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The purpose of this thesis is to examine is there a favorite-longshot bias in English
horse racing betting markets and are there statistical or economic inefficiencies
regarding to the bias. The statistical approach tests if the subjective probabilities that
are derived from the betting odds are an unbiased estimator of so-called objective
probabilities that are probability estimates estimated from observed results. The
economic approach tests if one can achieve excessive returns by systematically
betting with some betting strategy. In addition, it is researched if there are cross-market
inefficiencies between “win” and “place” markets that could be exploited by betting with
betting strategies in which one bets for the horse in one market and against the same
horse in another market.

The odds data that is used in this thesis is Betfair Starting Price odds from Betfair
betting exchange. Statistical efficiency is studied with linear regression for odds groups
and economic efficiency is studied with doing t-tests for the average returns of odds
groups. Also, cross-market efficiency is tested with t-tests for the average returns of
the chosen betting strategies. Finally, the results of the thesis provide insights into the
existence and consistency of the favorite-longshot bias and statistical and economic
efficiency in win and place markets.
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Taman  tutkielman  tarkoituksena  on  selvittaa,  esiintyyk6  Englannin
laukkavedonlydntimarkkinassa suosikki-altavastaaja -harhaa ja tilastollisia tai
taloudellisia epatehokkuuksia tahan harhaan liittyen. Tilastollinen ndkodkulma testaa,
vastaavatko kertoimista lasketut subjektiiviset voittotodennakoisyydet toteutuneiden
voittojen  keskiarvoista  laskettuihin  ns.  objektiivisiin  todennakoisyyksiin.
Taloudellisessa nakokulmassa testataan, pystyykoé jollain vedonlyontistrategialla
tekemadan systemaattisesti tilastollisesti merkitsevaa tuottoa. Liséksi tutkitaan, onko
voittaja- ja sijamarkkinan valilla epatehokkuuksia, joita voisi hyddyntaa lyémalla vetoa
hevosen puolesta toisella markkinalla, ja samaa hevosta vastaan toisella markkinalla.

Tutkielmassa kaytettdva kerroindata on Betfairin vedonlyontipdrssin Starting Price -
dataa. Tilastollista tehokkuutta tutkitaan kayttdmalla lineaarista regressiota
kerroinryhmille, ja taloudellista tehokkuutta tekemalla t-testejd eri kerroinryhmien
keskimé&araisille tuotoille. My6s markkinoiden valista tehokkuutta tutkitaan t-testeilla
valittujen vedonlyOntistrategioiden keskimaaraiselle tuotolle. Tulokset kertovat
havaintoja suosikki-altavastaaja -harhan esiintymisestd, seka tilastollisesta ja
taloudellisesta tehokkuudesta voittaja- ja sijapelissa.
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1. Introduction

The efficiency of betting markets has been widely researched in different types of
betting markets in multiple countries. Betting markets have some similarities with other
financial markets, such as the stock market and especially the option market. The
similarity with options is that the bets have a defined termination point at which the
value of the bet becomes certain (Thaler and Ziemba 1988). Betting and option market
can be seen as easier to study than stock market, because the bets and options have
an expiry point in which the value of the bet or the option is determined. A stock does
not have a similar terminal point (except in a buyout case), so it is more difficult to

determine the stock’s fair value.

Betting markets can provide entertainment for a casual sports or horse racing
enthusiast but also offer very interesting possibilities to make profit. One of the main
advantages of betting as a form of investment is the possibility for a rapid turnover for
one’s capital. There are hundreds of horse races across the world each day. If one
could find a systematical edge that would lead to profitable bets, one could increase
their capital quickly and with relatively low volatility, because of the possibility of a fast

turnover of capital.

This study has been done from the point of view of people who practice betting as a
profession or a source of income and have a long experience from that. Betting always
involves risks, and risk management is a crucial factor if one is willing to succeed in
betting. Betting can also have negative impacts on one’s life because of possible

losses and risk of addiction, and therefore it is not suitable for everyone.

There are two different types of efficiencies that can be considered when researching
the betting market: statistical efficiency and economic efficiency. Statistical approach
examines if the betting odds are unbiased estimates of the outcome of a betting event.
In the economic approach one generates betting strategies after which one tests if one
can achieve excessive profits with these strategies. If excessive profits can be
achieved, then the market is not economically efficient. (Koning 2012) Statistical

efficiency can be researched by testing if subjective probabilities, that are the



probabilities that the betting odds imply, are equal to the so-called objective
probabilities, that are probability estimates estimated from observed results. If
statistical inefficiency occurs, it does not necessarily mean that one could financially
benefit from the inefficiency, because of the bookmaker’s margin. That is why it is also
interesting to test the economic efficiency. Economic efficiency is tested with the

betting odds to see if one can make profit from the inefficiency or not. (Franke 2020)

The purpose of this thesis is to research inefficiencies in English horse racing betting
market. The research will cover “win” and “place” betting markets from Betfair betting
exchange. The occurrence of favorite-longshot bias in those games will be researched.
It is also researched if one can get better yields on average with a cross-market
strategy, in which one bets for the horse in one market and against the same horse in
the other market. This topic was chosen together by the author of this thesis and a
company named European Sports Betting Consultants Oyj (ESBC). The company
does research and analysis of different markets and games that involve skill, such as
sports betting market, poker, and stock market. ESBC sells sports betting analysis to
its customers. The company has researched horse racing betting markets as well and
wanted to know if the kind of inefficiencies that are discussed in this thesis exist. If
inefficiencies exist, there can possibly be profitable betting opportunities. Finding a
systematically profitable betting strategy could be financially beneficial when betting
with this strategy in the future. If the inefficiencies do not exist, that is also useful
information when searching for profitable bets in these betting markets. The thesis
could also provide some interesting results that would encourage further research on

the subject.

There are three research questions:

Is there a favorite-longshot bias in the “win” and “place” markets of Betfair betting

exchange in English horse racing during the chosen time period?

Are there significant statistical or economic inefficiencies regarding the favorite-

longshot bias?



Is there a cross-market inefficiency between “win” and “place” markets that could be
exploited by betting with the chosen betting strategies in which one bets for the horse

in one market and against the same horse in another market?

The research questions are answered by doing statistical tests in Matlab, using the
data of Betfair starting price odds and analyzing the results. Favorite-longshot bias
(FLB) is a phenomenon where bettors tend to overvalue longshots compared to
favorites. If bettors overvalue longshots, and FLB exists, it means that on average, by
betting a favorite one can get better returns than by betting longshots. FLB is quite a
widely researched phenomenon in academic studies (see e.g., Griffith 1949, Thaler
and Ziemba 1988, Benter 1994), but there is not much previous research about cross-
market inefficiencies, at least in the betting markets. In the previous research, the
studied betting odds are usually from tote betting or from the bookmakers (e.g., Griffith
1949, Ali 1977, Thaler and Ziemba 1988, Benter 1994, Busche and Hall 1988, Franke
2020, Koivuranta and Korhonen 2021). In this thesis, the used betting odds are from a
betting exchange, which allows a more diverse examination. In betting exchanges, it
is possible to bet against a horse, so that possibility introduces a whole new point of
view to the analysis of FLB. There are some studies that research both win and place
markets, but there is not much previous research that combines betting in multiple
different markets such as this thesis.

The structure of the thesis is as follows. The second chapter will introduce betting in
general and terminology regarding betting that will be useful to know when reading this
thesis. The third chapter will introduce previous literature of significant topics regarding
this thesis, such as the FLB and the EMH. The fourth chapter is about the data that is
used in this thesis and the applied methodology. The fifth chapter introduces the results
of the thesis and there are brief comments explaining them. The sixth and final chapter
discusses the main findings, potential future subjects to research, and concludes the

thesis.



2. Introduction to betting

This chapter focuses on the fundamentals of sports betting and betting markets in
general, and on the Betfair betting exchange that is used as the betting platform in this
research. Betting related topics are introduced because it is useful to the readers to
understand the terminology and fundamentals of sports betting. The covered topics in
this chapter include the betting odds and how they are determined, the bookmakers
and betting exchanges, the return rate in betting, the expected value of a bet, different
staking methods, the description of the betting markets used in this study and

malpractice in betting.

2.1. The betting odds determination

The odds in betting are a so-called price that the bookmaker or betting exchange offers
for some event happening, for example for a team to win a football match. The bettors
can decide whether they want to bet money on a certain outcome for certain odds.
Some bookmakers use their own odds calculators to calculate the betting odds they
offer. Many bookmakers are buying their odds from a third party that calculates the
odds they are offering, and then modifies the odds according to new information and
market behavior. In betting exchanges, the odds are completely determined by the
betting market, that consists of people that are willing to buy or sell bets at certain
prices (betting odds). Buying a bet means betting for something, for example for a
horse to win the race. Selling a bet means betting against that bet, meaning taking the

opposite side of the bet.

Because the bookmakers can use different methods to determine their betting odds,
there can be differences in the odds between the bookmakers. The differences are
usually quite small, because larger differences in betting odds would lead to arbitrage
opportunities for bettors. In that case, one could for example bet a team to win a football
match at odds 2.02 to one bookmaker, and then bet the opposite bet (the team to not
to win the match) to another bookmaker at odds 2.02. If that was the case, one could
bet for example 100 € for both outcomes and secure oneself a sure profit of 2 € (100
€ *2.02 - 200 € =2 €). If that kind of arbitrage exists, rational bettors will exploit the

arbitrage for a sure win, and then the bookmakers would make a loss from that event.



Nowadays when bettors have access to internet and to multiple different bookmakers,
the arbitrages are easier to exploit than in the past when betting was done by
telephone. That is why bookmakers modify their betting odds and there are only small
differences in odds between the bookmakers. In betting exchanges, arbitrages are
rarer because they only occur if the bettors are irrational and offer the arbitrages
themselves. There are multiple different software that can be used to monitor the
betting odds in betting exchanges and people can automatically exploit the arbitrages

immediately when they occur.

In addition to bookmakers and betting exchanges, some betting companies also offer
totalizator betting which is also called pool betting or parimutuel betting. Totalizator
betting, as well as betting exchange, are risk-free options for a betting company,
because it only operates as the organizer of the betting and not as the counterparty of
the bets. In totalizator bets, the bets are placed in a betting pool, and the odds are
determined by how much is bet on each possible outcome. The betting company earns
profit by taking a deduction from the pool, and then it distributes the rest to the winning
bets. (Franck et al. 2013)

2.2. Payout rate

The payout rate, or the return rate, of a betting game represents the amount of money
won divided by the amount of money wagered in a betting event (Sévigny 2005). It can
be calculated from the available betting odds. The payout rates can differ between
different betting markets. Traditional bookmakers set their odds in a way that they
estimate the probabilities for possible outcomes, calculate the multiplicative inverse of
the probabilities and then cut the odds with desired margin. The betting odds can be

calculated with the following equation:

1

L

Where 0; is the odds for the bet, p; is the probability estimate for the bet to win and M

is the bookmaker’s margin meaning that the payout rate is (1 — M).



Nowadays the payout rates of the bookmakers in the most popular sports events can
be even 98 %, which means that by guessing, one loses 2 % of one’s stake on average.
In horse racing, the bookmakers’ payout rate is usually much lower, typically between
80-90 %. In horse racing pool betting, the payout rates are typically around 75-85 %
depending on the betting game. Generally, the payout rates are higher for simple
betting games like win or place betting, and lower for more complex games like exacta
and trifecta. (Woodland and Woodland 1994, Koivuranta and Korhonen 2015)

In betting exchanges, the return rate depends on the liquidity of the betting market and
the commission that the betting exchange charges. Betfair's lowest commission tier is
2 %, which means that the return rate is 98 % if the market would have the correct
odds that reflect the objective winning probabilities for every horse. Therefore, Betfair
exchange has on average higher odds than traditional bookmakers or betting pools, if

there is enough liquidity.

2.3. Expected value

To calculate an expected value to a bet, one must have a probability estimate and the
betting odds for the bet. A probability estimate means an estimation about what is the
probability of the bet to win. McGlothlin (1956) explained that the expected value of a
bet can be calculated by multiplying the probability estimate of a bet with the betting
odds for that bet. This is how one can identify which bets are expected to be profitable
and which are not. Rational bettors only place the bets where they expect to get value

from the bet. That means that they will win in the long run by placing such bets.

The expected value is simple to describe with a coin toss betting game. If one bets on
coin toss, the fair odds for either heads or tails would be 2.00 because both outcomes
have a probability of 50 %. If one gets odds lower than that, there is no value in the bet
because it loses money in the long run. But if someone offered odds of 2.10 for heads,
a rational bettor would take that bet because it has an expected value of more than
one (0.50 * 2.10 = 1.05). That means that the bettor would make a profit of 5 % for
one’s stake in the long run, given that the coin toss is not rigged. (McGlothlin 1956)



In the real world, bettors do not usually place all the bets that have an expected value
of more than one, because they know that their probability estimates are not perfect,
and the estimates always contain some uncertainty. Therefore, most professional
sports bettors use some kind of a margin in expected value when deciding whether to
bet or not. The margin depends on the bettor and the amount of uncertainty one thinks

is in that specific probability estimate.

2.4. Staking methods

Stake is the money that a bettor bets on a match. Choosing one’s stake is an important
part of the betting process because it affects one’s long-term turnover in betting. In the
worst case, it can even destroy one’s betting capital and affect the overall quality of life
of bettor, if the risk management is not sufficient. The most important rule for betting
and gambling in general is to not bet more than one affords to lose. Regardless of if
one is a recreational bettor or a professional sports bettor, wagering too much money

will ruin one’s betting career, and possibly whole life.

The simplest staking method is unit staking, which means one bets one unit of one’s
betting capital for each bet. A unit represents a portion of one’s betting capital, for
example one percent of betting capital. The advantage of the method is that it is very
simple. According to Barge-Gil and Garcia-Hiernaux (2020) the problem in unit staking
is that when the bets with higher odds have much more impact to the betting capital
than bets with lower odds, because the wins are much lower with lower odds, when

the stake is the same in every bet.

One alternative method that can provide a solution to this problem is unit-win staking.
It means that one chooses one’s betting amount so that one is trying to win one unit
with every bet. This allows the bettor to win the same number of units with both
favorites and longshots, regardless of the betting odds. On the other hand, in this
staking strategy the potential loss is bigger with lower odds than with higher odds.
Barge-Gil and Garcia-Hiernaux (2020) have also presented a third alternative, unit-
impact staking, in which the difference between possible win and possible loss is
always the same regardless of the betting odds. This reduces the effect of unit-win

staking, in which one has bigger potential losses with lower odds.



The most popular staking method amongst betting professionals is Kelly staking which
comes from Kelly criterion. Kelly (1956) created an equation by which a bettor can set
a stake that maximizes one’s growth rate of betting capital. The Kelly equation is as

follows:

_p*o-—1
 o0-—1

Where S is the suggested stake by the criterion, p is the winning probability of the bet
and o is the odds for the bet. One of the considerable factors about Kelly staking is that
the Kelly criterion assumes that the probability estimate is accurate. If one’s probability
estimates are too optimistic on average, the equation would suggest stakes that are
higher than the optimal stakes for the bankroll growth. If the probability estimates are
very optimistic, that can cause the stakes suggested by Kelly criterion to lead to

negative growth of betting capital.

2.5. Betfair betting exchange

Betting is usually done by using a bookmaker or a betting exchange. Bookmakers and
betting exchanges have different business models. Bookmakers offer odds that
customers can bet, and act as a counterparty to their customers’ bets. Bookmakers try
to make profit by setting the odds so that their customers lose money on average.
Betting exchange is a marketplace where customers can buy or sell bets between each
other. It operates the same way that exchanges operate in other financial markets.
Supply and demand determine the price of the product, which in this case is the betting
odds to the sports event or horse race. The owner of the betting exchange is not a
counterparty to the customers’ bets but offers a platform for customers to trade. Betting

exchanges make profit by taking commission and charges from customers.

Betfair is a British gambling company. It also offers traditional bookmaker services but
is more known for operating the world’s largest betting exchange. Betfair betting
exchange offers a large variety of sports and leagues to bet on. Customers can also
bet on outcomes of political events, for example elections, and entertainment events,

such as TV competitions. Buying a bet on Betfair betting exchange is called backing,



and selling a bet is called laying. For example, to back a horse in a horse race means
that one bets for the horse and wins money if the horse wins. To lay a horse means

that one bets against the horse and wins money if the horse loses.

2.5.1. Commission and Premium Charges

Betfair charges commission from its customers’ winning bets. If the bet is lost, no
commission needs to be paid. The commission of the net winnings depends on what
reward plan one chooses on one’s Betfair account. To maximize one’s possibility to
create yield in betting in the long run, it is reasonable to select the lowest commission
possible, which is 2 %. This commission is used in this research when calculating the
real betting odds from gross betting odds.

c
Net odds =1+ <<1— 100 %)> *(0—1)
The net odds can be calculated by the equation above, where ¢ is the commission as

a percentage and o is the gross betting odds for the bet.

The premium charge is an additional charge that Betfair applies to a small percentage
of its customers, that make long-term profit and meet certain criteria. A customer is
considered for the premium charge if one’s account is in profit, one’s total charges
(commissions) generated are less than 20 % of one’s gross profits and if one has bet
in more than 250 markets. However, any single win that constitutes more than 50% of
one’s gross profits over lifetime of one’s account will be excluded from the calculation,
and all the customers have a lifetime allowance of 1000€ of premium charges before
any premium charge is paid. The premium charges will be charged weekly from
customers that meet all the conditions. A customer will be charged the lesser of two
options: 1) The difference between 20 % of the previous week’s gross profits and the
total charges generated during the week; and 2) the difference between 20% of gross
profits and the total charges generated during the lifetime of the account. (Betfair)
Since premium charges affect only a small percentage of customers and depend on
the historical profits of one’s Betfair account, the premium charges will not be

considered in this research. It is still important to mention that these charges will reduce
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one’s net profits in the long run, if one can make persistent profit on Betfair betting

exchange.

2.5.2. Betfair Starting Price

The odds used in this research are Betfair Starting Price (BSP) odds. The BSP is
calculated at the start of an event by balancing bets from customers that want to back
and lay at Starting Price. BSP odds are used because those are the last odds available
to bet on before the race starts. It is comparable to the closing price in stock
exchanges. BSP odds are also the same for every bettor. Using BSP odds will make
the repetition of the betting strategies used in this research easier, because one can
directly bet on the starting price. Then one does not necessarily need to observe the
betting odds all the way from the opening of the market to the start of the race. BSP
odds are an obvious choice to be used in this thesis because Betfair exchange is a

marketplace that does not restrict its customers’ bets or stake sizes.

BSP is comparable to the closing odds of traditional bookmakers. According to Krieger
and Fodor (2013), closing odds are more accurate than opening odds in betting. The
logical explanation for this is that the amount of information that bettors have increases
when moving closer to the starting time of a sports event or horse race. Typically, the

liquidity of the betting markets also increases when the starting time is nearing.

Technically, there is no limit how much money one can bet if one chooses to bet on
Betfair Starting Price. The price of the bet will depend on how much liquidity is on the
opposite side of the bet, as there must always be the opposite bettor when betting on
an exchange. If there is not much liquidity on the opposite side, the BSP may decrease

significantly if one tries to bet with a relatively large stake.

2.5.3. Malpractice in betting exchanges

Malpractice, such as match fixing, plays a sad part in sports betting. Match fixing

typically means that some third party pays money to a sports team or competitor for
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them to lose the match or sports competition on purpose. The objective for such an
activity is usually to win money by betting against the sports team or competitor. Betting
exchanges can be considered more vulnerable for malpractices such as race fixing,
than traditional bookmakers or pari-mutuel betting pools. The reason for this is that in
betting exchange, one can bet directly against a horse if one thinks the horse is not
going to win or place in the race. This can be done by laying the horse on betting
exchange. One could also bet indirectly against a horse in a pari-mutuel betting pool
or with traditional bookmakers by betting all the other horses in the race except the one
that is predicted to lose. However, it would be far more cost-efficient to do this on a
betting exchange, because of the bookmaker margins and the track take in pari-mutuel
betting pools. Laying a horse in betting exchange would only cost the commission of 2
% plus possible premium charges, whereas bookmakers’ margins and track take in

pari-mutuel betting pools can be above 15 % (Woodland and Woodland 1994).

Brown and Young (2017) did not find any proof of widespread corruption of horse
racing on the betting exchanges. They did not find evidence of adverse selection when
comparing back and lay bets. The observed win rates were close to the probabilities
implied by the betting odds. According to Marginson (2010), betting exchanges allow
a new form of insider trading to betting based on information asymmetries: profiting
from known losers. He finds suggestive results for the known loser phenomenon in
which insiders have information that some horse cannot win and thinks that further

research into the subject is necessary.

Brown (2012) finds evidence of insider trading in in-play markets on a betting
exchange. In-play market means the same as live betting, that is betting during the
event. Brown says that the findings show that some people are observing the action
before most bettors, and place bets exploiting this information. This can be explained
with differences in the delay of a stream or TV signal, as in the UK, the speed of
television signal differs considerably between the channels transmitted terrestrially and

the channels transmitted by satellite.
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2.5.4. Win and place markets

In this research the studied betting markets are “win” and “place”, which both are
available at Betfair. The difference between the markets is that in the win market one
bets on the horse to win the race, and the bet is winning only if the horse wins. In place
market, one bets the horse to be in top 2, top 3, or top 4 in the finishing order. The
number of winning selections in place market is determined by Betfair when they open
the race for betting, and it can differ between the races. There can also be multiple
place markets for the same race, for example both top 3 and top 4 places. There is no
systematic rule that determines the number of horses to be placed in a race, but it is
positively correlated to the number of runners in the race. The data that is used in this
study has place odds from only one place market of each race, and it can be either top

2, top 3, or top 4 market.

In some rare cases, there can be two or even more winners in the win market, in case
of a dead heat. Dead heat means that there is a tie between two or more runners, and
it happens when the race officials cannot see the difference between two horses
finishing. In case of a dead heat, the winnings are not paid with the odds that the bet

was placed with, because of multiple winners. The odds are then corrected with the

pnl_win = <(%) * (0 — 1)) — (s * e ; 1),

following formula:

where pnl_win is the profit or loss from the bet, s is the stake of the bet, n is the

number of tied runners and o is the betting odds. Dead heat is also possible in the

place market, where there is a tie for the last place eligible for place winnings. In this

case, the place odds are corrected with the following formula:

pnl_place = <(s * g) * (0 — 1)) — <s * g)
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where pnl_place is the profit or loss from the bet, s is the stake of the bet, n is the

number of tied runners, p is number of payouts and o is the betting odds. There are

some dead heat events in the data used in this research. The odds in those events

are corrected with the formulas presented above.
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3. Literature review and theoretical framework

This chapter examines the previous literature on topics such as the favorite-longshot
bias (FLB), efficient market hypothesis (EMH), and efficiency tests in betting markets.
Favorite-longshot bias is a phenomenon that is a fundamental part of this thesis as
explained in the introduction chapter and in the first research question. Efficient market
hypothesis and efficiency tests are discussed because this research studies the

efficiency of the selected betting markets.

3.1. The favorite-longshot bias

The favorite-longshot bias is one of the most researched topics in the betting markets.
The FLB bias describes a regular inefficiency occurring in betting markets. Bettors
seem to value longshots too much compared to their betting odds and undervalue the
favorites. That leads to favorites having better returns on average than longshots.
(Griffith 1949) Griffith was the first to describe the FLB in 1949. The phenomenon has
since been studied in different sports and different markets in multiple countries. The
FLB has also been researched in other financial markets outside of betting. Many of
the studies use data from pari-mutuel betting pools or traditional bookmakers (e.g.,
Griffith 1949, Ali 1977, Thaler and Ziemba 1988, Benter 1994, Busche and Hall 1988,
Franke 2020, Koivuranta and Korhonen 2021). There are only a few previous

academic studies that research the FLB in betting exchanges.

3.1.1. The FLB in horse racing

The FLB has been widely researched in horse racing, especially in the win market,
where one’s objective is to bet for the winner of the race. Griffith (1949) was the first
one to describe the phenomenon. He analyzed win market data and noticed that
betting on the favorite horses in horse racing leads to considerably better returns than
betting the longshots. Griffith suspected that the reason for the bias is that bettors

cannot properly understand the betting odds as probabilities.

Thaler and Ziemba (1988) found out that the place and show (in show betting one bets

for the horse to finish in top 2 of the race) pools were less efficient than the win market
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betting pool. They argued that because of those bets being more complicated, it is
harder for bettors to determine good bets in place and show pools. According to them,
bettors are locally risk seeking because bettors make bets that are known to lose
money in the long run. By “locally” they mean the bettors that are betting at the
racetrack. They argue that people go to the racetrack to bet, because watching the
races without betting is not as interesting. The FLB was also found to be stronger for
the last races of the day because bettors are losing towards the end of the day on
average, but they want to go home as a winner. Bettors don’t want to risk losing large
amounts of money, so that leaves them only the option to bet a longshot with smaller

amounts.

Koivuranta and Korhonen (2019) studied the FLB in win and quinella markets in Finnish
and Swedish trotting races. They find out that the FLB is considerably stronger in the
win market than in quinella market, in which bettors try to predict the first two horses
of a race. According to them, the misperception of probabilities, that was also the
explanation of Griffith (1949), is a better explanation for the FLB than the risk-seeking

preferences of bettors.

Most of the research about the FLB in horse racing has been done by using data from
either pari-mutuel betting pools or traditional bookmakers (e.g., Griffith 1949, Ali 1977,
Thaler and Ziemba 1988, Benter 1994, Busche and Hall 1988, Franke 2020,
Koivuranta and Korhonen 2021). There are also some studies that use data from
betting exchanges (e.g., Smith et al. 2006, Smith et al. 2009, Smith 2013). Smith et al.
(2009) studied if bookmakers are better at predicting outcomes in horse racing than
bettors are in betting exchanges using a conditional logistic regression model. They
find that when there is high liquidity in the event, the betting exchange odds have more
predictive power than the corresponding bookmaker's betting odds. They used
Betfair's odds data as well, but unlike in this research, they used the 10.30 a.m. betting
odds. In this research, the Betfair Starting Price odds are used because of the reasons
described in chapter 2 and because the liquidity is higher when betting with BSP
compared to betting at 10.30 a.m. Smith et al. find in their research that betting
exchange odds have more predictive power than corresponding bookmaker’s odds

when the event has high liquidity.
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Snowberg and Wolfers (2010) researched the FLB in multiple types of horse racing
betting games, including win, exacta, quinella and trifecta. In exacta one tries to pick
the top two horses of the race in correct order. Quinella is otherwise the same as
exacta but the order of the top two horses does not matter. In trifecta one tries to pick
the top three horses of the race in any order. They use data of all horse races run in
North America from 1992 to 2001, total of 865 thousand races. Their results showed
that there is a notable FLB because the average return was higher the more likely the
horse was to win. They noticed that the FLB is caused more by misperceptions in
estimating the probabilities of the bets than risk-love behavior. Their findings show that
the FLB is not large enough to make systematically betting on the favorites profitable
because of the track take, but unbiased bettors can significantly reduce their cost of
betting.

3.1.2. The FLB in other sports and financial markets

In addition to horse racing, the FLB has also been studied in other sports, for example
football, basketball, baseball, ice hockey, American football, and tennis. There is also
research about the FLB in financial markets. Hodges et al. (2003) found a relationship
between probabilities and average returns in FTSE 100 call options, that was very
similar to findings about the FLB in various studies about the horse racing betting
markets. Also, the deep in-the-money calls on the S&P 500 futures were found slightly
profitable, and the out-of-the-money call options increasingly unprofitable. The deep
in-the-money options are comparable to favorites in betting because those have a high
probability of expiring in-the-money and out-of-the money options are comparable to

longshots because they have a higher probability of expiring worthless.

Abinzano et al. (2019) researched the FLB in tennis betting exchanges. Their findings
showed that the FLB was stronger in Grand Slam tournaments, and that the effect of
the FLB was greater in matches with two low-ranked players. The FLB was stronger in

the markets where the volume of trading was higher.



17

3.1.3. Exceptions to the FLB

Although the FLB has been proven to exist widely in different markets and different
sports, not all research about the topic has come to similar conclusions about the bias.
Busche and Hall (1988) examine a data set from Hong Kong horse races. They find
that unlike in earlier studies about the FLB in the UK and the US, bettors in Hong Kong
seem to be risk neutral or risk averse. They were the first to discover a contrary
phenomenon compared to previous research, called the reverse FLB. As an
explanation, they offered cultural differences between Hong Kong and the US. Benter
(1994) detected the reverse FLB in betting market’s prediction about the horses placing
second and third in exotic betting games by using data from Hong Kong races. He
explained the phenomenon by stating that the Harville formula does not consider
randomness well enough, and that randomness plays an increasing role for finishing

positions further away from the first position.

3.1.4. Explanations for the FLB

There are two main theories proposed to explain FLB. Griffith’s (1949) explanation is
that bettors make systematic errors in estimating probabilities by overestimating small
probabilities and underestimating high probabilities. The prospect theory by Kahneman

and Tversky (1979) gives theoretical support for this explanation.

The other explanation is that bettors are rational but risk-seeking. The theory behind
this explanation is based on utility analysis by e.g., Weitzman (1965), and Friedman
and Savage (1948).

Thaler and Ziemba (1988) list multiple explanations for the FLB. In their listing they
mention that bettors might overestimate the chances of longshots, they might
overweight the small probability of winning as in prospect theory, they may derive utility
from betting a longshot because it is a cheap thrill, they can gain more excitement from
picking a longshot as they will earn bragging rights when the longshot wins or they may
choose the horses that they bet on for other irrational reasons, like the horses name.

In pari-mutuel betting, there is no possibility to lay a horse like in a trading exchange,
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so that is why bettors can drive down the odds of the longshots because of above

mentioned reasons.

Koivuranta and Korhonen (2021) find that the short-term risk preferences of bettors in
Swedish horse racing change with economic conditions. Risk-appetite amongst bettors
consistently decreases after news on disastrous events such as economic disasters,
natural disasters, and terrorist attacks. Psychological factors and emotions such as
fear are believed to explain the findings.

3.2. The efficient market hypothesis

As said in the introduction chapter, there are two different types of efficiencies that can
be tested: statistical efficiency and economic efficiency. To test if the market is efficient,
one needs to determine what efficiency means. According to Fama (1970), in efficient
markets all the relevant information is reflected in the asset prices immediately. In that
case the asset prices equal the actual value of the asset, and no one can achieve

abnormal returns, because all the assets are always correctly priced.

Fama (1970) presents three forms of market efficiency: the weak form, the semi-strong
form and the strong form. If the market is efficient according to the weak form, it means
that the historical price data is correctly priced in future prices so that no one can get
excess returns using only the historical prices in predictions. The semi-strong form of
market efficiency means that all the publicly available information is correctly priced in
the asset price. The strong form of market efficiency means that all the relevant
information that exists is fully reflected in prices. The strong form includes both public

and private information.

The market efficiency in betting markets can also be divided into three forms.
According to the weak form, all the historical data of the betting odds is correctly priced
in the market. The semi-strong and strong form of efficiency also work in betting
markets the same way as with other asset markets. This thesis focuses on the weak
form of efficiency, as the only information used to research the efficiency are the
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historical betting odds. Most of the previous research on the subjects similar to this
thesis also use the weak form efficiency, such as Ali (1977), Snyder (1978) and Asch
et al. (1982).

Snyder (1978) researched if the horse racing betting markets are efficient according to
the weak, semi-strong or strong form of efficiency. According to Snyder, a suitable
weak form test is to investigate if the betting odds assigned by bettors in parimutuel
betting pools can be used to earn excess returns. He calculated returns for previously
published studies by grouping the odds into eight groups. The findings were that there
was a weak form inefficiency because the groups with lower odds provided
systematically better returns than the groups with higher odds. Strong form of efficiency
was studied by investigating the horse racing experts that publish their predictions of
the races. It was revealed that the experts’ predictions had even greater bias than the

betting market’s predictions.

Asch et al. (1982) investigated the market efficiency of racetrack betting. Their
research questions included if market odds determined by the betting public are the
best data available to predict the finishing order of a race, and if the odds reflect the
true winning probability of a horse. The study found out that betting odds are good in
predicting the true objective probabilities but there is also a clear tendency that
favorites are undervalued compared to the longshots. Despite this bias, the study did
not find a strategy based on observable betting odds behavior that would return profit.
The inefficiency was too small to overcome the track take in the betting odds.

3.3. Efficiency tests in betting markets

Thaler and Ziemba (1988) argue that betting markets could be more suitable for
efficiency tests than traditional financial markets. Unlike stocks, bets have a known
determination point at which the value of a bet is realized. Two approaches to efficiency

in betting markets are statistical and economic approach (Koning 2012).

The null hypothesis in statistical market efficiency test is that the objective probabilities

equal the subjective probabilities that are derived from betting odds. Objective
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probabilities are probability estimates estimated from observed results. (Koning 2012)
The objective probabilities in this research are the average winning or placing
probabilities of odds groups. The determination of (normalized) subjective probabilities
is described in the methodology section. Statistical efficiency can be tested with
regression tests (e.g., Zuber et al. (1985), Sauber et al. (1988), Woodland and
Woodland (1994), Asch and Quandt (1987)). Asch and Quandt (1987) and Woodland
and Woodland (1994) divided the horses to groups to test if there are statistical
inefficiencies at certain odds levels. This research uses the same approach in testing
statistical efficiency by grouping the horses into groups and then implementing a linear
regression. The average objective probabilities for odds groups are regressed on the
average subjective probabilities of the odds groups. It is tested if the coefficient of the
independent variable, which is the subjective probability for odds group, is one. If it is
one, then the subjective probability is an unbiased estimator of objective probability.
The regressions needed to run the test are presented in more detail in the methodology

section.

The null hypothesis in economic market efficiency is that a betting strategy will not
provide consistent profits, so the average net return of a strategy is less or equal to
zero (Franke 2020). T-tests can be applied to see if the return of a betting strategy is
significantly above zero (e.g., Snyder (1978), Paton and Williams (2005)). T-test, also
known as Student’s t-test, is used to test if there is a difference between two
independent sample means. With the test it is tested if the average net returns of odds
groups are zero or less than zero. If the average returns for odds groups are zero or
less than zero, then the market is economically efficient. T-test assumes that the
sample means are normally distributed. However, the t-test does not require a normal
distribution when the sample size is large enough. Lumley et al. (2002) say that the
boundary of large enough sample size is often under 100 observations, and with

extremely non-normal data it is still less than 500 observations.
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4. Data and methodology

In this chapter, the data and methodology used in this research are presented. The
basic information about the data is covered, as well as some special characteristics
that are worth noting in this research. The methodology section introduces the methods
used to study the research questions: linear regression and Student’s T-test.

4.1. Data

Betfair Exchange usually has “win” and “each way” betting games for each race. Also,
there are one or more place markets, that can be top 2, top 3, or top 4 places. The
data used for this research can be downloaded directly from Betfair's website and it is

freely accessible. The information about the data is presented in table 1.

Table 1. Description of the variables in the data

| Field || Description |
| EVENT_ID || Betfair internal event ID |
| MENU HINT || Contains the name of the race meeting |
| EVENT NAME || The race name as it appears on the Betfair menu - place markets are always 'To Be Placed' |
| EVENT DT || The start time of the race |
| SELECTION_ID || Betfair internal selection ID |
|SELECTION NAME || The name of the runner |
| WIN _LOSE || 1 1f the runner won {or placed), 0 1f 1t lost (or was unplaced) |
| BSP || Betfair Starting Price |
| PPWAP || Weighted Average Price of all bets placed pre-off |
| MORNINGWAP || Weighted Average Price of all bets placed before 11am GMT |
| PPMAX || Maximum price placed before the off (only bets of a payout of more than GBP100 included) |
| PPMIN || Minimum price placed before the off (only bets of a payout of more than GBP100 included) |
| IPMAX || Maximum price placed in-play (only bets of a pavout of more than GBP100 included) |
| IPMIN || Mintmum price placed in-play {only bets of a payvout of more than GBP100 included) |
| MORNINGTRADEDVOL || Amount traded before 11am GMT |
| PPTRADEDVOL || Amount traded before the off |
| IPTRADEDVOL || Amount traded in-play |

The same information is available for both win and place markets. The same data is
also available for Irish, Australian, and South African horse racing, and greyhound

races. In this study, only the data from British horse racing is used.
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One notable limitation in this study is that in the data there are place odds from only
one place pool for each race, and it can differ between the races. It is possible that the
results of the efficiency tests are not similar for all the different place payout structures.
Therefore, the tests are also done separately for different place payout structures. As
can be seen from Figure 1, most of the races have three payouts for place betting. The
second most common number of payouts is two, and a small minority of the races has

four payouts for place betting.

%10°

Frequency (races)

2 3 4
Place Payouts

Figure 1. The distribution of the number of place payouts in a race

In Table 2 there is a year-by-year comparison of the number of races and average
betting volumes in both win and place markets. Betting volume means the amount of
money that has been bet. The betting volumes in Table 2 represent only the bets
placed before the race, not in-play bets (that are placed during the race). When looking
at the number of races (races_count), it is notable that from the year 2022 there is data
only until November 6. Therefore, the only year that has a clearly divergent number
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of races is 2020. During that year, some of the races were cancelled because of Covid-

19 virus and the lockdowns.

When looking at the betting volumes, there seems to be a clear downtrend during this
time period except for place market during 2020-2021. The numbers are mean values
of total betting volume per one race, so the number of races during the year does not
affect the mean volumes. The reason for decreasing betting volumes can be overall
decreasing popularity of horse racing betting, or that the bettors have started to bet in
other markets than UK horse racing. According to Statista Research Department’s
(2023) statistics, the betting turnover in UK horse racing has been decreasing over the
past decade. The yearly turnover in 2009 was 5,79 billion British pounds and in 2022
it was only 3 billion. In Hong Kong, which has a multiple times bigger horse racing
betting market than UK, the turnover in horse racing betting has not decreased but
instead increased during the past few years. According to Hong Kong Jockey Club’s
(2023) horse racing turnover report, the betting turnover in horse racing has been 141
billion HKD (approximately 13,9 billion GPB) in the season 2022-2023. In the season
2019-2020 the turnover was 122 billion HKD, so there has been a 5 % yearly increase

in the betting turnover for the last three years, on average.

Table 2. Number of races and average betting volumes year by year

year races count mean vol win mean vol place
2016 9965 €.4215e+05 B187S
2017 10147 £.1452e+405 67525
2018 10198 £.2822e+05 E4368
2019 9849 5.1122e+05 48657
2020 7727 4 .8008e+05 426388
2021 10096 4.,1015=+05 45691
2022 B732 3.553=+05 42851

The data contains 58987 races from January 2016 to November 2022.

Another limitation in this research is regarding the betting volumes. All the races that
have a volume below 10 000 GBP in win or place market have been excluded from the
dataset. This limitation has been decided by the author of the thesis and ESBC. The

reason for the limitation is that low liquidity events could distort the results as the odds
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are less likely to represent informed opinion (Smith et al. 2009). Also, low liquidity
events are not interesting earning-wise. Therefore, some boundary was needed to

exclude low liquidity events, and that boundary was decided to be 10 000 GBP.

4.2. Methodology

In this chapter, the applied methodology is presented. The FLB and statistical
efficiency of the betting markets was researched with linear regression for odds
groups. The economic efficiency of the betting markets was researched with Student’s
t-test for betting returns of odds groups. The grouping methods are also presented, as

well as the normalization of subjective probabilities.

4.2.1. Statistical efficiency test with linear regression

The statistical market efficiency is tested with linear regression to see if there is a FLB
or not. This is done by studying the relationship between subjective and objective
probabilities using odds groups. Asch and Quandt (1987) and Woodland and
Woodland (1994) estimated an equation with linear regression for odds groups to test
the efficiency. The same approach is used in this research and the regression equation

is:

Pp=a+ pB*xp+e

where P; is the objective probability of odds group [, p; is the subjective probability of
odds group [, and ¢, is error term. The objective probabilities in this research are the
average winning or placing probabilities of odds groups. The determination of
(normalized) subjective probabilities is described in chapter 4.2.4. The efficient market
hypothesis asserts that p; is an unbiased estimator of P,;. If the null hypothesis that a =
0 and B =1 holds, the efficient market hypothesis holds. The heteroscedasticity of the
regression model is tested using the White test (White 1980). In case of
heteroscedasticity, the test is ran again using White’s corrected coefficient standard

error estimates.
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The odds are sorted by the subjective winning (and placing) probability and grouped
in five hundred groups of equal size. By sorting the odds, one can arrange the nearby
odds to the same groups. Most of the groups contain 1197 observations but some
groups have 1198 observations, because the total amount of observations is not
dividable by five hundred. There are also other ways to form groups of horses, but

those are described later in chapter 4.2.3.

The statistical efficiency test with linear regression partially answers the first and the
second research questions. If the null hypothesis a« = 0 and f = 1 is rejected with g
being significantly greater than one, then there is a FLB because it means that when
subjective probability increases, objective probability increases more. If the null
hypothesis is rejected with g being significantly less than one, then it means that there
is no FLB, but instead a reverse FLB. For the second research question, if the null
hypothesis of this test is not rejected, which means that g is not significantly different
from one, then there is no statistical inefficiency nor the FLB. If the null hypothesis is
rejected, then there is statistical inefficiency.

4.2.2. Economic efficiency test with Student’s t-test

Economic efficiency is tested with t-tests (see e.g., Snyder (1978), Paton and Williams
(2005)). The net returns are calculated for the bets. The bets are then grouped in
different groups and the t-test will be performed for those groups to see if the average
returns for odds groups have been significantly negative, zero, or significantly positive
for the groups. The null hypothesis of economic efficiency test is, that the returns are
either negative, or not significantly different from zero. A one-sided t-test would be the
simplest one to test for this null hypothesis because with the one-sided test one could
test if the returns are significantly positive or not. However, in this research the
negativity of the returns is of interest too, because the cross-market betting strategy is
chosen based on the results of these t-tests. That is why a two-sided t-test is
implemented. In addition to the one-sided test, it tells if the returns are significantly
negative, or not significantly different from zero. The t-statistic is calculated from the

following equation:
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where t is test statistic, x is the mean return of a group, s is the standard deviation of

the returns for that group and n is the sample size.

By interpreting the t-tests, all three research questions can be answered at least
partially. If some tested odds groups have a positive t-statistic with a statistically
significant p-value, that leads to rejecting the null hypothesis. The null hypothesis of
the test is that the returns are either negative or zero, meaning that there is no
economic inefficiency in the market. That will answer the second research question. If
there are economic inefficiencies amongst the groups that contain the favorite horses,
then that would imply that there could be a FLB of some degree. That would give a
partial answer to the first research question. Also, the t-tests are applied to the betting
strategies that are tested for the third research question. If there are positive t-statistics
with statistically significant p-values for any strategies, then the null hypothesis of

returns being less or equal to zero would be rejected.

As can be seen from the equation, if the mean return for an odds group is positive,
then the t-statistic is positive. And if the mean return is negative, then the t-statistic will
also be negative. Statistically significantly negative returns will not cause the rejection
of null hypothesis when testing for economic market efficiency. The test is conducted
as a two-sided t-test only because the information about significantly negative returns
is useful when choosing the cross-market betting strategies that are also tested in this

thesis.

4.2.3. Grouping the odds to odds groups

The odds must be grouped for the efficiency tests because one wants to find out at

which levels of odds there are inefficiencies and at which there are not. It is also simpler
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to form betting strategies when the odds have been grouped somehow and it is known
in which groups there are inefficiencies that could be exploited in the betting strategy.
The grouping of the betting odds could be done by setting the intervals so that every
group has similar amount of betting odds in it. Another option would be to set the
intervals so that each probability interval is of similar size. This means that the groups
would be formed for example by dividing the data into groups where the intervals are
defined by every tenth percentile in horses’ winning probability, as has been done in
this research. Ali (1977) used horses’ “favorite position” in grouping, because
classifying the horses by odds levels can lead to a situation, where a group has multiple
horses from the same race. Favorite position means that horses are ranked and
classified by their odds compared to other horses in the same race, i.e., the horse with
the lowest odds (highest subjective probability) as first favorite, the horse with the

second lowest odds as second favorite, and so on.

When forming the groups, one decision that must be made is whether the groups are
formed based on the horses’ win odds or place odds and does one use the same
groups for both of those markets or form separate groups for win market tests and
separate for place market tests. In this research it was decided that for the statistical
efficiency tests the horses are grouped based on their winning probabilities for the win
market test and based on their placing probabilities for the place market test. It is logical
to group the horses that way because the tests are done separately for both the

markets.

For economic efficiency tests, it was decided that the horses are grouped based on
their winning probabilities only. The reason for that is that one needs to test the same
groups for both markets as the purpose is to decide and research the cross-market
betting strategies as well. When betting for and against the same horse in those
markets, the groups must be identical so that the same horses certainly belong into

the same groups.

4.2.4. Normalization of subjective probabilities

When talking about subjective probabilities in this research, that means probability

estimates derived from the offered betting odds. Basically, to convert betting odds to a
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probability estimate, one must calculate the reciprocal of the betting odds. But because
there can be different return percentages in different races, one needs to normalize
the betting odds before calculating the reciprocal, so that the sum of the probabilities
is one. The subjective probabilities can be normalized by basic normalization that has

been used by Strumbelj (2014). First the booksum must be calculated to normalize the

n
i=1

where m; is the inverse odds for i:th horse of the race, i =1 ... n and B is the booksum.

probabilities:

After that, the normalized probabilities can be calculated with the following equation:

T

pi = EJ

where p; is the normalized subjective probability for the i:th horse.

4.2.5. Selecting the cross-market betting strategies

Selecting the betting strategies to be tested is basically an arbitrary decision because
there are no fundamental rules in choosing the strategy, and there are almost infinite
number of different possible strategies. In this research the studied betting strategies
are so-called cross-market strategies in which one bets for the horse in one market
(win or place), and against the same horse in the other market. Ideally, the cross-
market strategy would be profitable both ways, in backing (betting for) and laying
(betting against). For example, if one can back the horse in place market and lay the
horse in win market and both bets were significantly profitable on average, then that
would be a very good cross-market betting strategy. As the results of economic
efficiency tests show that there are no such groups that would be clearly profitable both
ways, some different conditions are needed in deciding the strategies. The next most
interesting strategies to be tested would be the ones where the other one of the bets
is significantly profitable on average and the other one is not significantly non-profitable
on average. As there are some groups that fulfil this condition, those groups are chosen
for the cross-market betting strategy tests.
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5. Results

In this chapter the results of the different tests are introduced. First the results of the
linear regression tests for statistical efficiency are covered, and after that the results of
the economic efficiency test with t-tests in win and place markets for both back and lay
bets. Finally, the results of the t-tests of betting strategies that use multiple markets

are presented.

5.1. Statistical efficiency test with linear regression

The statistical efficiency of win and place markets was studied with linear regression
for 500 groups. The dependent variable was the average objective probability for each
group, and independent variable was the average subjective probability of each group.
The regression equation was presented in chapter 4.2.1. The estimated regression for

win market is:

P, = —0.0000063001 + 1.0011 * p

and R-squared = 0.995. The test results for the null hypothesisthata =0 and g =1
are presented in Tables 3 and 4. Because there is heteroscedasticity, the test is done
twice. Table 4 presents the results of the test that uses White’s corrected coefficient

standard error estimates.

Table 3. Test results of statistical efficiency test for win market

a B
Coefficients -0.0000063001 1.0011
t-statistic 0.1204 0.3255
p-value 0.9042 0.7450




Table 4. Test results of statistical efficiency test for win market using White’s

corrected coefficient standard error estimates
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a B
Coefficients -0.0000063001 1.0011
t-statistic 0.1480 0.2536
p-value 0.8824 0.7999

Objective probability
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Figure 2. Linear regression efficiency test for win market

The results show that g is slightly greater than one, which would mean that when the

subjective win probability of the horse increases, the objective probability increases

more. However, the g is not significantly greater than one as can be seen from the p-
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values in both Tables 3 and 4. There does not seem to be strong difference between
favorites and longshots in Figure 2 either. The results mean that the null hypothesis of

statistical efficiency is not rejected.

The same test was done also for place market. The estimated regression of the

statistical efficiency test for place market was:

P, = —0.0025083 + 1.0088 * p,
and R-squared = 0.996. The results for the null hypothesis that « =0 and g = 1 are
presented in Tables 5 and 6. The test is done twice also for the place market, and

Table 6 presents the results of the test that uses White’s corrected coefficient standard

error estimates.

Table 5. Test results of statistical efficiency test for place market

a B
Coefficients -0.0025083 1.0088
t-statistic -2.5109 3.2426
p-value 0.0124 0.0013

Table 6. Test results of statistical efficiency test for place market using

White’s corrected coefficient standard error estimates

a B
Coefficients -0.0025083 1.0088
t-statistic -3.2883 3.9280
p-value 0.0011 0.000098
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Figure 3. Linear regression efficiency test for place market

Tables 5 and 6 show that g is greater than one for place market as well. When looking
at the t-statistic and p-value for the coefficient 3, it can be seen that it is significantly
different from one at 0.01 significance level. Also the
a is different from zero at 0.01 significance level. From Figure 3 one can see that when
the probability rises, the objective probability seems to arise slightly more compared to
subjective probability. Because £ is significantly greater than one, the null hypothesis
is rejected for place market, which means that there is a statistical inefficiency and a

FLB in place market.

5.2. Economic efficiency in win market

T-tests were done for different types of groupings to win market betting returns. First,
the horses were grouped in 10 different groups according to their winning probabilities
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so that the groups would have equal probability intervals. The results of the t-tests can

be seen in Table 7.

Table 7. T-tests for “back win” betting returns, equal probability interval groups

group_id min _prob max prob tstat group count p_value
1 0.00081741 0.1 -3.8939 3.5691e405 4,8332e-05
2 0.1 0.2 -3.8897 1.4303e405 5.0208e-05
3 0.2 0.3 -1.12%94 S5T267 0.1293¢6
4 0.3 0.4 -1.0903 22786 0.1377%9
5 0.4 0.5 -3.1308 Q949749 0.00087412
& 0.50001 0.59989 -0.87132 45899 0.19181
7 0.60004 0.6998% -0.51334 2141 0.30388
i 0.70003 0.79987 -0.035922 1082 0.483568
9 0.80039 0.89882 -0.31265 401 0.37736
10 0.90069 0.96904 -1.7881 67 0.039175

In the table, there are six columns. The first column represents the id of the group just
to make sure that they are easily identifiable and in the proper order. The second
column shows the minimum winning probability of a horse in that group. The third
column shows the maximum winning probability of a horse in that group. Those are
not the probability intervals of the group but represent the calculated subjective winning
probabilities for the observations in the groups and show the minimum and maximum
observations in each group. The probability intervals are every tenth percentage point,
as can be figured out of the minimum and maximum winning probabilities. The fourth
column in the table is tstat, that represents the t-statistic for the t-test of that group. The
fifth column, group_count, represents the count of the observations in that group. The

final column, p_value, is the p-value from the t-test for each group.

It can be quickly noticed that the t-statistic is negative for all the groups, which means
that the average betting returns of every group are negative. Groups 1,2 and 5 have
the most negative t-statistic and a low p-value implying that systematically betting
horses in those categories to win leads to negative returns. Also group 10 seems to
have clearly negative t statistic but the sample size is very small so the result would

not be statistically significant at 0.01 signifigance level. All the other groups have higher
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p-values, so the returns are not significantly negative for those groups. The results do
not seem to give a clear answer whether there is a favorite longshot bias in the win

market or not, because the higher probability horses have negative t-statistics as well.

In the next grouping, the horses were put in ten groups that have an equal number of

observations in them. The results of these tests can be seen in Table 8.

Table 8. T-tests for “back win” betting returns, equal sized groups

group id min prob max prob tstat group count P value
1 0.00091741 0.009%9062 -3.0593 589857 0.00110%&
2 0.0099067 0.024087 -1.924 59857 0.027178
3 0.0240867 0.038%4 -0.598783 59856 0.16162
4 0.038%64 0.05612& -0.44188 EOgET 0.32020
5 0.056127 0.076203 -0.1508%9 59857 0.44003
& 0.076203 0.10088 -1.56%& 59857 0.058259
7 0.10088 0.13201 -2.4028 59857 0.0081364
8 0.13201 0.17835 -2.7827 59856 0.0026%961
o 0.17835 0.25724 -1.4247 SOgsT 0.076405
10 0.25724 0.96904 -2.8617 59857 0.002107%

The results are similar to Table 7 in the way that t-statistic for every group is again
negative. We can see that in groups 6-10 the t statistics are negative, and in groups
7,8 and 10 betting returns are negative on a 0.01 significance level. In groups 6 and 9
the returns are negative on 0.1 significance level. These groups contain all the horses
that have a winning probability of 7.62 % or higher. Therefore, the results give quite
strong evidence that there would not be a FLB in the win betting market on Betfair. It
can be seen from the table that groups 3-5 have high p-values which is an interesting
observation, but the mean returns for those groups have been negative as well,
because they have negative t-statistics. Groups 1 and 2 that contain horses with a
winning probability of less than 2.4 % also have significantly negative returns, so there
is no evidence of reverse FLB either.

Thirdly, the horses were grouped by their favorite position. The results of this test
grouping can be found in Appendix 1. The results differed from the first two groupings,
because in the third grouping, some groups got positive t-statistics. The p-values in

those groups were high, so the results did not give much new information to the
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previous two groupings. Betting systematically on the favorite in every race gave
negative returns but the p-value was 0.10. Betting the second or third favorite on every
race has given negative returns on 0.01 significance level. It is also notable that some
groups do not get a valid t-statistic but value ‘-Inf’ instead. That is because there are
no winning bets in those groups. Testing those groups is not very reasonable because
of that, but luckily those groups are not in crucial role regarding this thesis objectives

because the groups only contain some extreme longshots.

5.3. Economic efficiency in place market

Place markets betting returns were tested using the same grouping and same t-test as
for the win market returns. In Table 9 the results for t-tests of equal interval grouping

are presented.

Table 9.T-tests for “back place” betting returns, equal probability interval groups

group id min prob max prob tstat group count p_value
1 0.00091741 0.1 -6.4418 3.56891le+05 5.9103e-11
2 0.1 0.2 -4.,944 1.4303e+05 3.831%e-07
3 0.2 0.3 -2.8448 57267 0.0022225
4 0.3 0.4 1.3773 22786 0.084216
5 0.4 0.5 -0.5741% Ga7o 0.28293
& 0.50001 0.559599% -0.25665 45949 0.38337
7 0.60004 0.69959% 1.7818 2141 0.037463
g 0.70003 0.79957 1.1742 1082 0.12028
9 0.80038 0.85882 2.6358 401 0.0043607
10 0.900&8% 0.96904 -0.25558 a7 0.395954

As can be seen from Table 9, the returns of groups 1 and 2 seem to have a negative
expected value almost certainly because the t-statistics point to negative returns and
the p-values are close to zero. However, groups 4,7,8 and 9 have positive t-statistics.
Group 4 would have positive returns on 0.1 significance level, group 7 on 0.05
significance level and group 9 on 0.01 significance level. Group 10 that contains the
most extreme favorites, has a slightly negative t-statistic and a p-value of 0.4. The
group only has 67 observations in it, so it is difficult to get relevant results from such a

small sample size. The groups 7,8,9 and 10 all consist of only horses that can be
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considered as favorites, because their winning probability is at least 60 % and there

cannot be more than one horse in a race with that high of a winning probability.

Table 10. T-tests for “back place” betting returns, equal sized groups

group_id min_prob max prob tstat group_count P_value
1 0.00091741 0.009%9062 -4.4733 59857 3.8582e-06
2 0.0099067 0.024087 -4,3714 S9857 6.184e-06
3 0.024087 0.038964 -1.9699 59856 0.024427
4 0.038%64 0.056126 -0.84866 59857 0.19804
5 0.056127 0.076203 -1.261%9 S9857 0.1035
& 0.076203 0.10088 -0.68847 59857 0.24558
T 0.10088 0.13201 -2.083 58857 0.,018557
g 0.13201 0.17835 -4,1576 59856 1.6103e-05
4 0.17835 0.25724 -4.3148 59857 8.0014e-06
10 0.25724 0.96904 0.5461 59857 0.2925

In Table 10 are the results of t-tests for equal sized groups for place markets. Again,
most of the groups’ returns are significantly negative. Group 10 is the only group with
a positive t-statistic, but it is only marginally positive, and the p-value is rather high,
0.29. The null hypothesis of economic efficiency is not rejected for any of these groups.
Because group 10 is the group that contains the strongest favorite horses, these results
imply that there could be a FLB in place market. But if these were the only results to

be used, it would be hard to draw any unambiguous conclusions.

The third grouping that was done was to group the horses according to their favorite
order, the same way that was done in the similar test with win market bets. Group 1
had a t-statistic -1.76 and p-value 0.04, which speaks against the FLB. Otherwise,
there is not much worth mentioning in the results. Some groups have positive t-

statistics but not statistically significantly positive.
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5.4. Economic efficiency in lay bets

Similar t-tests were also done for lay bets, in which one bets that the selected horse
does not win (or place) in the race. The groupings are done in the same way as with
the earlier tests for win and place back bets. Therefore, the displayed maximum and
minimum winning probabilities so the probability of the “lay win” bet to win would be
the opposite to that. Table 11 presents the t-test results of “lay win” bets grouped by

equal probability intervals.

Table 11.T-tests for “lay win” betting returns, equal probability interval groups

group_id min prob max prob tstat group count p_valne
1 0.00091741 0.1 -2.8564 3.5691e+405 0.0021424
2 0.1 0.2 -1.4%98%9 1.4303e+05 0.066945
3 0.2 0.3 -2.9355 57267 0.0016655
4 0.3 0.4 -1.88 22786 0.030063
S 0.4 0.5 1.489 9979 0.068264
& 0.50001 0.588489 -0.4848 4859 0.31352
7 0,60004 0,659999 -0.465593 2141 0.32066
8 0.70003 0.799497 -0.5644%9 1082 0.28627
9 0.80039 0.85882 -0.17615 401 0.43013
10 0.90069 0.96904 1.67592 67 0.048921

Two groups have given positive returns in lay win bets. Laying the horses in group 10
lead to positive returns on 0.05 significance level meaning that the null hypothesis of
economic efficiency is rejected for that group. Also group 5 has a positive t-statistic
that is significant at the 0.1 level. The other groups that contain strong favorites have
slightly negative t-statistics and high p-values, whereas the groups 1-4 are more clearly
giving negative returns when laying. This is an interesting observation because it would
imply that betting against the favorites seems to give better returns than betting against
the underdogs. However, when looking at Table 12 that presents the test results for
“‘lay win” using equally sized groups, it seems that the favorites do not necessarily have

that good of a value when laying, at least not at all odds levels.
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Table 12.T-tests for “lay win” betting returns, equal sized groups

group id min_prob max prob tstat group count p_value
1 0.00091741 0.008%9062 0.4352 59857 0.33171
2 0.0099067 0.024087 0.067814 549857 0.47287
3 0.024087 0.038%¢64 —-0.Ta8z29 553856 0.21206
4 0.038%64 0.056126 -1.8037 59857 0.035642
5 0.056127 0.076203 -2.36867 59857 0.0089744
& 0.076203 0.10088 -1.22%9¢ 59857 0.10542
7 0.10088 0.13201 -0.85%921e 59857 0.18615
8 0.13201 0.17835 -0.8745%8 553856 0.1%80%
9 0.17835 0.25724 -2.7577 59857 0.0029117
10 0.25724 0.596504 —-0.959441 59857 0.1e001

Additionally, the final grouping with the favorite order showed that laying the favorites
systematically in the win market will very likely lead to negative returns. There were
also some very positive t statistics in the last groups in the favorite order with p values
close to zero but with a sample size of 50 horses or less. The reason for that was that
there were no losing lay bets in that group, so the results are not very reliable. Only

one losing bet in the group would change the results drastically.

In the place market, there seems to be no statistically significant profitable groups in
grouping with equal intervals, which is presented in Table 13. Groups 6 and 10 have
positive t-statistics but the p-values are around 0.4 for both groups so the null
hypothesis of economic efficiency is not rejected. The other groups have negative t-
statistics, most of them statistically significant at least at 0.05 level.

Table 13. T-tests for "lay place" betting returns, equal interval groups

group_id min_ prob max prob tstat group count p_value
1 0.00091741 0.1 -4.61 3.56591e=+05 2.0138e-06
2 0.1 0.2 -1.3121 1.4303e+05 0.094742
3 0.2 0.3 -1.819% 57267 0.034392
4 0.3 0.4 -3.985:2 22786 3.3821e-05
s 0.4 0.5 -0.82244 9979 0.20542
G 0.50001 0.59595949 0.258759 45399 0.3978
7 0.e0004 0.6959949 -2.1325% 2141 0.01e538
Fid 0.70003 0.79987 -1.2724 log2 0.10174
9 0.80039 0.89882 -3.71 401 0.00011828
10 0.90069 0.96504 0.23137 a7 0.40887
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The next grouping with lay place bets provides some more interesting results. When
grouping the bets into equal sized groups, groups 1 and 2 have positive t-statistics,
both at 0.05 significance level. These groups have horses with a winning probability of
less than 2.4 %. This means that it has been profitable to bet against the extreme
underdogs in the place market because the returns for those have been positive as the
t-statistics of the test prove. On the other hand, group 10 has a very negative t-statistic
that is significant at 0.01 level. These results imply that there would be an FLB in place
market. The results of t-tests for place lay bets with the equal size groups are presented
in Table 14.

Table 14. T-tests for "lay place" betting returns, equal sized groups

group_id min_ prob max prob tstat group count Pp_value
1 0.00091741 0.0099062 1.9986 59857 0.022831
2 0.0099067 0.024067 2.144 59857 0.01601%
3 0.024087 0.038564 -1.1044 59856 0.13471
4 0.038564 0.056126 -3.4421 59857 0.0002888
5 0.056127 0.076203 -3.11086 59857 0.00093394
& 0.076203 0.10088 -3.8668 59857 5.5184e-05
7 0.10088 0.13201 -2.2967 59857 0.010821
g 0.13201 0.17835 0.026763 59856 0.48932
] 0.17835 0.25724 -0.31562 59857 0.37615
10 0.25724 0.96504 -4, T225 59857 1.16Tae-0&

The lay place bets in favorite order groups did not provide many interesting
observations. However, group 15 had a positive t-statistic with sample size of 1920
bets and the result was significant at 0.05 level. There were also positive t-statistics in

latter groups for the same reason as with the win lay bets favorite order groups.

5.5. Overview of the results and choosing the cross-market
betting strategy

According to the previous tests, the most potential groups to be selected for the cross-
market betting strategy would be groups 7 and 9 of the equal intervals grouping. Those

groups were highly likely to be systematically profitable to bet in place betting. Also,
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the same groups had t-values close to 0 when laying them in the win market, so the
groups seem like the best option for the cross-market betting strategy by betting for
them in place market and against them in win market. However, some more analysis

of the groups is needed to be sure that they are appropriate and consistent.

As presented in chapter 4, the races can have differences in how many places are paid
out for when betting in the place market. Some races have two payouts, most of the
races have three and a small number of races have four payouts. It is possible that the
number of places affects the returns, and that the groups 7 and 9 are not profitable
with all the different payout structures. It is good to do similar t-tests than earlier but for
the different number of place payouts separately to be sure that the groups are
consistent despite the number of payouts.

Table 15. T-test for “back place”, equal interval groups, two places paid

group_id min prob max prob tstat group count p_valune
1 0.00096781 0.1 -3.557 35281 0.00018777
2 0.1 0.2 -1.8287 25318 0.033726
3 0.2 0.3 -1.38937 1855k 0.081706
4 0.3 0.35999%9 1.0231 9736 0.15315
5 0.4 0.5 -0.34586 4333 0.36473
& 0.50007 0.559998 -0.10221 2544 0.4553
7 0.60004 0.69996 2.0001 1199 0.022855
g 0.7001e 0.79997 -0.071267 645 0.471&
9 0.80039 0.85882 2.8229 306 0.0025357
10 0.590069 0.596%904 0.25259 6l 0.40072

Table 15 presents the results of a t-test applied to the races that have two places paid.
Groups 7 and 9 seem to be statistically significantly profitable, group 7 at 0.05
significance level and group 9 at 0.01 level.
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Table 16. T-test for “back place”, equal interval groups, three places paid

group_id min_prob max_prob tstat group_count p_value
1 0.00091741 0.1 -5.503 2.58423e+05 1.8681e—-08
2 0.1 0.2 -4,5785 1.0742e405 2.3438e-06
3 0.2 0.25848% -2.5404 37854 0.0055379
4 0.3 0.4 0.85534 12887 0.1550%
5 0.40001 0.4555%9 -0.3426 511z 0.3655%9¢6
G 0.50001 0.555858% -0.27297 2345 0.39245
7 0.6002 0.65548% 0.28566 940 0.3876
8 0.70003 0.79576 2.45897 433 0.0064006
9 0.80085 0.89574 0.45431 95 0.32533
10 0.90423 0.928%54 -0.75853 G 0.23125

Table 16 has the results of a similar test but for the races that have three places paid.
The results differ from the previous results, because for these races group 8 is
statistically significantly profitable, but groups 7 and 9 are not. The third test for the
races that had four places paid did not provide any relevant additional information,
because those races only contained two horses from group 7 and no horses from group
9. Results of the test can be found in Appendix 3. After this investigation it seems that
place betting is significantly profitable for groups 7 and 9 when there are two places
paid, but not significantly profitable when there are three places paid. Therefore, the
tests for cross market betting strategies are done separately for all place markets, and

for only the “two places paid” ones.

As stated earlier in this chapter, the results seem to suggest that the FLB is present in
the place market. One contrary observation to that is that the group number 10 in equal
interval groups has a negative t-value in back place bets, although the result was not
statistically significant. Group 10 contains the most extreme favorites, so it is interesting

why it has not provided positive returns while the groups 7 and 9 have.
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Figure 4. Cumulative sum of returns for "back place" bets for group 10

Figure 4 is a plot of cumulative returns of place bets for group 10 in chronological order.
As one can see from the plot, there are only three losing bets that decrease the total
profit to negative. The number of bets is so low that there is nothing unusual in having
a losing period with such a small sample size, even though the bets would be good.
However, there is no evidence of the bets for group 10 being profitable, so the group
is excluded from the chosen betting strategy.

One more thing that needs to be investigated about groups 7 and 9 is whether their
profitability has been (somewhat) continuous over time, or has the inefficiency already
vanished from the market. For that investigation, the cumulative returns of betting for

the groups 7 and 9 in place market have been plotted in chronological order.
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Figure 5. Cumulative sum of returns for "back place" bets for groups 7 and 9

From Figure 5 it can be seen that the profitability of the bets has indeed been
somewhat continuous during the entire time period. There have naturally been some
drawdowns, but those have only lasted a maximum of a few hundred bets. So far, the
profits from good periods have exceeded the losses from the drawdowns, and the
betting capital would be near all-time high if one would have systematically bet these
horses in place betting. The cumulative sum of returns for the same strategy but for
only the races in which two places are paid is presented in Appendix 4. The plot looks
very similar to Figure 4 and the strategy has returned to a few units smaller profit than

betting place for all the horses in groups 7 and 9 over approximately 1500 bets.

After these investigations it seems to be justifiable to select groups 7 and 9 of equal
interval grouping as the groups to be tested in the cross-market betting strategy. There
could also be other groups that would possibly have some interesting results if tested,
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but the selected groups are most likely the ones that are most suitable for cross-market
betting strategy. The reason for that is that betting for those groups is significantly
profitable in place market and betting against the same groups in win market is not
significantly non-profitable. This was the criterion that was stated in the methodology

chapter.

5.6. Testing the cross-market betting strategy

The purpose of this cross-market strategy is to bet for the horses in selected groups in
place market, and against the same horses in win market. The strategy is tested to see
if the cross-market betting strategy provides more profits or is otherwise beneficial

compared to a strategy in which one only bets for the horses in place market.

Table 17. T-tests for “back place and lay win” betting returns, equal interval groups

group_id min prob max prob tstat group count p_value
7 0.60004 0.6999%9 0.0046252 2141 0.45%981¢6
9 0.8003%9 0.85882 0.050401 401 0.479491

Table 18. T-tests for “back place and lay win” betting returns, equal interval groups,

two places paid

group id min_prob max prob tstat group count p_valune

T 0.e0004 0.69556 0.30646 1135 0.37%66
) 0.8003% 0.89882 0.49223 306 0.31145
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Table 17 has the results of “back place and lay win” cross-market betting strategy for
groups 7 and 9. Table 18 has results for the same strategy but only for bets where two
places are paid. As can be seen from the tables, the t-statistics for each group are
close to zero and p-values are also very high compared to the “back place” strategy.
There is no statistical significance that the returns of these strategies are different from
zero. To illustrate the results more at aggregate level, the cumulative returns of the

strategy are plotted in chronological order in Figure 6.
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Figure 6. Cumulative sum of returns for "back place and lay win" strategy for groups

7 and 9

From Figure 6 it seems that the returns are more volatile than with the “back place”
strategy. The reason for this is that when laying the extreme favorites in win market,
the lay bets hit quite rarely but when they hit, the profit is large. The cross-market
strategy has performed better than the “back place” strategy for the first 1000 bets

approximately, but poorly after that resulting the strategy to only a small profit after
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approximately 2500 bets. The cumulative returns of “back place and lay win” strategy

for the races in which two places are paid is presented in Figure 7.
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Figure 7. Cumulative sum of returns for "back place and lay win" strategy for groups

7 and 9, two places paid

In the strategy presented in Figure 7 the returns seem more volatile than in the “back
place” strategy for the same horses that was presented in Appendix 4, but the total
returns for the strategies are approximately the same. From Figures 5 and 6 it seems
that the cross-market strategy is worse than the “back place” strategy when applied to
all races regardless of place payouts. When applied only to the races with two places
paid, the strategy performed as well as the “back place” strategy. Also, the cross-
market strategy seems to be more volatile than the “back place” strategy, so there is

no benefit from that either. However, because it is known that the volatility is caused
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by the lay bets, this strategy could be investigated more with a different staking method
to make the volatility of the lay bets smaller. In the unit-win staking method one
chooses the stake so that one wins exactly one unit if the bet wins, as explained in
chapter 2.4. This reduces the volatility caused by the lay bets with low winning
probabilities, because now instead of betting one unit for every bet one is trying to win
one unit. Unit-win staking also increases the weight of the back bets for place market
in this strategy, because those have higher winning probabilities (one must bet the

more to win one unit the smaller the odds are).

Table 19. T-tests for “back place and lay win” betting returns, equal interval groups,

unit-win staking

group_id min prob max prob tstat group_count p_valune
7 0.60004 0.699949 0.81503 2141 0.20757
o 0.8003% 0.89882 1.527% 401 0.083663

Table 20. T-tests for “back place and lay win” betting returns, equal interval groups,

unit-win staking, two places paid

group_id min prob max prob tstat group_count p_valune
7 0.60004 0.69998 1.4022 11243 0.080558
9 0.8003%9 0.859882 2.1249 306 0.017198

From the t-test’s results for the strategy with unit-win staking that are portrayed in Table
19, one can see that the results differ a little bit from the strategy with unit-staking.
Group 9 seems to have positive t-statistic that is significant on 0.1 significance level
which means rejecting the null hypothesis at that level. Returns of group 7 are not
significantly different from zero, so the null hypothesis is not rejected for that group.
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When applying the test to the races with two places paid, one can see that the null

hypothesis is rejected for group 7 at 0.1 significance level and for group 9 at 0.05 level.

Figure 8 presents an aggregate overview of the betting strategy “back place and lay
win” with unit-win staking for groups 7 and 9. The strategy has been profitable over the
researched time period, but it has returned less than 30 units of profit, which is less
than the “back place” strategy that was presented in Figure 5. In Figure 9 are the
returns for the same strategy but only with races in which two places are paid in place
betting. The strategy has performed as well as the “back place” strategy for the same

horses, returning approximately 35 units net win.
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Figure 8. Cumulative sum of returns for "back place and lay win" strategy for groups

7 and 9 using unit-win staking
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6. Conclusion

In this research it has been studied whether there is a favorite-longshot bias in English
horse racing and if there are statistical or economic inefficiencies regarding to the FLB.
Also, cross-market betting strategies were tested to see if there are cross-market
inefficiencies that could be exploited by betting for the horse in one market and against
the same horse in another market. While most of the previous studies use the odds
data from bookmakers or pari-mutuel betting pools, this study used the Betfair Starting
Price data from Betfair betting exchange. Statistical market efficiency was tested with
linear regression for odds groups and economic efficiency and the cross-market betting
strategies were tested with t-tests.

According to the statistical efficiency tests, there was a statistical inefficiency in the
place market but not in the win market. The B coefficient in place market test was
significantly greater than one, which means that on average, the higher the subjective
probability is, the higher the objective probability is in relation to the subjective
probability. According to this discovery, there is a FLB in place market. The statistical
test for win market shows that the market is efficient in the weak form and that there is
no FLB in win market. These results are in line with the findings of Thaler and Ziemba

(1988) who found that the FLB is stronger in place market than in win market.

The economic efficiency tests show that there are some economic inefficiencies,
especially in the place market where betting systematically for groups 7 and 9 in equal
interval grouping was found to be significantly profitable. Group 7 contained the horses
with a subjective winning probability of 60 % - 70 % and group 9 contained the horses
with a subjective winning probability of 80 % - 90 %. Also, betting against the horses
in groups 1 and 2 of equal sized groups, that contained the horses with a subjective
winning probability of 0 % - 2.4 %, was significantly profitable in place betting. These
results also imply that there is a FLB in place market because betting for the favorites
in groups 7 and 9 has been profitable, and betting against the longshots in groups 1
and 2 has been profitable. In win market, there were found only two statistically
significant economic inefficiencies. Those were laying the groups 5 and 10 in equal

probability interval groups. The economic efficiency test results were in line with the
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statistical efficiency test results but not in line with previous academic research, in
which most studies have not found economic inefficiencies regarding the FLB. The
reason for this can be that the previous literature often uses betting odds of
bookmakers or pari-mutuel betting pools, in which the payout rates are typically lower
than in betting exchanges (e.g., Griffith 1949, Ali 1977, Thaler and Ziemba 1988,
Benter 1994, Busche and Hall 1988, Franke 2020, Koivuranta and Korhonen 2021).

Groups 7 and 9 of equal probability interval grouping were selected for the cross-
market betting strategy, in which the horses in these groups are backed (bet for) in
place market and laid (bet against) in win market. It was tested separately for all the
races and only for the races with two places paid in place betting, because the groups
were only significantly profitable in the latter ones. It was found that one can exploit
cross-market inefficiency profitably with these cross-market strategies, but the returns

were not greater than by only betting the same horses in place market.

All'in all, the results give answers to the three research questions. It was found that
there is a favorite-longshot bias in place market but not in win market. According to the
results, the place market was statistically inefficient and win market was statistically
efficient. There were economic inefficiencies in both markets, but only in the place
market those were related to the FLB. There were cross-market inefficiencies that
could be exploited with strategies in which one bets for the horse in one market and
against the same horse in another market. The discovered economic inefficiencies
mean that it has been profitable to bet with those strategies during the time period that
was chosen for this research. These strategies can be profitable in the future as well,
but past performance is no guarantee of future results. However, when the cumulative
sums of returns of the most profitable betting strategies, “back place” and “back place
lay win with unit-win stakes” for groups 7 and 9, were plotted in chronological order in
Figures 5, 8 and 9, it seems that the inefficiencies have not vanished at least during
the researched time period.

The thesis also provided some ideas on further research on the subject. One could
add other markets to the research in addition to Betfairs win and place markets
because there are dozens of other platforms that one can use to bet in horse races. It

could also be researched if the lower liquidity markets are less efficient than higher
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liquidity markets. As noticed in the data chapter, the win markets had much more
betting volume on average than place markets, so it would be interesting if that was
the reason why the place market was found to be less efficient than win market in this
research. Different staking methods could also be studied, especially in cross-market
betting strategies, and how do those staking methods affect the growth of capital.
Similar research could also be done by using odds from different points of time instead
of using only Betfair Starting Price odds. Betfair has odds data for sale, and one could
do the same tests with odds from, for example, 10 minutes or 1 hour before the race

and compare if those are more or less efficient than the BSP odds.



53

REFERENCES

Ali, M. M. (1977) Probability and Utility Estimates for Racetrack Bettors. The Journal
of political economy. [Online] 85 (4), 803—-815.

Abinzano, I., Muga, L., Santamaria, R. (2019) Hidden Power of Trading Activity: The
FLB in Tennis Betting Exchanges. Journal of sports economics. [Online] 20 (2), 261—
285.

Asch, P., Malkiel, B.G., Quandt, R.E., (1982). Racetrack betting and informed
behavior. Journal of Financial Economics 10, 187-194.

Asch, P. & Quandt, R. E. (1987) Efficiency and Profitability in Exotic Bets. Economica
(London). [Online] 54 (215), 289-298.

Barge-Gil, A. & Garcia-Hiernaux, A. (2020) Staking in Sports Betting Under Unknown
Probabilities: Practical Guide for Profitable Bettors. Journal of sports economics.
[Online] 21 (6), 593-609.

Benter, William (1994). "Computer-Based Horse Race Handicapping and Wagering
Systems: A Report." Efficiency of racetrack betting markets, 169-84.

Betfair [online]. Available from the internet:
https://support.betfair.com/app/answers/detail/a id/6156/

Brown, A. (2012) Evidence of in-play insider trading on a UK betting exchange.
Applied economics. [Online] 44 (9), 1169-1175.

Brown, A. & Yang, F. (2017) Have Betting Exchanges Corrupted Horse Racing?
Journal of sports economics. [Online] 18 (7), 673—-697.

Busche, K. & Hall, C. D. (1988) An Exception to the Risk Preference Anomaly. The
Journal of business (Chicago, IlI.). [Online] 61 (3), 337-346.

Fama, E. F. (1970) Efficient Capital Markets: A Review of Theory and Empirical
Work. The Journal of finance (New York). [Online] 25 (2), 383-.

Franck, E. et al. (2013) Inter-market Arbitrage in Betting. Economica (London).
[Online] 80 (318), 300-325.

Franke, M. (2020) Do market participants misprice lottery-type assets? Evidence
from the European soccer betting market. The Quarterly review of economics and
finance. [Online] 751-18.

Friedman, M. & Savage, L. J. (1948) The Utility Analysis of Choices Involving
Risk. The Journal of political economy. [Online] 56 (4), 279-304.

Griffith, R.M. (1949) Odds Adjustments by American Horse-Race Bettors. The
American Journal of Psychology 62 (2):290-294.


https://support.betfair.com/app/answers/detail/a_id/6156/

54

Hodges, S.D., Tompkins, R., Ziemba, W.T., (2003) The favorite/long-shot bias in S&P
500 and FTSE 100 index futures options: the return to bets and the cost of insurance.
EFA 2003 Annual Conference Paper No. 135; Sauder School of Business,
Vancouver.

Hong Kong Jockey Club (2023) Horse Racing Turnover — Season Total. [Website].
[Cited 2023-09-24]. https://res.hkjc.com/racingnews/wp-
content/uploads/sites/3/2023/07/GrossMarginReporting2223E.pdf

Kahneman, D. & Tversky, A. (1979) Prospect Theory: An Analysis of Decision under
Risk. Econometrica. [Online] 47 (2), 263—-291.

Koivuranta, M. & Korhonen, M. (2021) Changes in risk preferences: Evidence from
Swedish harness horse racing data. Journal of economic behavior & organization.
[Online] 18716-32.

Koivuranta, M. & Korhonen, M. (2019) Misperception explains favorite-longshot bias:
evidence from the Finnish and Swedish harness horse race markets. Empirical
economics. [Online] 57 (6), 2149-2160.

Koning, R. H. (2012) Regression tests and the efficiency of fixed odds betting
markets. International journal of sport finance. 7 (3), 262-.

Krieger, K. & Fodor, A. (2013) Price movements and the prevalence of informed
traders: The case of line movement in college basketball. Journal of economics and
business. [Online] 6870-82.

Lumley, T., Diehr, P., Emerson, S., Chen, L. (2002) The importance of the normality
assumption in large public health data sets. Annual review of public health. [Online]
23 (1), 151-169.

Marginson, D. (2010) Market Inefficiency in Person-to-Person Betting: Examining
‘Known Loser’ Insider Trading on the Exchanges. Southern economic journal.
[Online] 76 (4), 932—-952.

McGlothlin, W. H. (1956). Stability of Choices among Uncertain Alternatives. The
American Journal of Psychology. 69(4), 604—-615.

Paton, D. & Williams, L. V. (2005) Forecasting outcomes in spread betting markets:
can bettors use ‘quarbs’ to beat the book? Journal of forecasting. [Online] 24 (2),
139-154.

Sauer, R. D., Brajer, V., Ferris, S. P., Marr, M. W. (1988) Hold Your Bets: Another
Look at the Efficiency of the Gambling Market for National Football League Games.
The Journal of political economy. [Online] 96 (1), 206—213.

Sévigny, S. et al. (2005) Internet gambling: misleading payout rates during the ‘demo’
period. Computers in human behavior. [Online] 21 (1), 153-158.



55

Smith, M. A., Paton, D., Williams, L.V (2006) Market Efficiency in Person-to-Person
Betting. Economica (London). [Online] 73 (292), 673—-689.

Smith, M. A., Paton, D., Williams, L.V. (2009) Do bookmakers possess superior skills
to bettors in predicting outcomes? Journal of economic behavior & organization.
[Online] 71 (2), 539-549.

Smith, M. A. (2013) EXPLORING VARIATIONS IN ODDS BIAS ACROSS BETTING
MEDIA. The journal of gambling business and economics. [Online] 4 (1), 53—66.

Snyder, W. W. (1978) HORSE RACING: TESTING THE EFFICIENT MARKETS
MODEL. The Journal of finance (New York). [Online] 33 (4), 1109-1118.

Statista (2023) Annual turnover of off course horse race betting in Great Britain from
April 2008 to March 2022. [Website]. [Cited 2023-09-24].
https://www.statista.com/statistics/469783/gambling-turnover-horses-in-great-britain-

betting-uk/

Strumbelj, E. (2014) On determining probability forecasts from betting odds.
International journal of forecasting. [Online] 30 (4), 934-943.

Thaler, R. H. & Ziemba, W. T. (1988) Anomalies: Parimutuel Betting Markets:
Racetracks and Lotteries. The Journal of economic perspectives. [Online] 2 (2), 161—
174.

Weitzman, M. (1965) Utility Analysis and Group Behavior: An Empirical Study. The
Journal of political economy. [Online] 73 (1), 18-26.

White, H. (1980) A Heteroskedasticity-Consistent Covariance Matrix Estimator and a
Direct Test for Heteroskedasticity. Econometrica. [Online] 48 (4), 817—838.

Woodland, L. M. & Woodland, B. M. (1994) Market Efficiency and the Favorite-
Longshot Bias: The Baseball Betting Market. The Journal of finance (New York).
[Online] 49 (1), 269-.

Zuber, R.A., Gandar, J.M. & Bowers, B.D. (1985) Beating the Spread: Testing the
Efficiency of the Gambling Market for National Football League Games. The Journal
of political economy. [Online] 93 (4), 800—806.


https://www.statista.com/statistics/469783/gambling-turnover-horses-in-great-britain-betting-uk/
https://www.statista.com/statistics/469783/gambling-turnover-horses-in-great-britain-betting-uk/

APPENDICES

Appendix 1. T-tests for "back win” betting returns, favorite order groups

group id min prob max prob tstat group count p value
1 0.077072 0.96%904 -1.3012 66733 0.0%6604
2 0.019012 0.4%9626 -3.39g7 66734 0.0003411%8
3 0.0020313 0.319449 -2.8875 BET34 0.001407
4 0.00099314 0.24066 -1.535%9 66068 0.06229
5 0.00097205 0.19016 -2.0075 63066 0.022352
& 0.00097205 0.14315 -1.3504 57754 0.082202
7 0.0009E258 0.1243¢ -2.8252 50720 0.0043317
g 0.000%6614 0.095462 -2.1153 42805 0.017204
4 0.00095357 0.08483%9 0.033107 34506 0.48679
10 0.00094085 0.07573 -0.84602 26717 0.19877
11 0.00091741 0.063102 0.93103 lo9g94 0.17593
1z 0.00095174 0.058641 -4.,2372 13780 1.138%=-05
13 0.00095398 0.054524 -1.4817 g§790 0.069228
14 0.00094115 0.0410&5 -0.38355 5420 0.34697
15 0.00096843 0.03985 -0.67436 2082E 0.25007
1& 0.0009568 0.033219 0.92768 1920 0.17684
17 0.0005%625 0.032556 0.28575 1185 0.38756
18 0.00095664 0.027914 -2.2558 833 0.012171
14 0.00093987 0.027471 1.0426 602 0.14877
20 0.00098043 0.026367 -3.7226 430 0.00011172
21 0.00098307 0.023857 -2.7746 283 0.0025478
2z 0.00097388 0.018525 -0.22232 232 0.41213
23 0.00097808 0.017458 -0.27186 172 0.39303
24 0.0010005 0.017393 -Inf 132 0
25 0.000975954 0.014392 -Inf a4 0
2E 0.00097524 0.0137&5 —Inf g1 o]
27 0.00097524 0.013643 0.48203 66 0.3157
28 0.00097381 0.013209 -Inf 45 0
249 0.0011222 0.013063 -Inf 30 0
30 0.0015359% 0.0118&7 —Inf 21 o
31 0.0015701 0.011587 -Inf 14 0
32 0.0011538 0.011224 -Inf 13 0
33 0.001617 0.010371 -Inf 1z 0
34 0.001502%9 0.01011%9 —Inf o o
35 0.0050327 0.010115 -Inf & 0
1 0.0047247 0.0088003 -Inf & 0
37 0.00445585 0.0079709 -Inf & 0
3s 0.0043316 0.0072054 —Inf & 0
39 0.0038415 0.0055835 -Inf 5 0
40 0.00273594 0.0048044 -Inf 4 0



Appendix 2. T-tests for "back place” betting returns, favorite order groups

group_id min_prob max prob t=stat group count p_value
1 0.07T072 0.%96904 -1.8224 GeT33 0.034202
2 0.01%012 0.4%626 -2.6%96 66734 0.00350%9¢
3 0.0020313 0.31949 -5.1071 66734 1.64e-07
4 0.00099314 0.24066 -2.2936 66068 0.010%908
5 0.00097205 0.1%901& -2.7771 63066 0.0027429
& 0.00097205 0.14315 -2.404¢6 57754 0.0080974
7 0.000%6258 0.12436 -1.3831 50720 0.08332
8 0.000%6614 0.095462 -2.7209 42805 0.0032569
g 0.00095357 0.084839 -1.8%956 3450k 0.02%013
10 0.00094095 0.07573 -2.0366 26717 0.020851
11 0.00091741 0.063102 -0.48672 19694 0.31323
1z 0.00095174 0.058641 -1.871¢ 13780 0.030641
13 0.00095398 0.054524 -1.3395 3790 0.032935
14 0.000%94115 0.041065 -1.23c8 5420 0.10811
15 0.000%6843 0.03985 -2.5722 202¢ 0.0050773
le 0.0009569 0.033219 -0.9545 15920 0.1g9598
17 0.0009629 0.032556 -0.73973 1185 0.22981
15 0.00095664 0.027914 -0.28213 833 0.388%6
15 0.00093997 0.027471 -0.72132 g0z 0.2355
20 0.00093043 0.026367 -0.10414 430 0.45855
21 0.00098307 0.023857 -0.55188 283 0.29073
22 0.00097388 0.019525 -0.41074 232 0.34082
23 0.00097808 0.017458 0.52484 172 0.30019
24 0.0010005 0.017393 1.0831 132 0.14037
25 0.00097954 0.0143592 0.4T7858 94 0.31668
26 0.00097524 0.013765 0.11405 81 0.45474
27 0.00097524 0.013643 -3.48 (14 0.00045035
28 0.00097381 0.013209 -0.87006& 48 0.19434
24 0.0011222 0.013063 -Inf 30 o]
30 0.0015399 0.011867 0.8308 21 0.20795
31 0.0015701 0.011587 -Inf 14 o]
32 0.0011538 0.011224 -Inf 13 0
33 0.001617 0.010371 0.6367 1z 0.265%67
34 0.0015029 0.01011% 0.54128 4 0.30153
35 0.0050327 0.010115 -Inf & 0
1 0.0047247 0.0088003 0.78374 & 0.23434
37 0.0044959 0.0079709 -Inf & 0
38 0.0043316 0.0072054 -Inf [ 0
39 0.0033415 0.0055835 0.71933 5 0.25586
40 0.0027394 0.0048044 —-Inf 4 0

57
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Appendix 3. T-test for “back place”, equal interval groups, four places paid

group_id min prob max_prob tstat group count p_value
1 0.00093587 0.09599593 -0.87838 333895 0.18587
2 0.10001 0.2 -0.96743 299 0.le668
3 0.20002 0.29584 -0.2707% 857 0.39331
4 0.30041 0.3951 0.62116 1la3 0.26768
5 0.40025 0.49581 -1.5048 34 0.07085
& 0.508% 0.58076 —-0.85939% 1a 0.1973
T 0.6381 0.66281 7.0403 2 0.044912

Appendix 4. Cumulative sum of returns for "back place" bets for groups 7 and 9, two

places paid
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