using blockchain
technology to provide services traditionally provided by
nation-states. Foroglou and Tsilidou (2015) elaborate on
the subject, suggesting blockchain applications such as
voting systems. The author suggest that the elimination
of third-party involvement may improve the security of
some services – such as voting processes that may be
subject to manipulation. Another example of useful ap-
plications is provided by Szabo (1997), who suggests that
smart contracts, which today is part of many blockchain
implementations, enables the automation of several pro-
cesses within a product. He exemplifies by describing a
scenario in which a debtor misses his payment of a car
loan. A smart contract could respond by revoking the
debtor’s digital car key needed to operate the car.

In 1996, HP conducted a study to forecast the sales
of several different product families. The results, illus-
trated in Appendix C, show that forecasts made by
prediction markets often were more accurate than official
forecasts. Based on the results of this study, Ho and Chen
(2007) present a scientific foundation for why prediction
markets work. They present five principles: Incentive,
Indicator, Improvement, Independence and Crowd. The
first principle relates to increasing the incentive among
market actors to participate in the market to make use of
all information held by the actors. The second principle
is intended to convey clear information to the market
participants about the current status of the market, i.e.
a clear indication of the aggregate information should
be available to market participants. Thirdly, the mar-
ket should have a function to encourage learning and
thereby improving the markets and making them smarter
through a continuous process of learning. Furthermore,
the authors believe that pooling information from in-
dependent sources will yield more accurate predictions.
Lastly, a prediction markets work best when a large num-
ber of people - a crowd, participates. The study comes to
the conclusion that a well-functioning prediction market
must adhere to all five principles. The authors also point
out that even if a prediction market does not adhere to
all principles, it still poses as a better alternative than
traditional polling methods in many cases.

B Prediction markets using blockchain
technology

The most common way to implement an application
using blockchain technology is to use the technology of
a general purpose blockchain such as Ethereum. Augur,
Gnosis and Stox are three Ethereum-based services that
have gained attention recently. There have been attempts
to popularize the BPMs in the past using the Bitcoin
blockchain (Fairlay, BitBet, Predictit). However, these
attempts have not been successful; they have not gained
any significant market traction. This might be due to
the fact that the Bitcoin blockchain primarily is a way
to store value - not a blockchain to build applications
on. Thus, Ethereum might pose a better alternative for
implementing BPMs.

Below is a short presentation of Augur, Gnosis and
Stox respectively:

Augur: Augur was founded in 2015 by Jack Peterson
and Joey Krug (Crunchbase, 2018a). The project was
funded by an initial coin offering 6 in 2015 which raised
$5 million by selling 8.8 million tokens, according to
IcoBench (2018a). Augur’s mission is to create a platform
purely for market making activity revolving prediction
markets. True trustlessness and fairness is crucial for
Augur.

6. An initial coin offering (ICO) is an unregulated means by which
funds can be raised for a new cryptocurrency venture. In an ICO
campaign, a percentage of the cryptocurrency is sold to early backers
of the project.
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Gnosis: According to Gnosis (2018b), Martin Köppel-
mann and Stefan George founded Gnosis 2015. The
Gnosis ICO ended in 2017 raising $12.5 million by selling
10 million tokens (IcoBench, 2018b). The mission of
Gnosis is beyond the trading business of a prediction
market. Gnosis attempts to transform large sets of predic-
tion market data points into meaningful information. The
end goal is to increase knowledge revolving upcoming
events. Humans and AIs should use the information for
decision making regarding complex topics (e.g. insur-
ances and asset hedging).

Stox: According to Crunchbase (2018b), Stox was foun-
ded 1997 by Roy Shaham. However, the blockchain
based prediction market project was initiated 2017. It
was funded by an ICO raising $33 million by selling
29.6 million tokens (Stox, 2018b). They aim to create a
sustainable economy revolving around a functioning pre-
diction market. Market where investors can find refuge
from traditional financial instruments and participate in
prediction events with the purpose of making profit.
Stox views prediction markets as a business, where those
who possess information of a greater quality and are
able to make better informed decisions can leverage this
knowledge for personal material gain (Stox, 2018b).

III: Method
We have selected the three organizations that develop
prediction market platforms using blockchain technology
that have the highest valued tokens at the time of
writing: Augur, Gnosis and Stox. The analysis subjects
are chosen to give a pertinent overview of current BPM
offerings.

To analyze Augur’s, Gnosis’s and Stox’s technical sim-
ilarities and differences, we conduct a qualitative study
of the three applications’ technical aspects. We examine
several aspects of the organizations which result in a
comparison in five main aspects:

1) Supplemental tools
Ability to develop supplemental products and ser-
vices on the organizations’ platforms.

2) Event representation
How events are represented in the platforms.

3) Oracles
How the outcomes of events are determined.

4) Tokens
How users hold contracts representing wagers and
how mining works.

5) Disputes
How disputes of the oracle’s decision are handled.

Additionally, three semi-structured interviews are con-
ducted with people who are knowledgeable about block-
chain technology, and to some extent have knowledge
about prediction markets. Finding The interviews were
semi-structured based on the questions presented in ap-
pendix F. Each interview lasted between 60-75 minutes.
The following is a short presentation of each interviewee:

• Carl Otto Tuneld, henceforth referred to as Tuneld
(2018), is the founder of KTH Blockchain Initiative,
a University Campus organization at KTH Royal
Institute of Technology. He is knowledgeable about
blockchain technology and its implementations.

• Antonio Saaranen, henceforth referred to as
Saaranen (2018), is an analyst at ConsesSys: a com-
pany developing software services and applications
for the Ethereum Foundation. He has deep technical
knowledge about the blockchain technology and
Ethereum. Saaranen (2018) also has experience in
blockchain prediction markets.

• Jens Frid, henceforth referred to as Frid (2018),
is employed at Cofound-it, a company developing
a protocol for blockchain startup funding. He is
an expert of blockchain implementations and has
knowledge about prediction markets.

In order to conduct a relevant analysis of whether the
concept of BPMs has potential to become a significant
alternative to other prediction market implementations,
this article has selected the three organizations that offer
prediction market waging in blockchain that have the
highest valued tokens at the time of writing: Augur,
Gnosis and Stox. We recognize that either new mar-
ket players are likely to enter the blockchain predic-
tion market or that blockchain prediction markets will
not succeed in growing significantly. Consequently, the
choice of analysis subjects is not made with the ambition
to give a full description of what blockchain can offer
to prediction markets. Instead, the analysis subjects are
chosen to provide an overview of which blockchain
prediction market are currently available. The studies
of Augur, Gnosis and Stox are largely based on the
white papers of the organisations. These white papers,
as well as the aims and goals of the organizations are
fast-changing.

IV: Theoretical framework
The theoretaical framework is divided into two sections.
Section (4.1) aims to explain the blockchain technology
to give an overview of how the technology functions.
Section (4.2) aims to explain what prediction markets are,
as well as to give an overview of how a prediction market
functions.

A Blockchain technology
The blockchain technology was introduced in the Bitcoin
whitepaper (Nakamoto, 2008). Nakamoto did not use the
term blockchain, but rather explained it as ”a chain of
blocks”. In its simplest form, the blockchain technology
can be described as a chain of interconnected blocks.
Each block contains three components:
• A hash pointer7

7. A hash pointer is the hash of the block identifier, which is used
as a key to point to the previous block.
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• A nonce8

• A group of transactions
The blocks are connected by hash pointers which point
to the previous block. The previous block in this case
is known as the parent block. The nonce is a unique
number (Rogaway, 2004) used to identify a specific
block. Most importantly, each block contains groups of
transactions which are included in a ledger, i.e. a record
of all transactions. This ledger is in many cases made
public for anyone to access, even though it may be
encrypted. The public ledger is stored in a decentralized
manner, meaning that the information is stored by many
independent parties9. Thus, there is no central party
storing and distributing information. This would not
have been the case of a centralized network.

A full version of the blockchain in question is stored in
each node. If the nodes do not agree on which blockchain
is the correct version, the power is left to a consensus
mechanism to decide which blockchain should be used
for appending future blocks. Another outcome of a dis-
agreement can result in a fork, which means that a new,
parallel blockchain is created (as shown in Appendix 4)
(Antonopoulos, 2018).

Figure 1. Blocks in a blockchain. Each block contains
three components: a hash pointer to the previous block,
a unique block number and a group of transactions.

1 Keys and addresses
Transactions in a blockchain are based on cryptography
- a branch of mathematics used extensively in computer
science. Cryptography can be used to prove knowledge
of a secret without revealing the secret itself, or to prove
the authenticity of data (Antonopoulos, 2018). Crypto-
graphy is an important part of transactions using block-
chain technology. Each actor in a blockchain network
holds a private key and a public key. In Bitcoin’s case,
the key pairs can be likened to a bank account where
the public key acts as a bank account number and the
private key acts as a secret PIN that controls the bank
account. With a public and private key system, effective
security keeping only requires keeping the private key
private while the public key can be distributed without
compromising security (Stallings, 1999).

2 Transactions
One of the purposes of the blockchain technology is to
provide secure transactions. Security in this context is

8. Nonce is short for Number used Once.
9. In the case of Bitcoin, these parties are miners.

characterized by two aspects: 1) Only the current holder
of a token or coin can send said coin to someone else,
and 2) The holder of a token or coin can send it to only
one address.

A secure transaction on a blockchain is generally
performed in the following way:

1) Requesting a transaction
A user can request a transaction on a blockchain
by signing the transaction using their private key
and locating the receiver using the public key of the
receiver. The sender does not actually send a transaction
directly to the receiver, in the case of bitcoin, the sender
announces to the network that a transaction should
be made. It is then up to the network to confirm and
execute this transaction in the following steps.

2) Broadcast of a transaction to the network
The transaction is broadcast to a peer-to-peer-network -
a network where interconnected nodes (i.e. peers) share
resources without a central administrative system (see
Figures 2 and 3).

Figure 2. Peer-to-peer network. This type of network is
used for the blockchain technology. No central node exists
and each node connects directly to other nodes.

Figure 3. Non-peer-to-peer network. In this type of net-
work, a central node mediates the connections between
all other nodes in the network.

3) Transaction validation
The purpose of broadcasting the transaction to the
network is to validate the transaction. Miners are
nodes in the network that create blocks and validate
transactions in the blocks. In the case of Bitcoin, the



PREDICTION MARKETS USING BLOCKCHAIN TECHNOLOGY 5

miners use a complex hashing algorithm to create a block
hash10. This requires time consuming computationally
intensive work and is called proof of work. If a
miner tries to validate a fraudulent transaction, this
transaction will be rejected by the network; according to
the consensus mechanism, the block that will be added
to the chain is the one that at least 50% of the miners
agree upon (Tapscott and Tapscott, 2016).

One of the of the biggest upsides to the blockchain
technology is its way to handle the double spend
problem. In the verification process, all the nodes loop
through the entire blockchain to calculate the account
balance of the node that requested the transaction. This
is done by summing all transactions. Consensus is met if
a majority of the nodes agree that the transaction is valid.

4) Forming a block
A valid transaction becomes part of a block together
with other validated transactions. This block is then
appended to the public ledger. The transaction is now
complete and can be seen by anyone in the network11.

3 Decentralized applications
A decentralized application (DApp) is an application
that runs on a blockchain. It is possible to launch an
application that fills virtually any function. Johnston
et al. (2014) defines an application to be considered a
DApp if it meets the following criteria:

1) The application must be open source, operate
autonomously and be fully stored on a public, de-
centralized blockchain

2) Tokens should be generated according to a standard
algorithm and be distributed at the launch of the
application. Furthermore, possession of these tokens
must be necessary to use the application.

3) All changes in the application must be decided with
a majority consensus of its users.

DApps can be classified into three categories. Type I
means that the application runs on its own blockchain
and can be likened to a computer operating system. A
type II DApp uses a blockchain of a type I app and can be
likened to a web browser. The last classification, type III,
is characterized by using the protocol of a type II app.
This can be likened to plugins used in web browsers
(Johnston et al., 2014).

4 The Ethereum blockchain
The Ethereum Virtual Machine (VM) is a system based
on the Ethereum blockchain designed to serve as a
runtime environment for smart contracts. The Ethereum

10. The output of a hash function is called a hash. Hash functions
are used to map data of arbitrary size (the block) to data of fixed size
(the block hash). Furthermore, these functions are one-way and are
therefore practically irreversible.

11. In practice, this is most easily done by using services like block-
chain. info which lists all bitcoin transactions.

VM intends to provide a Turing-complete12 framework
used to create ”contracts” which in turn can be used
to encode arbitrary state transition functions, allowing
users to create applications on the Ethereum blockchain
(Buterin et al., 2013). These contracts are also known
as smart contracts. These do not actually provide any-
thing previously technologically impossible but allow
two parties to solve common problems in a way that
minimizes trust Buterin et al., 2013. The Ethereum block-
chain is permissionless, meaning that any party (i.e.
node) can participate in the blockchain and interact with
smart-contracts Swanson, 2015.

The smart-contracts is stored at an address. This ad-
dress can hold Ether (the tradable currency on the Eth-
ereum platform) just like any other address.

The ERC-20 token standard, as shown in appendix E,
is an Ethereum-specific implementation which is used to
create new tokens. ERC-20 was created to standardize
certain very common use cases in order to allow users
and applications to more easily interact with each other
(Ethereum, 2018). This standard has become a popular
way of implementing DApps.

5 Blockchain oracles
Since every node in the blockchain must perform the
same calculations, having a long-running contract per-
form numerous calculations could be costly and ineffi-
cient. A solution to this problem is to use oracles. An
oracle is a function that acts as an intermediate between
a node (i.e. a user) and a smart-contract. If an oracle
is sent a request, it can compute if this request leads
to a withdrawal from the contract. Consequently, the
miners do not have to perform the same computationally
intensive task; instead they trust the results of the oracle.
Smart-contracts can rely on external information (e.g.
currency prices or weather). It is not efficient for all
nodes in a blockchain to compute the outcome of a smart
contract that relies on external information such as an
HTTP request. However this can be solved by having an
oracle (or a group of oracles) compute the outcome of
the contract (Buterin, 2018).

Based on how they make decisions, oracles can be
categorized into two categories: centralized and decent-
ralized. Centralized oracles rely on a single data pro-
vider. To determine an event outcome, only a signature
from the single data provider is required. Decentralized
oracles determine the event outcome based on several
participants’ contribution. It is often designed as a voting
system where participants have an incentive to vote
for the true answer. Below is a pseudo-code example
which gives a more detailed understanding of how a
decentralized oracle can be implemented. This code is
inspired by a Gnosis oracle.
int outcome;

12. In computability theory, Turing completeness refers to a systems
ability to simulate a Turing machine. In short, this ability indicates that
a system can perform a wide range of tasks.
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bool isChallanged;

address[] voters;

int contractOutcome1;

int contractOutcome2;

bool outcomeDecided;

function setForwardedOutcome(int _outcome):

if not isChallanged:

outcome = _outcome;

function challangeOutcome():

isChallanged = True;

function voteForOutcome(address voter, outcomeVote,

float amount):

if voter not in voters:

if outcomeVote == contractOutcome1:

contractOutcome1 += amount

if outcomeVote == contractOutcome2:

contractOutcome2 += amount

function finalOutcome():

if outcomeDecided:

if contractOutcome1>contractOutcome2:

return contractOutcome1

if contractOutcome2>contractOutcome1:

return contractOutcome2

B Prediction markets
A prediction market is an exchange-traded market cre-
ated for trading on the outcome of events. Examples of
events are:

• Roger Federer will win Wimbledon 2018
• It will snow in Stockholm next Christmas Eve
• The price of the Apple stock will exceed $200 before

1st of July.
The prediction market contract price reflects the mar-
ket’s belief of the outcome of an uncertain event. The
contract usually works as a binary option in the sense
that it will expire at a price of 0% or 100% (Authers,
2016). According to Wolfers and Zitzewitz (2004), there
are three main types of prediction market contracts as
presented in Appendix A and below.
Winner-takes-all: This type of contract costs some
amount $p and pays out some amount13 $P, where p
<P, if a certain event outcome occurs and $0 if the event
outcome does not occur.

Index: The amount that this contract pays varies based
on the outcome of the event. For example, the contract
can pay out $1 for each point that Manchester United
wins with over Liverpool.

Spread: Players in the market bet on this contract by
bidding on the cutoff whether an event occurs or not.
A popular example of spread betting is point-spread
betting in football. Assume that team A plays team B
and the common perception is that team A is completely
superior to team B. This would cause the market to
believe that there is a greater than 50% chance that team
A will win. The spread contract answers the question
”Will team A win with over 5 goals?”.

13. Usually, P = $1

1 Case: Predicting the presidential election
An example of prediction markets is political betting.
There are records of political betting on Wall Street going
back to 1884 (Rhode and Strumpf, 2004). The simplest
way to construct a contract in this case is a futures con-
tract14 that pays 100 cents to the dollar if the predicted
outcome occurs and zero if it does not (Authers, 2016).
Using the definition by Wolfers and Zitzewitz (2004), this
would be a winner-takes-all contract. Imagine a scenario
where one of two people are going to be elected pres-
ident, for example Hillary Clinton or Donald Trump. If
the Clinton-for-president contract is trading for 60 cents,
this means that the market believes there is a 60% chance
that Hillary Clinton will win the presidential election. In
a well maintained and functioning market, this would
mean that the Trump-for-president contract would be
trading at 40 cents. If an actor in the market believes
that Trump will win the presidential election, then that
actor could buy the Trump-for-president contract and/or
short-sell15 the Clinton-for-president contract.

2 The purpose of prediction markets and the wisdom
of the crowd

Information about the future and other factors contribut-
ing to future events are often widespread among many
actors. Prediction markets are powerful mechanisms to
gather and aggregate this information. Furthermore, the
market gives almost anyone an economic incentive to
search for better information (Arrow et al., 2008).

As J. E. Berg, Nelson, D and Rietz (2008) show, predic-
tion markets outperform traditional polling systems 74%
of the time when it comes to predicting US elections. Fur-
thermore, prediction markets significantly outperform
polls in every US election 100 days in advance (Wolfers
and Zitzewitz, 2004). Even though prediction markets
have the capability to outperform polls and expert views,
many participants in the market are needed Spann and
Skiera (2009) show in an experiment that a group of 10
000 people are able to generate predictions of results in
the German Premier football league that are about as
accurate as those of experts.

The “wisdom of the crowd” phenomenon refers to the
finding that the aggregate of a set of proposed solutions
from a group of individuals performs better than the ma-
jority of individual solutions. As shown by Yi, Steyvers,
Lee and Dry (2012), this phenomenon can be illustrated
by the law of large numbers. Let the margin of error be x
and y for an expert and a layman respectively. Naturally,
x<y because the expert is correct more often the layman.
The law of large number state that the margin of error
for a group of n experts, Ex, is:

Ex = x/
p
n

14. A futures contract is a legal agreement, generally made on the
trading floor of a futures exchange, to buy or sell a particular com-
modity or financial instrument at a predetermined price at a specified
time in the future.

15. i.e. bet against
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If we assume that an expert makes four times as accurate
predictions as a layman, such that y = 4x, this would
mean that 16 laymen would be as accurate as one expert
since they would have the same margin of error:

Ex = x/
p
1 = x

Ey = y/
p
16 = 4x/

p
16 = x

Thus, a group of 64 laymen would outperform an expert
by a factor of two and a group of 256 laymen would
perform outperform a group of experts by a factor
of four. The “wisdom of the crowd” phenomenon, in
combination with an economic incentive, might generate
results of future outcomes more accurately.

V: Five aspects of Augur, Gnosis and
Stox

The three blockchain applications Augur, Gnosis and
Stox are based on Ethereum and run a public ledger.
However, apart from the Ethereum basis, the platforms
have different approaches to building the applications.
This section describes these approaches.

A Augur
Augur’s mission is to create a platform for market mak-
ing activity revolving around prediction markets. The
vital attributes of the prediction market is decentral-
ization, trustlessness and fairness. These attributes are
always prioritized in trade-offs with attributes such as
user experience and smoothness.

Oracle: Augur implements decentralized oracles.
These oracles rely on the consensus of user votes and
providee an economic incentive for users to vote truth-
fully. This is accomplished using their own token: REP. In
addition, the event creator may choose to add a central-
ized oracle. However, a decentralized oracle will always
have to agree with the centralized oracle to settle the
outcome (Peterson, Krug, Zoltu, Williams and Alexander,
2018).

Token: Augur has its own token: Reputation (REP).
REP is needed for building a market or reporting out-
comes of events. Reporters report outcomes by staking
REP. The consensus of the market’s reporters is con-
sidered the true outcome of the event. If a reporter’s
outcome does not match the consensus, the reporter’s
staked REP is redistributed to the reporters who reported
in accordance with the consensus.

By owning REP and reporting true outcomes, token
holders are entitled to a portion of the Augur platform’s
fees. Staking REP tokens entitles the holder to an equal
portion of the market’s fees. Thus, holding REP and
reporting correctly with it will generate earnings to the
reporter.

REP is not used for betting in the markets, and it is
not required for the users to participate in reporting of

outcome. Hence, traders are never obligated to own REP
(Peterson et al., 2018).

Application and supplemental tools: The Augur soft-
ware is open source. It is not yet presented whether
tutorials or documentation on how to create new applica-
tions with this open source software will be published. 16

There is no information regarding the Augur application
design.

Events: Any user can create any event at any time.
The creation of an event is conducted via Augur’s client
application. The user is also allowed to stake currency in
any event outcome at any time. For every created event,
”outcome tokens” are created for each outcome. These
tokens represent each predicted outcome and are referred
to as ”shares of predicted outcomes”. To stake currency
on an outcome, a user buys shares of the predicted
outcome. These shares may later be resold at any given
time before the end of the event (Peterson et al., 2018).

Disputes: After the oracle’s decision of true outcome,
a dispute round commences. The dispute round consists
of traders staking REP on an outcome other than the
oracle’s - thereby creating a so called dispute bond. The
amount of staked REP needed for successful dispute
bond creation is calculated as:

B(w, n) = 2An � 3S(w, n)

where An is the total stakes on all outcomes and w is
any market outcome other than the oracle’s decision. The
dispute round is represented by n, and S(w, n) is the total
amount staked on outcome w in round n. If the dispute
round is successful, returns are paid out according to
amount of REP staked.

If the size of the dispute bond exceeds 2.5% of all
REP, the BPM enters fork state. The fork with most
support will be considered the true outcome. If a dispute
bond is created, but its size is less than 2.5% of all
REP, the oracle’s decision will change, and a subsequent
dispute round commences. This process is repeated until
a dispute bond exceeds 2.5% of all REP. Alternatively, if
no dispute round is successful within a 7-day period,
the oracle’s decision is finalized and all staked REP is
returned (Peterson et al., 2018).

B Gnosis
Gnosis’s goal is to create data-points of information for
AI and human decision making. Gnosis believes the
information revolution has made it easier for individuals
to access data about any topic. However, this data lacks
objectivity and is hard to compile into data-points for
decision making. To draw adequate conclusions about
complex topics (e.g. insurances or asset hedging), data-
points retrieved from prediction market information may
serve as support. The data-points are believed to reveal

16. The open source software is to be found at https://github.com/
AugurProject/augur
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true odds for specific outcomes of real-world events Stox,
2018a.

Oracle: Gnosis will allow both centralized and de-
centralized oracles; the event creator may choose the
oracle type by their own discretion. In addition, they
may implement their self-invented ”ultimate oracle”: a
decentralized oracle where voters stake money on an
outcome. The outcome with the most money staked will
be considered the true outcome, regardless of the number
of votes (Gnosis, 2018a).

Token: Gnosis issues two ERC20-compatible tokens:
GNO and OWL. The total supply of GNO is set to 10
million. GNO is used solely to generate and govern the
total supply of OWL. Creating a market is free, but there
is a fee for creating an outcome token. An outcome token
is created when a user adds an outcome to an event (for
an event derivative of: ”What stock will be of highest
value by 1 jan 2019?”, the outcome tokens could be A)
Apple, B) Tesla or C) Caterpillar). OWL is the expected
and preferred form of paying fees. Alternatively, the fee
can be paid with the token that the prediction market in
question is traded with. In addition, OWL may be traded
in the markets (Stox, 2018a).

Application and supplemental tools: Gnosis is re-
leased in three layers: the application layer, the service
layer and the core layer. The core layer is an open
source software providing foundational smart contracts
only: event contracts and the market mechanism. The
service layer offers additional services such as chatbots
and stable coins17. The application layer is a front-end
client application used by traders for interacting with
the BPMs.

Other developers are expected to build their own
client applications based on the core and service layers,
connecting the users to the same blockchain. Hence,
providers creating new client applications using this
software will connect additional users to the blockchain
network - expanding the platform (Stox, 2018a).

Events: The design and properties of events coincide
with Augur’s events. All traders may create or particip-
ate in any event. All event outcomes are represented by
outcome tokens (i.e. shares) which may be traded at any
time by investors (Stox, 2018a).

Disputes: No procedure for handling disputes of the
oracle’s decision is yet published.

C Stox
Stox is differentiated from Augur and Gnosis by having
a plan for generating traffic on the platform. Stox is
developing its platform together with invest.com, an
established online financial services provider with over 3
million registered customers. By recruiting invest.com’s
customers, Stox will bring initial traffic to the platform.

To incentivize cooperation between providers, a syn-
dication mechanism is implemented. A syndication

17. A stable coin is pegged to another currency to limit its volatility.

mechanism entails that when an outcome investment is
placed by a user via an event smart contract, and the
event is not accessed via the original provider, the third-
party address receives a portion of the event creation fee.
This encourages providers to advertise and bring new
traders to one another’s events, thus generating more
traffic.

Promotional credits are built into the token smart
contracts to increase user engagement. Providers may
give promotional STX to users to reduce barriers for first
play. Promotional credits may only be sent to event smart
contracts (i.e. they must be invested in the BPM) and
have a set expiration date.

Oracle: Stox will allow both centralized and decent-
ralized oracles. In the process of creating an event,
the creator chooses oracle. Stox expects the majority of
event creators to be large providers who will determine
outcomes on their own. They will select themselves as
oracles, wherefore the majority of events are expected
to have centralized oracles. In the event of disputes
regarding the oracle’s decision, a dispute mechanism
is available. The dispute mechanism is a decentralized
oracle which may contest the result of the centralized
oracle (Stox, 2018b).

Token: Stox’s platform activities revolve around its
single ERC20-compatible token: STX. All fees and out-
come predictions are paid with this token. No other
currency is allowed on the Stox platform. Hence, users
are obligated to own STX (Stox, 2018b).

Application and supplemental tools: The Stox soft-
ware is open source code available on GitHub for other
developers to build on. In addition, tutorials and docu-
mentation on how to customize client applications will
be published. Customized versions will not fork the
original Stox; instead, they are expansions of the Stox
network (Stox, 2018b).

Events: The design and properties of events coincide
with Augur’s events. All traders may create or particip-
ate in any event. All event outcomes are represented by
outcome tokens (i.e. shares) which may be traded at any
time by investors (Stox, 2018b).

Disputes: The default method for handling disputes of
the oracle’s decision is the frontrunner method; this is a
method in which disputers stake STX on other outcomes.
Any other user may disagree or agree by staking STX
on the same outcome as the disputers or on the oracle’s
outcome. The outcome with more STX staked becomes
the frontrunner. If the frontrunner does not change for 24
hours, the dispute is resolved. The winning side shares
the STX staked by the losing side.

An alternative method is polling. Using this method,
random users are given the opportunity to vote for out-
comes, and users who have voted correctly get rewarded.
Thus, polling provides an economic incentive for users
to contribute (Stox, 2018b).
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VI: Results
Section 6.1 presents a comparison of Augur, Gnosis and
Stox with respect to four essential aspects. In Section
6.2, crucial aspects of the BPM are described based on
interviews with blockchain experts.

A Comparison
The key similarity of Augur, Gnosis and Stox is their
blockchain origin. They are all based on Ethereum and
have a public ledger (i.e. all transactions are public).
Further comparisons regarding specific attributes are
described below.

Supplemental tools: Both Augur and Stox release
open source software of their platform core, along with
their own client applications. This allows other de-
velopers to build client applications using the same
blockchain. Augur is also releasing open source software
but has not yet announced any information regarding the
development of a client application.

Events: All platforms allow any user to create and
participate in any event. Event-creation is accomplished
directly through the platform’s client application. Betting
on an event outcome is accomplished by buying shares
for the predicted outcome directly through the client
application.

Oracles: Augur events require a decentralized oracle,
but creators are able to add a supplementary centralized
oracle. The decentralized oracle must agree with the
centralized oracle to settle the outcome.

Event creators in Gnosis and Stox may choose between
a centralized or decentralized oracle for each event. Stox
also has a dispute mechanism based on a decentralized
oracle. If users disagree with the centralized oracle’s
decision, the decentralized oracle is used to reconsider
the decision.

Tokens: All platforms have their own tokens used for
paying fees. Gnosis has a second token used only for
generating and managing the supply of the first token.
The main difference of the tokens are that Augur and
Gnosis’ tokens are not required for placing bets. Stox’s
token is the only currency that can be used to place bets
with on the Stox platform - making the token required
for traders hold.

Disputes: Augur and Stox have published methods
for handling disputes of the oracle’s decision. In Augur,
the dispute process is integrated in the original process
of determining the oracle’s true outcome. In Stox, the
dispute process may be activated if enough investors
disagree with the oracle’s decision. Gnosis has not yet
announced information regarding dispute processes.

All three platforms can be classified as type II DApps
because they all meet the two requirements: 1)Use the
platform of a type I DApp 2) Have tokens necessary for
their function.

B Efficient blockchain prediction markets
requirements

1 Prediction market aspects

According to Frid (2018), for a prediction market to ac-
curately aggregate and value as much available informa-
tion as possible to generate outcome probabilities, many
actors need to participate. Saaranen (2018) supports this
claim. Frid (2018) elaborates on this issue, arguing that
for a prediction market to function efficiently with re-
spect to the efficient market hypothesis, participators of
different demographics ideally should be represented in
a market. Frid (2018) expounds by explaining that he
believes (not supported by evidence) that, as of now,
certain demographic groups (white males aged 20-40)
are over-represented in using blockchain applications.
He thus argues that the blockchain user demographics
would prevent BPMs from functioning efficiently as of
today.

Saaranen (2018) suggests that hindering an actor from
participating in a market can be considered market
manipulation; consequently, such a market would not
function optimally. Tuneld (2018) exemplifies this by
describing an example of how traditional sports betting
sites have been known to close the accounts of players
that are too good - i.e. players that seem to beat the odds
too frequently.

2 Blockchain aspects

According to Saaranen (2018), two key defining aspects
of the blockchain technology are transparency and record
keeping. He also points out that low scalability is a
weakness. An example of possible scalability issues of
blockchain is provided by Frid (2018), who suggests that
fast transaction speeds might be an integral part of a
prediction market’s ability to function properly and that
blockchain technology as of today might not be able to
provide such speeds. For example, Tuneld (2018) claims
that the current Bitcoin protocol can handle about as
many transactions per second as an average WalMart,
which he believes is far from needed future transaction
speeds. Another key aspect of blockchain technology
is the ability to store unique items such as currency,
according to Tuneld (2018). Frid (2018) also claims that
the need for a collectively accepted view of an entity
or function providing the true outcomes of events is an
integral part of prediction markets.

The concept of smart-contracts is highlighted by Tun-
eld (2018), who brings up the possibility of programming
a smart-contract to act as a classic sports betting service.
Saaranen (2018) elaborates on the subject of blockchain
and the possibility to incorporate smart-contract func-
tionality on Ethereum; by providing standardized frame-
works for contracts, a new contract can be launched more
easily by less experienced users.
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VII: Discussion
A Model for optimal prediction markets
We define an optimal prediction market as a prediction
market that complies with the efficient market hypo-
thesis; thus successfully aggregating and reflecting all
available information. This model will serve as a basis
for interpreting and discussing the implementation of
prediction markets on the blockchain. Based on the the-
oretical framework provided, the comparison of Augur,
Gnosis and Stox, as well as the interviews, we suggest
a framework consisting of requirements that technical
prediction market applications must comply with to
efficiently aggregate and value all available information:
(A) Many actors participate
Arrow et al. (2008) argues that information about fu-
ture outcomes of uncertain events are often widespread
among many different actors. Therefore, to access as
much of this information as possible, as many actors as
possible have to participate. This view is supported by
Frid (2018).

(B) No actors are prevented from participating
This requirement again relates to the conclusions of
Arrow et al. (2008): as many actors as possible need
to have the ability to participate. Tuneld (2018) support
this view, and Frid (2018) further claims that if certain
demographics would be over-represented in groups that
are prevented from participating - the prediction market
could consequently become less accurate.

(C) There is a trustworthy settling function to de-
termine the outcome of events
Intuitively, this is a prerequisite for general willingness
of participation in the market. This is also a fundamental
function for prediction markets as suggested by Frid
(2018).

(D) Actors in the market are free to create new
contracts at any time
This is to eliminate the risk of a central party affecting the
predictions by determining which events are tradeable.
In a perfect prediction market, actors should be able
to act on information that they possess; this includes
the ability to create new contracts corresponding to new
possible outcomes of events that are already traded on.
As suggested by Saaranen (2018), this is needed for the
market to reflect all information that the participants
possess.

(E) Transparency
A free market, where contracts can be bought and sold
at any time by anyone, is necessary for the market to
reflect all information at any instance of time (Ho and
Chen, 2007).

B Augur, Gnosis and Stox in relation to
efficient prediction markets

In this section, we aim to set the technical attributes
of blockchain generally and the similarities of Augur,

Gnosis and Stox specifically in relation to the previously
suggested framework for optimal prediction markets.
To do this, we list six different attributes of the three
organizations that are attributable to either blockchain
in general or similarities in their implementations that
are not attributable to blockchain-specifics:
1) Open source code
Augur, Gnosis and Stox all provide open source
platforms. This lets any user verify how the platform
functions and we reason this builds trust and will lead
to a greater number of participants in the prediction
markets. This directly influences requirement (E)
positively. Intuitively, an open source platform where
the settling function is made public contributes to
meet requirement (C). Because the three organizations
all make use of smart-contracts on Ethereum, all
specifics of each contract representing an event is
public information. Accordingly, this contributes to meet
requirement (C).
2) Public ledger
All three platforms provide a ledger that can be
accessed to explore all past transactions that have been
conducted on the platform. This contributes positively
to requirement (E), which states that a prediction market
should be transparent.
3) Low scalability
Due to the limited abilities of transactions per second
of blockchain applications highlighted by Frid (2018),
given sufficiently many aspiring users of a BPM,
transaction speeds may become too low for the market
to function acceptably. This weakens BPMs with respect
to requirements (A), (B) and (D). It weakens BPMs
with respect to (A) and (B) because it potentially sets a
limit to a number of users that are practically feasible
to maintain, and (D) because actors may not have the
ability to create new contracts that reflect new possible
event outcomes at any time.
4) Permissionless blockchain
In Section VI, we found that any user is free to
participate and create any event. This synergizes with
requirements (B) and (D).
5) Application-specific tokens
All three organizations have application specific tokens.
However, for one of the organizations, a participant
needs to hold the organization’s specific token. We
reason this will have a negative effect on requirement
(A) because it will potentially complicate the process for
a user to participate in the market.
6) Pre-defined sources of event outcomes
As described in Section VI , event outcomes are
decided by oracles in all three platforms. The oracle
is chosen by the event creator and is available to all
investors. This ensures the investors that a pre-defined
transparent source will determine the outcome, without
any possibility for a third-party to manipulate the result.
Thus, the blockchain implementations meet requirement
(C): having a trustworthy settling function to determine
event outcomes.
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In conclusion, an implementation of prediction mar-
kets using blockchain technology will provide solutions
to all of the defined requirements for an optimal pre-
diction market. On the other hand, there are aspects of
a blockchain implementation that impose challenges as
well - specifically to requirements (A), (B) and (D). These
are mainly due to the low scalability of the blockchain
technology. Thus, in order for BPMs to become signific-
ant in providing insights in the outcomes of uncertain
future events, blockchain technology must evolve to
enable faster transaction speeds without compromising
the benefits gained by decentralization.

Summarized, blockchain technology provides solu-
tions that might enable prediction markets to gain signi-
ficant traction. Time will tell whether blockchain techno-
logy can handle the technical requirements that efficient
prediction markets need.

C Sustainability and ethics aspects
With the freedom of creating any event contract in
BPMs, severe consequences may follow. If one creates
the contract ”Will Elon Musk be dead in 2019?” and the
probability of Musk dying is small, users could bet ”Yes”
and gain an economical incentive for murdering Musk.
Hence, the BPM could be used as a platform for creating
bounty contracts or buying other dubious actions from
users.

The blockchain configuration may have a negative
impact on environmental sustainability. Saaranen (2018)
stated that large scale blockchains often suffer from
energy consumption issues. This is due to the consensus
method Proof of Work. In short, using this concept
the the difficulty of the algorithms constantly increase,
increasing the demand for computational power.18

D Choice of method
The work process is based on literature provided in
Section IV, a comparison of Augur, Gnosis and Stox,
as well as on qualitative interviews. The interviewees
have backgrounds that relate to blockchain technology
and are knowledgeable about future technological pro-
gress blockchain technology. However, their knowledge
of Augur, Gnosis and Stox specifically is limited. Con-
sequently, interviewing developers from Augur, Gnosis
and Stox would clarify uncertainties regarding their
specific blockchain implementations - thus improving
the analysis of them. Interviewing prediction market
experts would possibly highlight new perspectives about
optimal prediction market requirements. Even though
the supply of prediction market experts is low, it may be
sufficient to interview a general betting market expert.

18. As of May 2018, digiconomist.net approximates Bitcoin energy
consumption to around 65 TWh/year, placing it above countries such
as Israel and New Zealand.

Although the markets differ in certain aspects, they
have many common attributes. Thus, a betting market
expert might offer useful insights regarding the optimal
prediction market requirements.

We believe the five aspects of comparing Augur,
Gnosis and Stox to be the essential. Yet, adding aspects
would possibly aid to identify other characteristics of the
BPMs. Identifying other characteristics would yield new
results of the analysis of optimal prediction markets on
the blockchain.

E Further research
Firstly, this study concludes that scalability limitations
constitute a bottleneck for blockchain technology to
constitute a platform for optimal prediction markets.
Consequently, further research should focus on devel-
oping blockchain scalability, without compromising its
decentralization advantages. Secondly, this article does
not investigate the scope of prediction markets’ applica-
tions. Therefore, we suggest further researchers to scru-
tinize which areas prediction markets can contribute to
providing insights in probabilities of unknown outcomes
and in which areas they are less applicable. Thirdly,
since many users of different demographics need to
participate for a prediction market to accurately predict
outcomes, we suggest future research to investigate how
to incentivize actors to actively participate on prediction
markets. Finally, policy makers may have an interest in
exploring suiting ways of approaching ethically dubious
wagers on decentralized and pseudonymous prediction
markets.

VIII: Conclusion
1. Similarities and differences between Augur, Gnosis
and Stox
All platforms are open source and allow all users to
invest in any event by buying shares of desired event
outcomes. Markets allow event creators to choose cent-
ralized or decentralized methods for determining the
true event outcome. However, on the Augur platform,
a decentralized oracle will always be present parallel to
a chosen centralized oracle. All platforms have their own
token with different purposes. At Augur and Gnosis,
multiple currencies may be traded while Stox only allows
their own currency to be traded.

2. Requirements for a prediction market which ac-
curately aggregates and reflects as much available
information as possible
We suggest a framework consisting of requirements that
technical prediction market implementation must com-
ply with to be an optimal prediction market. It is based
on the theoretical framework, the comparison of Augur,
Gnosis and Stox, as well as the interviews.
(A) Many actors participate
(B) No actors are prevented from participating
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(C) There is a trustworthy settling function to determine the
outcome of events

(D) Actors in the market are free to create new contracts at
any time

(E) Transparency

3. How the blockchain-specific and application-
specific implementations of Augur, Gnosis and Stox
respectively relate to the requirements in 2)
The blockchains provide solutions for all requirements.
However, requirement A, B and C impose challenges for
the blockchains mainly due to scalability issues origin-
ating from slow transaction speeds. Thus, blockchains
must enable faster transaction speeds in order for BPMs
to fully meet the requirements for an efficient prediction
market.
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Appendix A
Prediction market contract types

Three different contract types for prediction markets.
Contract Example Details Price reflection of

probability
Winner-takes-all Event X: Roger Federer wins the

Wimbledon 2018
Contract costs $p (p <1). Pays
$1 if and only if event X occurs

Probability that
event X occurs,
p(X)

Index Contract pays $1 for every point
Manchester united wins with
against Arsenal

The amount that the contract
pays (I.e. if Manchester united
wins with a score of 3-1, the
contract pays $2.), Y, varies in
a continuous way based on a
number that rises or falls

Mean value of out-
come of Y: E[Y]

Spread Event Z: Manchester united
wins against Arsenal with more
than Z points

Contract costs $p and pays out
2*$p if event X occurs, does not
pay out otherwise.

Median value of Z

Appendix B
Comparison of Augur, Gnosis and Stox

A comparision of the three platforms in six aspects.
Attribute Augur Gnosis Stox
Available open
source software

Yes Yes Yes

Disputes Iterating dispute rounds
(decentralized)

Not yet published Frontrunner method (de-
centralized)

Event creation and
participation

Anyone can create and par-
ticipate in any event

Anyone can create and par-
ticipate in any event

Anyone can create and par-
ticipate in any event

Oracle Decentralized oracle
required. Centralized
oracle optional.

Decentralized or central-
ized oracle required

Decentralized or central-
ized oracle required. De-
centralized oracle can be
called later in case of dis-
putes.

Issued tokens REP GNO, OWL STX
Trading currency
in prediction
markets

Not announced. REP will
not be traded.

Not announced. Will be
multiple currencies, includ-
ing OWL.

STX only

Appendix C
The table below shows the result from a study made by HP in 1996 on prediction markets in comparison to official
forecasts. The study shows that prediction markets outperform the official forecasts for 6/8 events.

Event Official
forecast
error

Prediction
market
error

1 13% 5%
2 60% 57%
3 9% 8%
4 32% 31%
5 30% 24%
6 4% 7%
7 0% 2%
8 28% 24%
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Appendix D
A fork of the blockchain

Appendix E
ERC20 token standard

This is a framework for implementing the ERC20 token standard in solidity.
pragma solidity ˆ0.4.23;

import "./BasicToken.sol";

import "./ERC20.sol";

/**

* @title Standard ERC20 token

*

* @dev Implementation of the basic standard token.

* @dev https://github.com/ethereum/EIPs/issues/20

*/

contract StandardToken is ERC20, BasicToken {

mapping (address => mapping (address => uint256)) internal allowed;

/**

* @dev Transfer tokens from one address to another

* @param _from address The address which you want to send tokens from

* @param _to address The address which you want to transfer to

* @param _value uint256 the amount of tokens to be transferred

*/

function transferFrom(

address _from,

address _to,

uint256 _value

)

public

returns (bool)
{

require(_to != address(0));
require(_value <= balances[_from]);

require(_value <= allowed[_from][msg.sender]);

balances[_from] = balances[_from].sub(_value);

balances[_to] = balances[_to].add(_value);

allowed[_from][msg.sender] = allowed[_from][msg.sender].sub(_value);

emit Transfer(_from, _to, _value);

return true;
}

/**

* @dev Approve the passed address to spend the specified amount of tokens on behalf of msg.sender.

*

* Beware that changing an allowance with this method brings the risk that someone may use both the old
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* and the new allowance by unfortunate transaction ordering. One possible solution to mitigate this

* race condition is to first reduce the spender’s allowance to 0 and set the desired value afterwards:

* https://github.com/ethereum/EIPs/issues/20#issuecomment-263524729

* @param _spender The address which will spend the funds.

* @param _value The amount of tokens to be spent.

*/

function approve(address _spender, uint256 _value) public returns (bool) {

allowed[msg.sender][_spender] = _value;

emit Approval(msg.sender, _spender, _value);

return true;
}

/**

* @dev Function to check the amount of tokens that an owner allowed to a spender.

* @param _owner address The address which owns the funds.

* @param _spender address The address which will spend the funds.

* @return A uint256 specifying the amount of tokens still available for the spender.

*/

function allowance(

address _owner,

address _spender

)

public

view

returns (uint256)

{

return allowed[_owner][_spender];

}

/**

* @dev Increase the amount of tokens that an owner allowed to a spender.

*

* approve should be called when allowed[_spender] == 0. To increment

* allowed value is better to use this function to avoid 2 calls (and wait until

* the first transaction is mined)

* From MonolithDAO Token.sol

* @param _spender The address which will spend the funds.

* @param _addedValue The amount of tokens to increase the allowance by.

*/

function increaseApproval(

address _spender,

uint _addedValue

)

public

returns (bool)
{

allowed[msg.sender][_spender] = (

allowed[msg.sender][_spender].add(_addedValue));

emit Approval(msg.sender, _spender, allowed[msg.sender][_spender]);

return true;
}

/**

* @dev Decrease the amount of tokens that an owner allowed to a spender.

*

* approve should be called when allowed[_spender] == 0. To decrement

* allowed value is better to use this function to avoid 2 calls (and wait until

* the first transaction is mined)

* From MonolithDAO Token.sol

* @param _spender The address which will spend the funds.

* @param _subtractedValue The amount of tokens to decrease the allowance by.

*/

function decreaseApproval(

address _spender,

uint _subtractedValue

)

public

returns (bool)
{

uint oldValue = allowed[msg.sender][_spender];
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if (_subtractedValue > oldValue) {

allowed[msg.sender][_spender] = 0;

} else {

allowed[msg.sender][_spender] = oldValue.sub(_subtractedValue);

}

emit Approval(msg.sender, _spender, allowed[msg.sender][_spender]);

return true;
}

}

Appendix F
Interview questions

• Who are you and what is your background?
• Why did you become interested in the blockchain technology?
• What experiences do you have in blockchain? Job related experiences, invested in cryptocurrencies etc.
• Can you explain what a blockchain is and how it works?
• What is a token and how it is defined?
• What are the benefits and drawbacks of using a decentralized system?
• Which are the largest blockchains today and what are they used for?
• What are the most common implementations for blockchains and why is the blockchain technolgy necessary for

them?
• Why are cryptocurrencies common implementations?
• What is a fork and how does it work?
• What is the difference between Proof of Work and Proof of Stake?
• What are the benefits and drawbacks of using proof of work instead of prrof of stake? Are there any other

consensus methods?
• Can you explain how a prediction market works?
• What are the benefits and drawbacks of using blockchain technology for prediction markets?
• Can you identify any further problems regarding prediction markets? E.g. ethical aspects, difficulties of

implementation etc.
• What problems are common generally when implementing blockchain in new fields?
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