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Foreword to the paperback edition

Ian Graham had chosen his spot strategically.

Like hundreds of thousands of Liverpool fans, he had wanted to be in the city to watch Arne Slot’s team parade the Premier League trophy, to share in the euphoria of the club’s record-equalling twentieth English title. He knew from experience that the crowds would be thickest on the Strand, in the shadow of the Liver Building, and so he selected a vantage point a little further up the road.

As he stood on Low Hill, waiting for the cavalcade to appear, he realised that – for the first time – he felt a fleeting pang of regret at leaving.

In 2019, after Liverpool won the Champions League, he had been on one of the buses, looking out at the smoke-wreathed celebrations. He had been there in 2022, toasting the team’s victories in both the FA Cup and the Carabao Cup. Had he remained as the club’s Director of Research, he would have been on board again, surrounded by colleagues and friends.

A little guiltily, he was sort of glad it was raining. He may have been missing out on that feeling of a mission accomplished, another glory secured, but at least he wasn’t getting too wet.

Graham is too bashful, too self-effacing to claim any credit for Liverpool’s capture of the Premier League title in 2025. By then, he had been away from the club for two years and struck out on his own, establishing a company, Ludonautics, that helps a coterie of clients across football pick their way through the reams of data the sport produces. He did not feel any sense that he ought to have been on the bus.

It speaks volumes, though, that he had been at Anfield for the final game of the season, to see Virgil Van Dijk lift the trophy, at the express invitation of his former colleagues. He might not regard it as his success, but the modern Liverpool would look very different had it not been for Graham’s contribution.

The chances are that Liverpool would still have been one of the teams at the forefront of football’s ongoing and somewhat uneven data revolution. The club’s owners, Fenway Sports Group, are that way inclined; so, too, are the likes of Michael Edwards and Richard Hughes, the sporting directors tasked with setting the club’s direction of travel.

Graham’s influence, though, cannot be overstated. Through the years, a handful of stories of his impact while he was at Liverpool have passed into football’s broader bloodstream: how he won over Jürgen Klopp by showing him the data that proved his last year at Borussia Dortmund had been strikingly unlucky; how Liverpool signed Mohamed Salah, rather than Julian Brandt, because of the truth contained in Graham’s numbers.

But the systems he built did not stop working the moment he departed; the vein of knowledge he had tapped did not suddenly close. Graham, reflexively modest, tends to point out that his gravest mistake was hiring a raft of people who were smarter than him. Liverpool, even in his absence, have continued to build on his work.

That can be seen in the identity of the players who were on the buses: Graham might have directly contributed to the recruitment of Salah, Van Dijk and Alisson, but more recent arrivals – the likes of Ryan Gravenberch and Alexis Mac Allister – were identified with the help of the processes he put in place, too.

Even the presence of Slot – hired long after Graham left – can be traced back to a project he started. Finding a reliable way to identify a club’s next manager is even harder than consistently performing well in the transfer market. For players, their past performance can be a useful guide to their future success. The same is not quite true of managers.

There are so many factors that go into divining whether a manager will thrive or flail: not only the quality of player at their disposal, but also their form, their happiness, their injury record, sheer blind luck. Managers are at the mercy of a seemingly infinite number of second-order effects. Working out which one is succeeding because of their own talent, rather than the circumstances in which they find themselves, is one of the great quests for the denizens of football’s data departments.

Before he left Liverpool, Graham set himself the task of trying to do just that. He did not have time to find the answer, but he laid the groundwork for his successor, Will Spearman, to continue. Slot winning the Premier League in his first season in England was rooted in information as much as inspiration.

Graham’s legacy extends far beyond Merseyside. As unpalatable as it will naturally be for fans of rival clubs to accept, Liverpool’s success over the last half-decade or so has had ramifications for the wider game.

As a rule, football is not good at understanding the idea of comparative success. The contrast with American sports is both pronounced and significant. North America’s major leagues provide a number of recognised ways to succeed. Beyond winning the World Series or the Super Bowl or the NBA Finals, winning a conference, a division, a pennant − even just recording a ‘winning’ season, with more victories than defeats − can be seen as a sign of progress.

That is not true of football. It thinks of itself as a zero-sum game with a winner and any number of losers. Second is first last. It is an approach that does not lend itself to nurturing new ideas.

The story of Moneyball, for example, would have looked very different in a European context: Billy Beane’s Oakland A’s might have won a record twenty consecutive games, and they might have won their division that year, but they did not win the World Series. They were, in fact, knocked out in the first round of the play-off s. In football, that sort of return might not have been enough to kickstart a revolution.

Liverpool are not the only football team to have used data over the last decade or so to gain a competitive edge; Brighton and Brentford, in particular, have also been at the cutting edge of the game’s newest frontier. Both have profited from it enormously, establishing themselves as fixtures in the Premier League, enjoying what may be the most successful periods in their respective histories.

And yet theirs is a comparative success, one limited by the reality of finance and power. For football to take data seriously, to regard mastery of it as a key part of best practice, it required football’s preferred form of proof: ticker tape and confetti cannon and ideally more than one big, shiny trophy.

Thanks in no small part to Graham’s work, that is what Liverpool provided, what the club continues to provide. They are proof that the methods Graham has spent much of his career fi ne-tuning and promoting work, Liverpool’s enduring success a measurement of their potency. Graham might have watched Liverpool’s most recent parade, in the late-spring drizzle, as one of hundreds of thousands of fans. All he has done, though, means he is not just another face in the crowd.

Rory Smith
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Part One



THE ROAD TO ANFIELD




1.

The Best Team in the Land


Statistical thinking will one day be as necessary for efficient citizenship as the ability to read and write

Samuel S. Wilks paraphrasing H. G. Wells, 1951

’Cause he’s fitba’ crazy, He’s fitba’ mad. The fitba it has ta’en away the wee bit sense he had

James Curran, 1885



Never Give Up

Liverpool Football Club were about to play FC Barcelona in a competitive game for only the 10th time in their history.1 I worked for Liverpool and had the privilege of being allocated two tickets for the game. But I’d decided not to go. It was May 2019 and we’d reached the semi-finals of the Champions League – football’s most prestigious club competition.

Frankly, I’d had enough. Since I joined Liverpool in 2012, we’d come agonisingly close to winning the Premier League in 2014. We’d lost the Europa League final in 2016, having led at half-time. We’d lost the Champions League final against Real Madrid in 2018. Now, in 2019, we had just lost the semi-final first leg in Barcelona 3–0. Coming back from that deficit was very unlikely. I felt jaded and couldn’t face another glorious failure. Then my friend Jin got in touch. He realised it was a long shot but said he would regret it if he didn’t ask: did I have a spare ticket for the game? I told him that I did and that I would not be going. He asked me, quite rightly, if I was out of my mind. It was the Champions League semi-final! It was Barcelona! It was Lionel Messi! I realised he was right – I’d never seen Messi play live before. It was worth going to the game if only to watch the world’s greatest player.

My job was the reason I didn’t want to be there. As director of research at Liverpool it was my responsibility to source, analyse and interpret data about football matches. One of the applications of data analysis in football is predicting outcomes. At Liverpool, my colleagues and I had developed a set of statistical models that took raw performance data – information about shots, saves and goals – and turned it into estimates of team strength. Each team’s attacking and defensive capabilities – their ability to score goals and stop goals being conceded – were then used to produce forecasts of games and competitions.

Given the 3–0 loss in the first leg, our algorithms estimated our chance of progressing to the final was 3.5%. Our statistical model of team strength rated Barcelona’s team a whopping 20% stronger than Liverpool’s. Liverpool’s home advantage in the second leg would make it an evenly matched game but we had to win by at least four goals, or take the tie into extra-time by winning exactly 3–0. My approach to football is the exact opposite of the romantic way in which fans view the game: I see everything through the lens of probability, which is estimated using objective evidence. And for this game, the evidence suggested our probability of success was extremely low.

It was well known at the training ground that my department produced these forecasts. When the canteen staff asked what our chances were and I told them the bad news, their reaction was: ‘That’s a higher chance than I thought!’ My pessimism was somehow a cause for optimism among my colleagues.

Even by Anfield’s standards, the atmosphere that night was electric. Luis Suárez – Liverpool’s best player from 2011 to 2014, but now playing for Barcelona – had scored in the first leg and celebrated wholeheartedly. This had angered the Liverpool fans and now, as he was about to take the kick-off, 50,000 people were screaming ‘Fuck off Suárez! Fuck off Suárez!’ In my job I was paid to take a sober, dispassionate view of football, but I was at Anfield as a fan and I happily joined in the chant.

The game was very open, and very entertaining. Strangely, our low chance of success allowed me to take a lot more pleasure in the match than I usually did. Since we were going to lose anyway I could just enjoy the spectacle without worrying about the result. But after six minutes, Barcelona’s Jordi Alba made a poor clearance, heading it straight to Sadio Mané. Sadio played in Jordan Henderson, whose shot was only parried by the goalkeeper and Divock Origi could not miss. We were 1–0 up.

Barcelona created several dangerous chances but the first half finished with Liverpool still 1–0 ahead. After 53 minutes, Trent Alexander-Arnold created a good chance for Gini Wijnaldum, who scuffed a terrible shot that somehow squeezed past the goalkeeper: 2–0. Barcelona kicked off but immediately lost the ball and within 30 seconds Gini had scored again with a brilliant header to make it 3–0. The atmosphere at Anfield went from electric to nuclear. Every touch of the ball by Suárez was met with venom and derision from our fans. By the time the third goal went in I’d shouted so much that I’d lost my voice. I had to ask Jin to shout at Suárez on my behalf. I spent the second half jabbing him in the ribs as the signal to hurl some abuse.

My nerves had increased in direct proportion to our chances of victory. But after 78 minutes, Trent took a lightning-quick corner, having noticed the Barcelona defence was asleep, and Divock hit an unstoppable shot for a 4–0 lead. Barcelona’s habit of losing concentration and complaining to match officials when defending corners had been highlighted by my colleagues in the Video Analysis department. As a result, our players and ball-boys had been primed to restart the game quickly from corners. The video analysts deserved tremendous credit for their insights.

We had reached the Champions League final in the most dramatic and unlikely of circumstances. Maybe, after seven years of working for Liverpool, we would finally win a trophy. Like every other Liverpool fan, I was buzzing when I left Anfield that night. But the data analyst in me was eager to evaluate the game.

The Outside View

That night, as I drove home, data was being pushed to our computer servers in the cloud. Video analysts working in our suppliers’ collection centres had transcribed the details of every on-ball action – passes, shots, tackles, fouls – and uploaded them. At the same time, cameras at Anfield had recorded the movements of all the players and the ball. This video was then converted using computer vision algorithms into a trace of each player’s location. These player positions – recorded 25 times per second – were also now available to be analysed.

When the data arrived at around 5am the next morning, several automatic processes were triggered. First, validation: an algorithm checked that the data was of high enough quality for our models to produce sensible results. Next, composition: the on-ball events were synchronised with the player positions to give a unified history of the game. Finally, analysis: the synchronised data was pushed through our statistical models. These models produced a statistical interpretation of the game, judging the contribution of each player to the result. Based on the performances of each player, further algorithms updated our ratings of team strengths and player abilities.

In the stands I watched the game as a fan, exhilarated and elated. The next morning, with the data processed and the results of our algorithms displayed before me, I analysed the game rationally. The game I remembered from the night before was not quite the same as the game I reviewed the next day.

We had won 4–0, but the result could so easily have been different. In hindsight, it seemed almost inevitable that we would achieve the result we needed. Mohamed Salah, injured for the game, had watched from the stands wearing a T-shirt that said ‘Never give up’. But every game is subject to the arbitrary power of chance. We can all remember games where the outcome might have been different but for a mishit cross or a lucky deflection. Given the goal-scoring chances that occurred in the game, our 4–0 victory was far from guaranteed. Using data to analyse what might have happened leads to a less certain, more probabilistic view. Its value lies in separating performance, or signal, from luck, or noise. It allows us to better understand the strengths and weaknesses of our team by discounting a lucky win or appreciating a good performance that nevertheless ended with an unlucky loss.

The shots that occurred in the game meant that we estimated the ‘fair score’ to be 2.0 goals to Liverpool and 0.9 goals to Barcelona. This ‘fair’ goal difference of +1.1 predicted by our model was not enough to win the tie. The fair score had been calculated using a method that has become known as ‘Expected Goals’.


Expected Goals

Goals are rare in football – there are only 2.7 per Premier League game. A goal usually (but not always) follows a shot and there are 10 times as many shots as there are goals so it makes sense to analyse them. The shots may tell us something about the performance of the teams that the goals do not.

Different shots have different chances of being converted into goals. Every football fan knows that a penalty has a better chance of becoming a goal than most shots that occur in open play. And most fans intuitively understand that a shot taken from inside the opposition’s 18-yard box has a higher chance of hitting the back of the net than a shot from outside the box. ‘Expected Goals’, introduced in 1997 by Richard Pollard and Charles Reep,2 simply quantifies the conversion chance of each shot.

The statistical model they built revealed that a shot from 30 yards had only a 1% chance of being converted into a goal. Just inside the box that increased to 10%, then the chances rapidly improved: 20% from the penalty spot, and 50% inside the six-yard box. They showed that defensive pressure led to a lower conversion chance, and that shots from set-piece situations had a lower conversion chance than similar shots in open play.



Why ‘Expected’ Goals?

Pollard and Reep used the term ‘Weighted Shots’, which was a good name. Each shot is weighted by its chance of converting into a goal, so ‘Weighted Shots’ makes perfect sense. ‘Expected Goals’ is a terrible name. ‘Expected’ refers to the number of goals we’d see, on average, given the conversion chance assigned to the shot. For example, penalties are converted into goals about 75% of the time. After 100 penalties we’d expect 75 goals – or expect 0.75 goals per penalty.


The semi-final with Barcelona had been closer than I remembered. Divock’s first goal had an excellent conversion chance of 40%. But it had been followed by two Barcelona chances: a 12% shot from Messi and an 18% shot from Coutinho. On the stroke of half-time, Barcelona’s Jordi Alba had a 33% shot superbly saved by our goalkeeper, Alisson Becker. In the second half, Virgil van Dijk – Liverpool’s best defender – saw his header saved from a corner: a 36% chance. Conversely, based on the probability of success, our three goals in the second half added up to only 0.41 Expected Goals.

I replayed the game in a computer simulation with goals being scored according to each shot’s individual conversion chance. The simulation resulted in a 4–0 or better result for Liverpool only 5% of the time, plus a 4% chance of taking the tie into extra-time.

Next I looked at how much the shooters had capitalised on their Expected Goals. Taking a shot from a given location in a given situation is one thing; taking it well is another. When accounting for the trajectory of each shot and the position of the goalkeeper – ‘Post-Strike Expected Goals’ – the calculation changed: a 2.0–0.9 win became a 3.4–1.7 win. Both teams’ shot-takers had taken shots of above-average quality.

Divock’s two goals were particularly well taken. He shot accurately and he shot where the goalkeeper wasn’t. But Barcelona’s players had also shot accurately: their 0.9 Expected Goals had increased to 1.7 thanks to accurate shooting – no surprise, with Messi and Suárez in their team. Barcelona’s 1.7 Post-Strike Expected Goals had resulted in zero actual goals: our goalkeeper Alisson had a strong claim to have been named man of the match.

Success

In the final we played Tottenham Hotspur, the team I had consulted for between 2007 and 2012. Our model predicted a 60% chance of victory. It was a terrible game. Liverpool’s centre-forward, Roberto Firmino, was not fully fit, and neither was Tottenham’s Harry Kane. Sadio Mané won a penalty in the second minute, which was converted by Salah. Liverpool mostly defended for the next 90 minutes. We survived a late onslaught from Spurs but Divock Origi scored with only a few minutes remaining to effectively end the game and secure his legacy as a Liverpool legend. We’d finally won a trophy.

I’d watched the game in the stands with my colleagues from the Scouting department. The initial euphoria at the final whistle had died down and we were watching the players celebrate and get ready for the presentation of the trophy. There was a tap on my shoulder: it was Steven Gerrard, the former Liverpool captain and one of the club’s greatest ever players. He’d watched from the row behind ours. He told us he’d never been so nervous at a game – as a player, manager or spectator. I agreed, saying it had been unbearable to watch. He hadn’t been worried about the game, he explained, but watching our extreme anxiety for 90 minutes – biting our nails and putting our heads in our hands at every Spurs chance – had rubbed off on him. ‘I wouldn’t have been nervous at all if I wasn’t sat behind you idiots, watching you kick every ball.’

Several days of celebration passed before I looked at the analysis of the final. In the last 20 minutes of the game, Spurs had created 0.82 Expected Goals compared to our paltry 0.16. I was right to have been nervous.

The next season, 2019/20, we won the Uefa Super Cup and the Fifa Club World Cup, while making the best start in Premier League history. In March we found ourselves 25 points clear at the top of the table, having won 27 of our first 29 games. We were going to be champions. It was so overwhelmingly likely to happen that I’d been asked by the head of our Ticketing department to forecast which game would be the most likely to see us crowned champions. Then Covid-19 struck. It looked as though a certain first league title in 30 years, and a first Premier League title, would be denied us by the pandemic. But football returned, behind closed doors, in June 2020. We finally won the Premier League title. Liverpool winning the league title should have been an occasion for joy, but it wasn’t. It felt very strange to me: the world was still in the grip of the pandemic, and football was simply not important.

We continued to vie with Manchester City – the most dominant team the Premier League has ever seen – for the league title, coming second in 2021/22 and finishing runners-up in the Champions League again. We also won the FA Cup and the League Cup. I was gratified to have played a part in returning Liverpool to their historic position as one of the best clubs in Europe.

My story about helping return Liverpool to success focuses on data analysis: this was my role and it gave us an edge over our rivals, especially in the transfer market. But I must stress that building a successful football club is a team effort: without the foresight and long-term thinking of John W. Henry, Tom Werner, Mike Gordon and the rest of Fenway Sports Group, my work would have had little impact. Without the arrival of Jürgen Klopp and the decision-making ability of Michael Edwards as sporting director, my contribution would also have failed to make a difference, to say nothing of the hard work of my colleagues in the Academy, Video Analysis, Sports Science, Scouting and Medical departments. My data analysis team increased our chances of success and identified future stars for Liverpool but the theoretical edge it gave only became a reality thanks to the hard work and talent of our owners and my colleagues.

Of course, the ultimate success of a team depends on its players. The players who started the Champions League final were nearly all signed with the help of data analysis. Liverpool’s most expensive incoming transfer in history at that point was Virgil van Dijk – a brilliant centre-back who, incredibly, was not already playing for a big Champions League club. When we signed Virgil in January 2018, he became the most expensive centre-back ever (he has since been surpassed by Matthijs de Ligt, Harry Maguire and Joško Gvardiol). Goalkeeper Alisson Becker became the most expensive goalkeeper ever when he signed in the summer of 2018, until Chelsea signed Kepa Arrizabalaga three weeks later. The transfer fees we paid for Van Dijk and Alisson were much higher than Liverpool had usually paid. Their price was high because they were both clearly brilliant players. They shone brightly in our data analysis, but their talent shone brightly to scouts, coaches, the media, and anyone with even a passing interest in football.

Our owners, Fenway Sports Group, had always been very willing to invest Liverpool’s revenues into the playing squad, but we had to live within our means. On this occasion, however, we were able to pay high fees for obvious superstars thanks to a previous success story. Philippe Coutinho signed for Liverpool in January 2013 from Internazionale and had become the star player of our team. In January 2018 Barcelona, desperate to make prestigious signings after Neymar’s buyout clause was met by Paris Saint-Germain, had paid us a barely believable £142 million to sign Coutinho.

If Alisson and Van Dijk were obvious stars, two other members of our defence were not. Joël Matip was one of our first signings under Jürgen Klopp, and had arrived in summer 2016 on a free transfer from the German team Schalke 04. A gangly and rather awkward looking player, he had amassed an impressive amount of experience – 175 Bundesliga starts by the age of 24. His apparent awkwardness was a turn-off for some of our scouts, who had doubts about his pace and his ability in the air. The most worrying thing was that he seemed to be making the same mistakes week after week. Our scouts were not alone in their opinion. We faced very little competition for his services – in January 2016, Newcastle United were the only other English team interested in signing him, but they were relegated at the end of the season. Despite his lack of popularity among scouts at nearly every club, our data analysis concluded that his performances for Schalke were easily above the Premier League centre-back average. At such a young age and a free transfer, he was an obvious signing to us if no one else.

Andy Robertson at left-back was another undervalued player. Liverpool signed him in 2017 from Hull City, who had been relegated from the Premier League with the worst defensive record of any club, conceding 80 goals. He was one of the best attacking full-backs in the league – his passing and dribbling looked very impressive in our data analysis. His defending was a cause for concern, but my worries were eased by Jürgen, who prioritised a full-back’s attacking abilities over his defensive ones. It’s fair to say that Robertson’s defending for Liverpool has exceeded my expectations. Midfielder Gini Wijnaldum had also joined from a relegated club, Newcastle, and was similarly undervalued.

Our defensive midfielder, Fabinho, had joined in summer 2018 for a relatively large fee. A member of Monaco’s title-winning 2016/17 team, he remained at the club until 2018, while his team-mates Tiémoué Bakayoko, Bernardo Silva and Benjamin Mendy signed for Chelsea and Manchester City. Still only 24, we considered him one of the best young defensive midfielders not already playing for a big Champions League rival, and the Scouting department agreed. He could also play as a right-back, potentially giving us more bang for our buck.

Our forward line of Mo Salah, Roberto Firmino and Sadio Mané all carried some baggage when they signed for Liverpool. Salah had ‘failed’ at Chelsea – he had not really failed but his playing time had been extremely limited. Because of this, he was considered a Premier League failure. We consequently faced little competition for his signature from our Premier League rivals despite his success playing for Fiorentina and Roma in Italy. Firmino had scored only 38 goals in 140 Bundesliga appearances for mid-table Hoffenheim, and Mané 21 in 67 for similarly mid-table Southampton.

Our data-based opinion of all these players was much, much more positive than the opinion of the rest of the footballing world. For various reasons, they had been overlooked and undervalued by other clubs. At Liverpool we had, through luck and judgement, hit upon an effective method for identifying talent and signing players.

Liverpool’s ex-sporting director Michael Edwards has often said that if data, scouts and manager all agree on a player, that player rarely fails. Michael is a critical and argumentative man, as am I. I once recorded a fourth percentile score on a psychological test for agreeableness among a sample of science postgraduates, a group not generally known for their agreeableness. Me and Michael argued and argued about blind spots in data analysis and video analysis of players. I also had endless debates about the relative merits of players with Dave Fallows and Barry Hunter, the leaders of our Scouting department. ‘Argumentative’ is an adjective that can also easily be applied to Jürgen Klopp. But we used our tendency towards argument and criticism as a positive force. Michael’s criticism of my data analysis motivated me to improve it. My criticism of scouting motivated the scouts to consider the merits of less aesthetically pleasing players. Michael’s animated discussions with Jürgen persuaded him to sign players that were maybe not his first choice. Every player we ever considered underwent an exhaustive qualitative, quantitative and financial examination.

Luck also played a part. No one – certainly not me – expected Andy Robertson to become a world-class defender. We were confident that Firmino and Mané would be excellent players for Liverpool but they exceeded my expectations. If Salah had not ‘failed’ at Chelsea, we would certainly have faced stiff competition to sign him in 2017. If Paris Saint-Germain had not signed Neymar for such a huge fee, Barcelona would not have been so desperate to sign Coutinho, and we would not have had the funds to sign Alisson and Van Dijk. We were lucky that Jürgen was not in work when Liverpool were looking for a new manager – our previous attempt to sign players combining data, scouting and manager opinion had previously failed badly when Brendan Rodgers was manager.

How We Changed Football

In this book I want to do three things. First I want to tell the story of data analysis in football, using my own experiences to guide the way – from obscurity and moderate success at Tottenham, through a disastrous start at Liverpool with Brendan Rodgers, to historic successes with Jürgen Klopp. I will explain the cultural differences that had to be overcome and the cognitive biases I encountered and had to work around in order for data analysis to have a chance of making a difference. I will also tell the story of the other early adopters of data analysis in football, Brentford and Brighton & Hove Albion.

Second, I want to challenge the way that you view the game. I will do this by explaining the most important concepts of data analysis and showing how they have impacted the Premier League using first-hand examples from Liverpool as well as case studies from other teams. Football is a very low-scoring game: it is difficult to draw conclusions from any particular result. But there are statistical tools that can help us untangle skill from luck, or signal from noise. Expected Goals is a good example. Measuring the quality of each shot by its chance of conversion shows that not all chances are created equally. Most players never even take a shot in a game (even Mo Salah takes fewer than four per game on average), so we have to analyse the impact of actions other than shots. ‘Possession Value’ analyses every chain of possession in order to estimate the value of a pass that may not directly lead to a shot. Expected Possession Value revealed just how much players like Andy Robertson and Trent Alexander-Arnold add to a team through the quality of their passing and dribbling. These tools were the cornerstones of our work at Liverpool and dictated our transfer policy: if a player did not rate highly in our models, he was not signed.

Finally, we’ll apply some statistical thinking to diverse questions about the game. We’ll explore why hiring the right manager is so difficult, and reveal the work we did to demonstrate that Jürgen Klopp was a brilliant fit for Liverpool. We’ll discover whether Lionel Messi was a better player than Cristiano Ronaldo, and why nearly half of all transfers fail. We will demonstrate the importance of home advantage, and analyse how it decreased when games were played in empty stadiums after Covid – thereby providing hard evidence that fans make a difference. We’ll explain the importance of set-pieces in goal-scoring (and conceding). And, looking ahead, we’ll also explore how the limitless spending power of state-owned clubs has distorted football’s landscape.

When I began working at Liverpool, in 2012, detailed data on top-flight men’s football was difficult and expensive to source. Data was impossible to source for the women’s game. Things have changed and, as with other aspects of the sport, women’s football data is rapidly improving. The ground is fertile for a data-driven approach to be applied to the women’s game, with some enlightened data suppliers making full seasons of Women’s Super League (WSL) data freely available. But my work at Liverpool was almost exclusively for the men’s team.

The data-driven view of football has been caricatured as clinical and accused of taking the passion out of the game. Nothing could be further from the truth, as you would know if you had the misfortune of sitting next to me at a game. At Anfield I occasionally sat next to Caroline, one of the training ground’s canteen staff, who would quite rightly complain about both the frequency and intensity of my shouting, swearing and ‘jumping about like a bloody lunatic’ over the course of the match. Football is a game of passion, and as the Scottish philosopher David Hume said: ‘Reason is, and ought only to be, the slave of the passions, and can never pretend to any other office than to serve and obey them.’ At Liverpool we strove to understand the game analytically in order to increase our chances of success, because we were passionate about winning. Data analysis is also accused of taking the beauty and magic away from football. Again, I believe the opposite is true. A better understanding of the game leads to a much richer appreciation of its beauty. Florence Nightingale’s phrase ‘To understand God’s thoughts we must study statistics, for these are the measure of His purpose’ sums up my opinion on the use of data in sport.

Some sports have changed immeasurably since embracing data analysis. Formula One, once the preserve of risk-seeking mavericks, has become a sport where careful engineering, logistics and resource management are prized over exciting overtaking manoeuvres. Michael Lewis captured baseball’s data revolution in his book, Moneyball. But one of the outcomes of the revolution was slower games and fewer hits. The baseball executive Theo Epstein admitted that analytics had ‘unwittingly had a negative impact on the aesthetic value of the game’.3 These sports have arguably become less fun since the geeks assumed control.

Other sports have fared differently. The distribution of basketball shots is unrecognisable from a decade ago, with large numbers coming from the three-point line. Limited-overs cricket has become a more exciting spectacle since data analysis showed that high-risk, high-reward attempts to hit a four or a six led to a better chance of winning than more cautious batting. I would argue football has also become more exciting, with a faster tempo, higher-quality attempts on goal, and tactics like gegenpressing. Gegenpressing tacitly accepts the risk of a higher chance of conceding a goal in return for the reward of a higher chance of scoring one. I have a pet theory: the quality of a sport can be gauged by whether data analysis makes it more entertaining or less entertaining. Football is, of course, the best sport, and data analysis has improved it so far. Let’s find out how.




2.

Tottenham Hotspur


It is a capital mistake to theorize before one has data. Insensibly one begins to twist facts to suit theories, instead of theories to suit facts

Sherlock Holmes (Arthur Conan Doyle)



Sensible Soccer, Science and Statistics

Growing up in rural South Wales I had little connection to any club. My closest team – Swansea City – were in the Third Division when I became interested in football, but even they were an hour’s drive away, and nobody in my family cared about football. Most of my classmates supported Liverpool – they were the most successful team in the 1980s, and children always love to follow a successful team. By coincidence I shared a name with one of their greatest strikers – Ian Rush – who was also Welsh. I couldn’t not become a Liverpool fan.

I was always a very geeky fan. There wasn’t much football on TV in the 1980s, so instead I read about it – a series of children’s books on the histories of Liverpool, Manchester United, Celtic, Rangers, Everton and Arsenal. The Ladybird book World Cup 86 made an enormous impression on me. I spent hours poring over an old book of football statistics that included every league table in history – I couldn’t believe how many times in the 1960s Bradford (Park Avenue) AFC had finished bottom of Third Division North and had successfully ‘applied for re-election’ (relegation from the Third Division being impossible back then) given how bad they were.

I was also obsessed with Subbuteo, the game where you could ‘flick to kick’ miniature players around a miniature pitch. My dad had stapled the fabric pitch to a wooden board to make for a better playing surface. I occasionally convinced my brother and a couple of friends in the village to play a tournament but most of the time I had to play games against myself. Every summer there was a full league and cup calendar, with Liverpool, Celtic, Brazil, Watford, West Germany and Italy competing in the first division, and Liverpool (away kit), Holland, Coventry City and Scotland competing in the second division. After each round of fixtures I would update the results and league tables using the Amstrad computer that my mother had borrowed from the local college, where she taught word processing. By some fluke, Liverpool won the double and Liverpool (away kit) were promoted to the first division, replacing relegated West Germany.

Come the 1990s, I became addicted to Sensible World of Soccer, a computer game where you controlled the action on the pitch, but could also sign and sell players. I would scour the globe for bargains, foreshadowing my future career. I would always sign Dynamo Brest’s speedy wingers – they helped many of my teams to Champions League glory.

The other sport that I loved in the 1980s was American football. NFL highlights were shown every Sunday evening in the UK and its exotic glamour made it very popular. I loved the glut of statistics – passing yardage for quarterbacks, sacks for defenders – and I loved the way that they meant something. Passing for 300 yards in a game usually indicated a very good performance. Football, as far as I was aware, had nothing similar.

Football was always just a hobby for me – I always assumed I’d have a career in science or engineering. I studied physics at university, and by 2005 I had done a Ph.D. in biological physics, using ideas from statistical physics to try to understand the chemical-sensing network of E. coli bacteria. Despite barely passing my Ph.D., I applied to be a postdoctoral researcher working on the challenging topic of polymer1 physics. I enjoyed the work, but it was tough going. People much cleverer than me had advanced the theory of polymer physics, and the pieces that remained unexplained were by definition very difficult to explain. After nine months’ work I was nowhere near publishing a paper, which is lethal to a young scientist’s future employment prospects.

Even though I liked the work, the money was bad (£14,000 per year) and so was the security (a two-year fixed-term contract). I could sense the end of my scientific career was nigh, given my failure to produce any new research. At the time, my partner worked at the University of Cambridge Local Examinations Syndicate. The head statistician there had seen an advert on an academic job listings website that asked: ‘Would you like to analyse football statistics for a living?’ I leapt at the opportunity. I had always loved football but had no idea that it was possible to have a career analysing the information it produced.

The company I worked for, Decision Technology, is a management consultancy specialising in behavioural economics. Its main business is doing experiments and analysis to help supermarkets decide which special offers to run, or banks to optimise the interest rates on credit cards. Its co-founder, Henry Stott, used football as an advertising tool. His idea was that football was a captivating example of how data analysis adds insight. Prospective clients were sent Premier League and World Cup forecasts. This would pique their interest in Decision Technology, while the forecasts also showcased the company’s analytical skills.

In the early days, our main football client was Danny Finkelstein at The Times. Every week we would analyse a football topic – red cards, home advantage, substitutions – and send a report to Danny. He would write up the analysis for his ‘Fink Tank’ column, which appeared in the paper every Saturday.

Searching for Signal

Football teams seemed like obvious clients for our services, but no one was interested. Part of the problem was that detailed player data didn’t exist. But the main issue was that no one employed by a football club knew about or cared about data analysis. That would soon change. Damien Comolli, who had been a scout at Arsenal under Arsène Wenger and sporting director at Saint-Etienne, was headhunted in 2005 for the role of director of football at Tottenham Hotspur. Spurs were unusual – very few teams in England had a director of football at the time.

Damien had been given a mission at Spurs: a top-four finish, which Spurs had not yet achieved in the Premier League era and which would bring Champions League football and much larger revenue. The problem was that Spurs wanted to achieve this using a lot less money than the ‘big four’ teams who usually topped the table – Manchester United, Arsenal, Chelsea and Liverpool. Damien had read Moneyball and felt that data analysis could be applied to football. He had employed a French company called Amisco to provide Spurs with technical reports, but they were not predictive. ‘They were telling me what the weather was like yesterday, but I was trying to understand what the weather will be next week,’ he told me.

Damien began a mission to understand sports data. He visited baseball’s Oakland A’s and met their general manager, Billy Beane, who showed him what could be done with baseball statistics. Player performances could be measured, but also projected, and an estimate of a player’s impact on a team’s number of wins could be made. Damien told Beane that he wanted something similar for football but didn’t really know where to start. Beane told him: ‘You should speak to Finkelstein’ – he had been reading our column in The Times. Billy Beane’s matchmaking gave us our first opportunity to work with a club.

The data problem was also solved. A media company, Opta, had started to produce detailed ‘Event Data’. For every on-ball ‘event’, like a pass, tackle or dribble, Opta would record the player’s identity, some context for the event (was it a header, a chipped pass or a pass along the ground?), and where on the pitch the event happened. The data was finally granular enough that I could develop a Possession Value model.


‘Possession Value’ Models

The system that we used to analyse players for Spurs was an early example of a ‘Possession Value’ model, originally introduced by Pollard and Reep in 1997 and recently popularised by Arsenal data scientist Karun Singh as ‘Expected Threat’. We’ve seen how Expected Goals takes one step back from goals to analyse the quality of the shots that may lead to goals. Taking another step back we can analyse the passes that lead to shots. And moving one step back again we can think about the passes that lead to passes that lead to shots. And we can keep stepping back in order to consider the impact of any action on the pitch in terms of how it might increase our team’s chance of scoring. This allows us to say something about the contribution of midfielders and defenders.

The name I coined for this sort of model was ‘Goal Probability Added’. It is not a catchy name, but it is descriptive. The idea is to estimate the probability of scoring a goal from a given game situation. One way of doing this is by looking at possessions. Imagine a player has possession in midfield, in open play, just inside his own half. What is the chance that his team scores a goal before losing possession? The easiest way to estimate this is to count all of the occasions where a team had possession in a similar situation and count the number of those occasions where a goal was scored before possession was lost. A rough estimate might be that for every 1,000 occasions a team has possession just inside their own half, four goals are scored – a goal probability of 0.4%. We can ask the same question for any game situation. For example, a possession on the edge of the opposition box might lead to 17 goals for every 1,000 possessions – a goal probability of 1.7%.

We looked at a range of different game situations – open play, set-pieces, defensive possession and controlled possession – and assigned a goal probability to each area of the pitch for each situation. The results are intuitive – obvious even – to any fan: possession is on average more valuable the closer you are to the opposition goal. Controlled possession is more valuable than defensive possession. Set-piece possession is more valuable than open-play possession far away from the box, because you can retain possession with a short free-kick or put the ball in the box from a corner or wide free-kick. But close to and inside the opposition box, open-play possession is more valuable than set-piece possession, because the opposition typically packs the box to defend set-pieces.

With all these situations labelled, and a goal probability attached to each, we can start to analyse player impact. In our example, if the player in possession just inside their own half (0.4% chance of a goal on this possession) makes a successful pass to the edge of the box (1.7% chance of a goal), he has helped to increase his team’s chance of a goal by 1.3%. If he loses the ball he has decreased his team’s chance of a goal by 0.4%. These changes in goal probability are the foundations upon which player ratings are built.


By 2007, Opta had collected event data for the big five European leagues – the English Premier League, French Ligue 1, German Bundesliga, Italian Serie A and Spanish La Liga. They’d also collected the two European competitions – the Uefa Champions League and the Uefa Cup. I spent the summer developing my Possession Value model, and by autumn 2007 it was ready to show to Spurs.

Their old training ground, Spurs Lodge, was in the leafy suburb of Chigwell, right on the north-east edge of Greater London, just inside the M25. After a typically fraught commute along London’s North Circular Road I was nervously sitting in Damien’s office, explaining to him how the model I’d created worked. Then came the critical moment – revealing which players were the most highly rated in the model. Years later I asked Damien what had convinced him of the value of our approach. His answer was simple: ‘All the best players in the world were at the top of your model’s ratings.’ Damien’s job was to identify talent and if the model had identified the same set of players as elite, then it must be doing something right.

I was thrilled to be working for a big Premier League club. Spurs had been in the doldrums for a few years, nearly always finishing mid-table in the Premier League. They finished fifth in 2005/06 (remember ‘Lasagne-gate’?)2 and 2006/07 but by 2007/08 were back to their habitual mid-table position. Spurs are a big club, one of only seven ever-presents in the Premier League at the time. It was exciting to be able to see the players at Spurs Lodge. I remember an exceptionally polite Luka Modrić shaking my hand and wishing me a very good morning, and saying hello to Gareth Bale who, being injured, was sat on his own in the canteen stoically eating a breakfast of beans on toast.

Disaster Strikes

Our first transfer window working for Spurs was the summer of 2008. Spurs had won the League Cup that spring, and the future looked reasonably bright, but the transfer window would bring massive upheaval.

One of Damien’s successful signings, the charismatic Bulgarian forward Dimitar Berbatov, had had a magnificent season. Manchester United were desperate to sign him. Spurs played a game of brinkmanship, extracting the maximum amount of money from United by waiting until very late in the window before agreeing to the transfer. The upside was that more money was indeed extracted – the transfer fee of £30.75 million was the second highest ever between Premier League clubs at the time.3 The downside, however, was that there was little time to replace him, and many of the available players we’d identified had already been transferred. Spurs ended up signing Roman Pavlyuchenko from Spartak Moscow. Pavlyuchenko had played well in Euro 2008, but we had no data on the Russian league so could not really offer an opinion on his value to Spurs.

To compound Spurs’ problems in attack, Liverpool unexpectedly bid for their other striker, Robbie Keane. Damien, knowing Berbatov would be leaving, demanded a high fee of £19 million and was surprised when Liverpool agreed to pay it. Spurs had made a lot of money, but would go into the season having replaced Berbatov and Keane with Pavlyuchenko and Fraizer Campbell, a young loan signing from Manchester United.

Goalkeeper was another position where we provided advice. Our goalkeeper ratings, based on Post-Strike Expected Goals (see box), indicated that Paul Robinson had been among the worst performers in the Premier League for shot-stopping since 2006/07. The outstanding candidate to replace him was Hugo Lloris. Lloris, then a 20-year-old playing at Nice in France, had had one of the best goalkeeping seasons in Europe according to our model. Damien had told me that Lloris wanted to come to Spurs and I was very excited about the first signing that would be made with the help of data. But my dreams were soon shattered: Lloris received some bizarre advice that if he signed for Spurs he would not be considered for the French national team. He signed for Lyon instead. Lloris continued to live up to the incredibly high expectations set by his first season, and eventually arrived at Spurs in 2012.


Post-Strike Expected Goals

Expected Goals (see box in Chapter 1) assigns a conversion chance to a shot given its distance to goal, angle, phase of play and so on. But when it comes to assessing goalkeepers, Expected Goals is not the right tool to use.

At first glance, saving goals seems like the mirror-image of converting goals, and all Expected Goals does is to measure conversion chance. A keeper who saves shots with a high conversion chance is probably performing well. However, there is a problem. Every single shot has a positive conversion chance according to Expected Goals. But goalkeepers do not have to save off-target shots. And it is difficult to save shots smashed into the top corner, and easy to save shots scuffed straight at the goalkeeper.

Post-Strike Expected Goals adds information about the trajectory of the shot in order to create a revised conversion chance. An Expected Goals conversion chance of 30% becomes 0% if the shot is off-target, maybe 10% if the shot is hit close to the goalkeeper, and maybe 90% if the shot is hit into the top corner.

Expected Goals asks ‘What is the chance of a goal given a shot?’ Post-Strike Expected Goals changes the question to ‘What is the chance of a goal given a shot whose trajectory we know
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On a station platform, with nothing to read, and a four-hour train journey stretching ahead of him…

That’s where the story began for Penguin founder Allen Lane. With only ‘shabby reprints of shoddy novels’ on offer, he resolved to make better books for readers everywhere.
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And on every book would be a Penguin, a bird with a certain ‘dignified flippancy’, and a friendly invitation to anyone who wished to spend their time reading.

In 1935, the first ten Penguin paperbacks were published. Just a year later, three million Penguins had made their way onto our shelves.

Reading was changed forever.

—
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