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Introduction


About ten years ago I was at the Stamford, Connecticut, courthouse for jury duty. A large group of people—I would estimate about seventy-five—waited in a large room while the process of separating those who would be released without screening from those who would be further screened for jury duty ran its course. Most people were occupied with books or their smartphones. There was a decent-sized TV at the front of the room, which at the 11:00 a.m. hour was tuned to The Price Is Right. Lo and behold, the first contestant to get on stage was an energetic college student, and she was playing the pricing game Lucky Seven for a car. In unison, most of the seventy-five people in the courthouse stopped what they were doing to turn their attention to the show. The college student won the car in dramatic fashion, but what was far more dramatic was the collective attention diverted to the show. Young, old, male, female—it didn’t matter. For a few minutes The Price Is Right was the only game in town for those awaiting jury duty at the Stamford courthouse. Why? Because we all grew up with the show. And because many of those individuals were surely playing Lucky Seven in their heads that day.


I grew up watching The Price Is Right (TPIR). During the summer and on snow days, I tried not to miss it. There were so many exciting aspects to the show, between bidding in Contestant’s Row, the Showcase Showdown, and dozens of exciting pricing games. The contestants were interesting characters, and Bob Barker and the Barker beauties added mystique to the show.


As a game show, TPIR offers a stimulating combination of knowledge, strategy, and luck. I have always found this combination to be the hallmark of a well-designed game, whether a card game, a board game, or a game show. I think this is a key reason the show endures, having completed fifty consecutive seasons in its current form. It is the second-longest continuous-running series on TV, only surpassed by CBS’s 60 Minutes, which just completed its fifty-fourth season.


The Price Is Right has outlasted most game shows that launched later. The morning primetime TV calendar no longer includes game shows like Press Your Luck, Wheel of Fortune, or Let’s Make a Deal. Family Feud and Wheel of Fortune have persisted with some interruptions, albeit not in an a.m. timeslot. Let’s Make a Deal has come and gone multiple times, while Press Your Luck was in the game show graveyard until a recent primetime revival. Each of these other game shows, while entertaining, lacks a meaningful strategy component. The Monty Hall problem in Let’s Make a Deal is one element of strategy—but only one. And strategy in Wheel of Fortune—namely picking the most common consonants and vowels in the alphabet first—is fairly superficial. In fifty years, no studio has created another game show that is so rich in strategy and that combines knowledge, strategy, and luck so effectively.


The Price Is Right, by contrast, is a strategic and mathematical wonderland. Viewers have always sensed the math behind the show and its various components, even if they have not fully understood it. They know that probabilities dictate the value at which one should stop after his first spin in the Showcase Showdown, even if unable to calculate that number. Viewers know there is strategy to bidding in Contestant’s Row. Most realize that the last bidder should bid $1 above one of the prior three bids or bid $1 if he strongly believes the other three contestants have gone over. But how should the first three bidders bid, knowing that the last bidder, if sensible, will pursue the aforementioned strategy?


I have wanted to write Solving “The Price Is Right” for more than a decade. CBS All Access helped make this possible, giving me easy access to 189 shows from season 47, which ran from September 2018 to July 2019, and 167 shows in season 48, which ran from September 2019 to June 2020.


When I set out, the goal of this book was to introduce The Price Is Right to the mathematical world and to introduce the show’s more than five million average daily viewers to all the exciting math behind the show. To create a reference manual for regular viewers, a book of interesting problems for educators, and an introduction to the world of pop culture math for analytically minded individuals.


As I wrote the book, colleagues asked me what I thought were the grand conclusions. I initially did not have a great answer, as each game is its own mathematical problem with its own solution. I set out to write a book that compared contestant performance to optimal strategic play. I had expected performance to reflect a watered-down version of those strategies, sort of like an error-prone computer. What I found was better-than-expected rationality and strategy in certain areas, but also a set of biases and phobias in other areas that limited strategic play far more than I anticipated. Contestant behavior is where the general conclusions in the book lie, with numerous prescriptions for our everyday lives.


In Solving “The Price Is Right,” I have attempted to reverse engineer most of the math behind the show. Not all the math was straightforward, and I persevered through some difficult problems. But my achievement should not overshadow the mathematical talent that created the show’s games and fine-tuned those games to produce the desired winning frequencies and expected win values. And they modified the games over the years to improve them mathematically and aesthetically while preserving their classic, timeless appeal.


This book is dedicated to my wife, Lisa, and my boys, Matthew and Alex. They put up with hundreds of “Come on downs” and “ding dings” during my two years of binge-watching the show. My boys each watched more than a hundred episodes, becoming more curious intellectually and mathematically along the way.


I began my foray into the world of advanced math as a student of Peter Kelley, now academic dean of St. Albans School in Washington, DC. With dry wit, Peter introduced me to the eye-opening world of calculus, which was an entrée to the extraordinary world of advanced math. Learning about limits and using them to calculate derivatives under Peter’s teaching will always be one of the most illuminating academic exercises of my life.


After high school I completed a combined major in economics and mathematics at Yale University. In economics, I focused on game theory. My senior thesis explored the “roommate problem”—namely how to create a bidding system that divvies up rental rooms efficiently based on roommates’ preferences and ability to pay while raising the necessary total rent. I was advised by Yale University James Tobin Economics Professor John Geanakoplos and visiting Harvard Kennedy School professor Chris Avery. I also enjoyed the mentorship of Stanford Graduate School of Business professor and game theorist Jeremy Bulow, who taught a seminar in “auctions and pricing” as a visiting professor at Yale.


In mathematics, I enjoyed courses in probability theory. Probability has been integral to how I think and see the world, and it is a blessing to be able to apply it so broadly in this book. Solving “The Price Is Right” does not require an advanced math degree. Some of the probability and game theory may require college math coursework for a fuller understanding. If you lack these tools, it is not too late to learn them. Probability and game theory are eye-opening topics in math, worthy of study into one’s adult years.


Solving “The Price Is Right” focuses on the strategic, heuristic, and psychological methods that can improve contestant performance on the show. Heuristics refer to pricing conventions that could change at any time, like car prices often ending in zero in certain pricing games. Strategy refers to “game plans,” usually mathematically underpinned, that will improve a contestant’s outcome regardless of pricing conventions. The strategies are inherent in the design of the games, whether in Contestant’s Row, the Showcase Showdown, or the show’s seventy-seven pricing games. Psychological adjustments speak to undoing the biases that can limit contestant success on and off the show.


All of the observations in this book, except where noted, are my own, based on the full data set across seasons 47 and 48. I have avoided discussing product knowledge as it relates to the pricing of smaller items and larger prizes. Clearly product knowledge is another key to success on the show. But it was of less interest to me and is the subject of the 2017 documentary, Perfect Bid: The Contestant Who Knew Too Much.


I am thrilled to share the mathematical underpinnings of The Price Is Right with the show’s millions of viewers. The show has maintained its mathematical mystique during Bob Barker’s thirty-six years as host (1972–2007) and Drew Carey’s fifteen-year-plus tenure (2007–present). So buckle up! Put your math caps on! Let’s get ready to reverse engineer America’s favorite game show.
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Key Observations


Given the diverse construct of games across The Price Is Right (TPIR), there is no universal strategy or set of heuristics to highlight, mathematical or qualitative. Each game is very different. What stood out were the contestants’ psychological biases and anxieties that limited strategic play. Some of the biases are likely exploited by TPIR for dramatic effect or to manage the win rate in certain pricing games. Although I am not an expert in psychology, the biases are clear, and one can hypothesize the likely causes.


To understand the biases, imagine yourself as a contestant on the show. When you are told in Contestant’s Row that the winning bid is the bid that is closest to the retail price without going over, it is easy to fixate on the “not going over” condition of winning rather than the need to be closer to the retail price than the other three bidders. If you are playing Range Game, would TPIR really make you wait thirty-five seconds for the range finder to fall into the middle of the $600 range, where most prize values fall? Most of these psychological biases are readily correctable. Simply remind yourself that there is no benefit in making the second-best bid in Contestant’s Row—and that TPIR includes the full $600 range in Range Game for a reason. You may be surprised that the biases observed on the show appear in numerous other walks in life, particularly in business and finance.


Seven Psychological Suppositions


Note the term “he” and “his” are used throughout this book to indicate both men and women.




	Underbidding bias: Underbidding in Contestant’s Row was egregious. The highest bid won a staggering 53% of the time. The proclivity to underbid by Bidders 1–3 was so large that the last bidder won a jaw-dropping 64% of the time when he made the highest bid. Underbidding was also evident in many pricing games and in the first showcase.



	Anchoring in Contestant’s Row: There are many examples of the blind following the blind in Contestant’s Row bidding. Anchoring was most notable for low initial bids and high initial bids, with the later bidders often following with low or high bids. Bidder 2 and Bidder 3’s influenced bids had the effect of narrowing the range of possible prize values over which their bids would prevail.



	Showcase second-bidder paranoia: The contestant bidding on the second showcase played it too tight with his bids and overbid so much as to reduce his overall odds of victory. Overbidding was particularly pronounced for lower priced showcases presenting second, occurring 45% of the time.



	Good innate probabilistic thinking: Decisions about when to spin again and when not to spin again in the Showcase Showdown were mostly on target and are an indication of our good intuitive grasp of probabilities. The same can be said about decisions to stop for cash rather than play for the main prize in certain pricing games.



	Poor out-of-the-box thinking: The pricing games Cover Up and Grocery Game test a player’s out-of-the-box probabilistic thinking, and most contestants failed on this front.



	Overbidding with reference price: Contestants chose high-priced options too frequently in pricing games with reference prices, including Double Prices and Coming or Going. In contrast, underbidding was pronounced when there was no reference price, for example, in Check Game.



	Time is not your enemy: Contestants underachieved in games in which they needed to wait for the price to get high enough, including Card Game, Range Game, and That’s Too Much. Contestants were not so much impatient as they were anxious about not acting soon enough to callthe price.





Let’s discuss each of these shortcomings, possible causes, and applicability outside of the show.


Underbidding Bias


If I could suggest one adjustment to improve contestant performance on the show, it would be to do away with the underbidding bias in Contestant’s Row, which serves to further advantage the last bidder.


Reasons for potential underbidding range from the fear of going over to the unfamiliarity of the item up for bids. Being accustomed to sale prices and being unaccustomed to high-end brands or features also led to underbidding. Why the fear of going over? Winning in Contestant’s Row is presented as “closest to the actual retail price without going over.” Contestants’ first reaction is to think that they cannot win if they go over, rather than to think that they have little chance of winning if they do not risk going over. The initial conditioning makes them concerned about going over, which causes them to underbid.


How do I know that underbidding disadvantaged earlier bidders? Bidder 4, who won 40.6% of bidding rounds, won 64% of the time with the highest bid and could have won 50% percent of bidding contests had he always bid $1 more than the prior highest bid. Moreover, overbids only represented 24% of bids. However, most situations where all four contestants overbid were unaired, and it is likely that overbids represented closer to 30% of all bids. Overbids should represent about 40% of bids with strategic play and be more prevalent among earlier bidders.


Interestingly, in the sixth and final bidding round, contestants overbid with a higher 31% frequency. By that point, contestants fear not making it out of Contestant’s Row. They snap to their senses and underbid less meaningfully. The conclusion here may be that we are quite attuned to whatever we are presently nervous about, and that can throw off our decision making. Look no further than the COVID-19 pandemic. In spring 2020, I saw folks walking on the shoulders of busy streets to avoid passing someone on the sidewalk, trading a very small risk of contracting COVID-19 outdoors with a much higher risk of being hit by a car.


Unfamiliarity of the item up for bids is also a key factor in underbidding. When people do not understand an item’s value, they value it less. Whether shopping at the store or buying electronics, they are less likely to pay up for a product they do not understand. In the business world, when companies are being sold, bidders often increase their bids only after they are provided with additional information with which to value the businesses. Clearly bidding in Contestant’s Row is not shopping in a store or buying a company. One has to be closest to the actual retail price, versus making a bid tied to features of the product that the contestant understands.


Bid Anchoring in Contestant’s Row


The goal in bidding in Contestant’s Row, as I detail in chapters 2 through 5, is to put forth a bid that can win over a wide range of likely prize values. Specifically, how can a contestant’s bid, when stacked up versus prior bids and bids yet to come, maximize his probability of winning the item up for bids? Bidder 1’s bid should strategically influence Bidder 2’s bid, and Bidder 2’s bid should strategically influence Bidder 3’s bid. Bidders should want to place bids that have a good probability of prevailing, rather than offering the best point estimate. Only the last bidder has complete control over which prize values his bid will prevail, and the next-to-last bidder also has a good degree of control. Earlier bidders need to consider how Bidder 4 will react to their bids, lest Bidder 4 essentially zero out the range of prize values over which they can win by bidding $1 more.


Notably, Bidders 2–4 often anchor their bids to prior bids. If Bidder 1 bids low, Bidders 2 and 3 are more likely to presume that the price of the item up for bids is low and bid accordingly. If Bidder 1 bids high, Bidders 2 and 3 are more likely to bid high. Even if Bidders 2 and 3 do not materially adjust their estimates, they may subconsciously deliver bids that are anchored by prior low bids or high bids. To some extent a bidder should be influenced by prior bids, but not to such a large extent that it leads to the “blind following the blind.” Moreover, his attention may then drift toward trying to deliver the most accurate bid versus the most strategic bid—namely, one that is likely to secure a portion of the number line offering the greatest probability of success.


Evidence of outsized anchoring in Contestant’s Row is visible in the larger-than-expected number of rounds with zero overbids and the larger-than-expected number of rounds with three bidders going over. Why? When Bidder 1 goes low, it is very common for subsequent bidders to also go low, creating a zero-overbid outcome. Likewise, when Bidder 1 bids very high and overbids, Bidder 2 and Bidder 3 often follow Bidder 1 in bidding too high. It is impossible to know with certainty what are rational versus irrational adjustments to prior bids on The Price Is Right. But it is noteworthy how often impressionability, rather than strategy, drives the behavior of Bidders 2 and 3, who should be focused on securing a sizable portion of the number line.


Readers should not be surprised about bidder anchoring on TPIR. Bidders in auctions and companies bidding on assets are influenced by other bidders, although usually in the direction of paying too much. When investing, individuals often anchor to their purchase price as a gauge of when to sell a stock, frequently holding on to an underwater investment until it returns to their purchase price. Anchoring can affect a broad swath of market participants as well, causing a stock’s trading multiple to remain at a discount or premium to peers based on prior business conditions rather than the current outlook.


Showcase Second-Bidder Paranoia


Excluding special shows with higher showcase values, the contestant bidding on the second showcase went over 30% of the time, versus 19% on the first showcase. To put this in perspective, 30% is likely higher than the percentage of overbids in Contestant’s Row, despite three competing bids in Contestant’s Row versus one in the showcase. I show how bidders in Contestant’s Row do not bid aggressively enough, but also how contestants bidding on the second showcase bid too aggressively. Because the contestant bidding on the second showcase went over 30% of the time (24% of the time, excluding double overbids), he would need to have won two-thirds of the time he did not go over to match the success of the first bidder. Clearly this is not a winning formula.


Nor is the tendency to go over on the second showcase tied to the magnitude of the bid on the first showcase. Often the contestant bidding on the second showcase simply got nervous after witnessing the other player bid on the first showcase. He assumed the first bid was competitive, causing him to bid too aggressively, for no other reason than that the first bid was made. This dynamic is pronounced for less expensive second showcases. For more expensive second showcases, the anxiety also drove more aggressive bids, but this anxiety favorably offset a proclivity to underbid on such showcases.


What does this mean for human behavior? Consider a head-to-head sequential contest in which the first contestant has played but not been judged—for example, the closing arguments in a court case. Might the defense respond too forcefully after hearing the prosecution deliver its closing argument, squandering what should be a benefit in going second? Or, in the final round of a job interview, might a candidate get nervous about the other one or two interviewees and try to oversell himself?


Good Innate Probabilistic Thinking


The first and second spinners in the Showcase Showdown generally made sound decisions as to when to spin again and when not to spin again. The first spinner should spin again at $0.65 and less. For the most part he did, only stopping occasionally at $0.65 or less. Same for the second spinner, who should spin again at $0.50 or less, provided he has exceeded the total of the first spinner. For the most part he too made the right decision.


Sound probabilistic decisions can be witnessed in Let ’Em Roll, Pass the Buck, Spelling Bee, and Temptation, with the contestant correctly choosing when to stop for cash or prizes versus playing on for the car. Contestants understand probabilities, even if they cannot make perfect calculations on the fly in their heads. This should come as no surprise. Probabilistic thinking is an evolutionary selected trait.



Bad Out-of-the-Box Probabilistic Thinking


Whereas contestants showed sound probabilistic thinking in straightforward games, they mostly failed to apply out-of-the-box strategies to improve their odds in more complex games. Consider the pricing game Grocery Game, in which contestants buy a self-specified number of different grocery products such that the total value falls between $20 and $22. Many tried to win with a specified quantity of one item, squandering the optionality and superior odds associated with choosing various quantities of multiple items to gradually build up to the $20 to $22 level. A similar dynamic occurred in the pricing game Cover Up, which we consider at length in our discussion of car pricing games in chapter 18.


It should come as no surprise that TPIR contestants predominantly fail at out-of-the-box thinking in an unfamiliar probabilistic game carried out in a time-pressured situation. People struggle with out-of-the-box solutions in familiar, non-probabilistic situations, before considering probabilities and time constraints. Still, Cover Up and Grocery Game can each be made easier by extending the game. Whether in a job interview or the negotiation of a government fiscal bill, there are benefits to extending the game to work through trickier issues.


Erring High with Reference Price


It might surprise readers to learn that contestants are biased toward choosing too high of a price in certain pricing games. Overbidding generally occurs when the contestant has a reference price and is given two options, including in Double Prices, Coming or Going, and Side by Side. Similar to overbidding on the second showcase, this behavior runs counter to the more frequent bias to underbid in Contestant’s Row and in pricing games without reference prices.


How does one explain this dichotomy if one believes a contestant’s natural inclination in The Price Is Right is to underbid? Contestants seem to not want to believe the show is stingy, which it is not. But TPIR creates a range of prizes and prize values, some less valuable than others. About 30% of prizes in pricing games are worth less than $8,000. When a contestant sees two possible prices for a prize, such as $6,650 and $8,750 in Side by Side, he leans toward $8,750. Contestants may anticipate more potential regret if they err by guessing the less expensive price, as they generally believe that TPIR does not want to give away a more modest prize. We see an analogue between luxury goods and contestants erring high. For certain luxury goods, the price conveys quality and prestige, and the consumer becomes more likely to purchase the item in question if the price is higher (to a point).


Conversely, when there is no reference price, such as in Check Game and Magic Number, the contestant is less likely to see the underlying value in the prize and therefore underbid. In this setup he may be less inclined to associate a lower priced prize with TPIR being stingy.


Time Is Not Your Enemy


Contestants underachieved in all three pricing games when it took time for the price to increase to the target level or range, notably Card Game, Range Game, and That’s Too Much. Waiting for the price to get high enough seemed to make contestants anxious, and that anxiety frequently caused them to act too soon. (Note that the price moves in only one direction in these games.) Card Game is the best example, as it takes an average of 8.5 draws to get from the $15,000 starting point to a $21,000 price, assuming no ace draw. No car in Card Game was ever priced less than $21,000.


The real-life lesson is that we are not conditioned to succeed at games that make us wait. Knowing that we need to make a decision while the clock ticks makes us anxious, and that anxiety can cause us to act too soon. Consider buying a house. The best way to get a good deal on a house purchase, if not in a super tight market and if not in a rush to move, is to wait for the list price to be lowered. If worried about the house being sold to another buyer, inform the selling realtor of your interest and ask that he contact you if there is other buyer interest. But waiting causes anxiety, which often causes buyers to make an offer before the price is lowered.









Part I


Competitive Contests: Performance, Strategy, and Life Lessons
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Contestant’s Row Observations


Come on down! You are the next contestant on The Price Is Right! Bidding in Contestant’s Row is the epicenter of the show. It occurs six times on every show, takes up close to one third of the show’s airtime, and must have a winner each round. Getting called down to Contestant’s Row from the audience is the height of excitement for an attendee of the show. Only nine out of roughly three hundred individuals in the audience, or 3%, are called down to Contestant’s Row. They are selected based on their enthusiasm, eccentricities, and with an eye toward diversity across the show.


Six of the nine participants in Contestant’s Row make it on stage to play a pricing game. About half of the six win their pricing game. Two of the six who get out of Contestant’s Row win the Showcase Showdown to make it to the Showcase, where one contestant wins a fabulous collection of prizes typically valued between $20,000 and $40,000, assuming both Showcase participants do not overbid. Being called down to Contestant’s Row is the winning lottery ticket by which one becomes a contestant on The Price Is Right, with good odds of winning valuable prizes.


In Contestant’s Row, an item typically priced in the $500 to $2,500 range is presented for bid. Occasionally—for example, on special shows—items for bid can be priced considerably higher. The item may be displayed on stage (often durable goods), rolled across the stage (small vehicles), transported across the stage on The Price Is Right train, or descend from above (typically jewelry and small electronics). The four contestants bid on the actual retail price of the prize in sequential order, and the contestant bidding closest without going over wins that prize and comes on stage to play a pricing game. If a contestant guesses the exact price, he wins an additional $500 cash bonus, which occurred seventy-one times (3.3%) in seasons 47 and 48.




[image: ]

Figure 2.1 Contestant’s Row Bidding—Episode 9,000, Season 48. Getty Images





Sequential order runs from left to right for the four contestants, with each empty seat being replaced by a new contestant from the audience. That new contestant bids first, with the bidding again going from left to right and wrapping back around. If all four contestants’ bids are over the actual retail price, the bidding starts again in the same order.


Contestant’s Row is the most strategically and mathematically complex part of the show. It is a sequential game with four contestants, each of whom has his own best estimate of the price of the item up for bids, and some semblance of a probability distribution around those estimates. Regular viewers of the show likely recognize the advantage of and strategy for bidding last. The last bidder can clip an earlier bidder by bidding just above a prior bid, thereby setting the high bid or choosing one of the two ranges on the number line between the first three bids. Or the last bidder can opt for the popular and dramatic $1 bid, wagering that the three earlier bidders have gone too high. By contrast, earlier bidders have to worry that a later bidder will take away some of the range from their preliminary claims or nearly all of the range in a clipping situation.


Viewers might observe that the highest bid disproportionately wins, particularly for more expensive items. Seasons 47 and 48 indicate a clear bias toward underestimating the value of the item up for bids. There is also evidence of later bidders being overly influenced by earlier bidders. For example, a low first bid may trigger a low second or third bid, as later bidders rebase their estimates. Separately, for strategic reasons, a later bidder may go high if earlier bidders have gone low.


CHAPTERS 2 THROUGH 5 ANALYZE CONTESTANT’S ROW IN FIVE STAGES




	Results: What do the 2,136 instances of Contestant’s Row bidding across 356 episodes reveal? How often does the first bidder win? And the last bidder? How often does the highest bid win and how does that vary with the price of the item up for bids?



	Bad strategies—real-life examples: It is easier to learn based on wrong strategies before trying to expound on the correct strategies.



	Qualitative observations: Based on the results, what conclusions can be drawn about good and bad bidding behavior? What does this say about our ability to strategize effectively and our psychological biases?



	Game theory solution: I introduce game theory concepts for sequential games. I then create a simplified version of Contestant’s Row bidding, a sequential game, to arrive at a discrete solution. Finally, I loosen the restrictions to arrive at qualitative strategies for each of Bidders 1–4.



	The best strategies: Using qualitative observations and game theory analysis, I articulate strategies for astute bidding, from the last player back to the first. I use examples to highlight good strategic play for each of Bidders 1–4.





Results


In seasons 47 and 48, there were 356 episodes broadcast on CBS All Access for a total of 2,136 instances of Contestant’s Row bidding. With nine people in Contestant’s Row on each show, there were a total of 3,209 contestants: 1,266 of the contestants were male and 1,898 were female, for a 40/60 split. The remaining 45 “contestants” were couples or families on five special episodes (Valentine’s Day twice, pre-Christmas twice, and Manuela’s Baby Shower episode).*


Bid order is the largest determinant of success, as seen in Figure 2.2. The fourth bidder, “Bidder 4,” unsurprisingly performed very well, winning 40.6% of the time. “Bidder 3” won 21.7% of the time, modestly better than the second bidder, “Bidder 2” (19.9% win rate), who performed modestly better than the first bidder, “Bidder 1” (17.7% win rate). Bidder 2 and Bidder 3 each benefited some from mistakes made by earlier bidders.
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Figure 2.2 Wins by Bid Order and Prize Value





Items up for bids had a broad price range. On the low end, about one in six items had a value less than $750. On the high end, nearly one in five had a value greater than $2,000, inclusive of special episodes (e.g., Big Money Week). Prize values averaged $1,458, with a median value of $1,299. The median is less affected by the higher priced outliers. The lowest prize value observed was $500, calling into question any bid below $500. The three highest priced items up for bids were (1) a $13,645 six-night trip to Monte Carlo on October 17, 2019; (2) a $6,749 Yamaha Upright Piano on January 24, 2020; and (3) a $5,700 Rolex watch on the December 31, 2019, New Year’s special. There were another ten prizes in Contestant’s Row priced between $4,000 and $5,100.


Bid position was most impactful when the item up for bids was priced in the average or somewhat above-average range (i.e., $1,000 to $2,000). Per Figure 2.2, when the prize had a value of between $1,000 and $1,999, Bidder 4 won 43% of the time, compared to 37% for prizes priced less than $1,000 and 41% for prizes priced more than $2,000. Interestingly, for prizes less than $1,000, Bidder 1 modestly outperformed Bidders 2 and 3. When the item up for bids was priced very high, Bidder 3 seemed to benefit at the expense of Bidder 1.


While win rates were mostly consistent across rounds, it is noteworthy that Bidder 4’s win percentage was highest in round 2, at 45%, once he realized his leverage from bidding last, but before earlier bidders figured out how to counteract that leverage.


The other standout driver of bidding success, perhaps the most meaningful, is having the highest bid, which I designate as Bid Rank 1 (and the lowest as Bid Rank 4). An astonishing 53% of bidding rounds were won by the highest bid, whereas approximately 16% of wins went to each of the second highest, third highest, and lowest bids, as seen in Figure 2.3 and 2.4.
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Figure 2.3 Success of High and Low Bids
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Figure 2.4 Success of High Bids by Bidder Rank





Only Bidder 4 controls whether he is the highest bid, by virtue of bidding last. Still, Bidder 1, Bidder 2, and Bidder 3 each won more than 40% of the time when their bids ended up as the highest bid. Bidder 4 won an astonishing 64% of the time when he placed the highest bid.


Winning percentages were considerably lower for bidders submitting lower bids, and this held true for each of the four bidders. The second highest bid performed the worst, except for Bidder 4, who had his next best result as the second highest bidder. This reflects the highest bid often being $1 above the second highest bid, versus anything inherently problematic with the second highest bid.


Figure 2.5 shows two representative bidding events, with a prize value close to the median observed bid, and Bidder 4 winning with the highest bid that just clips the next highest bid. Throughout this book, the bidders are listed in their order of bidding, not their left to right position.
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Figure 2.5 





Finally, consider bidding slightly over a prior bidder (“clipping”) and the celebrated $1 bid. I consider bids up to $5 more than a prior bid as clips. Quite a few players, to be considerate, clip an earlier bid by bidding $5 more. If a bid clips two prior bids, I classify it as having clipped the latter of the two bidders. For example, if Bidder 2 bids $900, Bidder 3 $901, and Bidder 4 $902, I count Bidder 4 as having clipped Bidder 3 and Bidder 3 as having clipped Bidder 2, but not Bidder 4 as having clipped Bidder 2. For $1 bids, I include bids of $100 or less, since the intent is the same—namely submitting the lowest bid and avoiding any risk of going over.


Bidder 4’s chances of winning are clearly maximized by clipping earlier bidders. Bidder 4 won 53.9% of the time when clipping earlier bidders (520 out of 965 rounds, as seen in Figure 2.6) versus 29.6% of the time when not clipping a prior bid (347 out of 1,171). Bidder 2 and Bidder 3 did not meaningfully improve their performance by clipping a prior bidder, given that Bidder 4 often did the same, drastically limiting their upside.
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Figure 2.6 Clipping Prior Bids





The $1 bid seems to generate more crowd applause than it does bidding success. Not surprisingly, $1 bids by Bidders 1–3 prevailed infrequently, but even Bidder 4 won only 26.1% of the time with a $1 bid, as seen in Figure 2.7. That was below his overall 40.6% win rate, and below the 44% win rate he would have achieved on those occasions had he instead clipped the highest bid by $1.
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Figure 2.7 $1 Bid Performance





Whereas Bidder 4’s superior options are to clip an earlier bidder or bid $1, he only clipped another bidder or bid $1 in 1,325 out of 2,136 bidding rounds (62% of the time). The other 38% of bids were inferior bids—namely, bids that categorically reduced the range of values he could win over. Notably, the frequency of inferior bids by Bidder 4 decreased as the show progressed, with only 31% of bids inferior in the sixth and final round of bidding. This is evidence of Bidder 4 learning as the show progresses.


The strategies for Bidders 1–3 are less straightforward. They lack the advantages of Bidder 4 and have to anticipate the likely actions of future bidders. Still, they can improve their odds if they can deliver bids that remain credible but reduce the likelihood of being clipped by a later bidder. They can also bid higher, given that the highest bid prevailed more than half the time. Alas, they often do not prepare ahead of time because they do not know if they will be called down to Contestant’s Row, in contrast to contestants on Jeopardy, who are chosen in advance.


The 1996 academic article “The Price Is Right, But Are the Bids? An Investigation of Rational Decision Theory,” published in American Economic Review, discusses the topic of bidder learning in a more detail.† What was noteworthy in seasons 47 and 48 is that Bidder 4’s win rate did not increase in the later rounds despite more optimized bidding, suggesting that Bidders 1–3 also became more effective in their bidding.


* There were five additional contestants (fourteen instead of nine) on a college football rivalry episode that aired November 27, 2019.


† Jonathan B. Berk, Eric Hughson, and Kirk Vandezande, “The Price Is Right, But Are the Bids? An Investigation of Rational Decision Theory,” American Economic Review 86, no. 4 (Sept. 1996): 954–970.
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Contestant’s Row


Underbidding and Anchoring


The bidding results from seasons 47 and 48 presented in chapter 2 are illuminating. I wanted to allow the reader some space to form his or her own conclusions before offering my own hypotheses. Now let’s dig into the reasons behind the results and discuss relevant examples.


BIDDER 4 IN POLE POSITION


The last bidder’s chance of winning with strategic play must be at least 1/3, and potentially much higher. He always can bid $1 above Bidders 1, 2, or 3, or bid $1 if he feels strongly that the other bidders all overbid. By bidding $1 more than another bidder, Bidder 4 effectively reduces the contest from four to three bidders, since the clipped bidder cannot win short of getting the price right on the nose. Specifically, Bidder 4 should clip whichever bid he feels is closest to the actual retail price without going over. Even if he thinks all prior bids are over, he may still be best served by clipping a prior bid. If all bids are over, the bidding restarts in the same order, so Bidder 4 would again be able to bid $1 more than one of the first three bidders. That is not to say that Bidder 4 should never bid $1, just that there is no reason to do so unless he thinks his chance of winning is at least 1/3. Because Bidder 4’s win probability with informed play is at least 1/3, Bidders 1–3 on a combined basis should win less than 2/3 of the time, which averages to less than 2/9 per bidder.



UNDERBIDDING BIAS


The highest bid winning 53% of the time is a startling statistic. Clearly this is not due to chance or solely due to the strategic interactions among the various bidders. It must be that bidders have a proclivity to underbid, which is not strategic in nature. Bidder 4 is positioned to take advantage of these downwardly biased earlier bids. Meanwhile, earlier bidders should clearly be bidding higher. Bidder 4 is not immune from underbidding either. Bidder 4 could have chosen to be the highest bidder in each of the 2,136 bidding contests by always bidding $1 more than the highest prior bid. He would have prevailed 50% of the time, significantly improving on his observed 40.6% win rate in seasons 47 and 48.


I observe seven principal reasons for underbidding, although there may be other causes.




	Fear of going over: The phrase “closest to the actual retail price without going over” instills a fear of going over. Contestants do not want to be disqualified from having their bid reviewed. However, this fear is illogical. Bidders 1–3 should be willing to risk bidding too high because their probability of winning is small, with respective win rates of 17.7%, 19.7%, and 21.7% in seasons 47 and 48. Each would have been well served to risk going over half the time if he could have won half the time when he did not go over (for a 25% win rate). The presence of four bidders enhances the risk/reward of bidding high. As a thought exercise, consider a hypothetical Contestant’s Row with ten bidders instead of four. Here a bidder should have virtually no concern about overbidding, because his chances of winning are so low to start.



	Bids based on sale prices: Many people buy items on sale, not at retail. This biases bids downward, particularly for items often found on sale. In contrast, categories like electronics are often not found on sale, so contestants are less likely to underbid. Short vacations often trigger bids far below the retail price, as contestants are not accustomed to paying hotel rack rates. Some contestants seem to bid as if they are buying products rather than trying to win a game, thus amplifying the sale impulse.



	High end brand/features: Many familiar products like TVs still result in underbids because they include premium features that contestants are not accustomed to paying for. Other times the brand is more premium than what a contestants would purchase on their own dime.



	Multiple-item mistakes: Some prizes, like watches and luxury goods, include two to six items. The items are shown quickly, and the bidder must estimate a retail price quickly. Unless the bidder estimates the price per item separately, he may simply estimate a value for the whole prize package rather than a value per item multiplied by the number of items. This approach usually leads to an underbid.



	Unfamiliar items: An unfamiliar item can trigger a broad range of bids, some meaningfully lower than the actual retail price, and some meaningfully higher. However, the low bids seem to outnumber the high bids as unfamiliarity typically leads to underestimation.



	Bids less than $500: There were no items for bid that were priced less than $500 in seasons 47 and 48. One should therefore always bid at least $500, except for $1 bids. Many contestants however, bid $400 to $500 on less expensive items.



	Influenced bids: Later bids are unduly anchored by earlier bids, causing underbidding to propagate to later bidders, regardless of the initial causes.





The implications of bids being biased low are many. For starters, the $1 bid loses its efficacy, because one is bidding less than bidders whose bids are inherently biased downward. This explains why Bidder 4 did worse with a $1 bid than he would have done as the highest bidder in those same bidding rounds.


It follows that Bidders 1–3 should have more success getting out of Contestant’s Row when there are lower priced items up for bid, as was observed. Lower priced prizes rarely consist of multiple items and are often easier to approximate. The absolute dollar variation of such items tends to be lower, and bids tend to be closer to the actual retail price.


EXAMPLES OF UNDERBIDDING


There are hundreds of examples of underbidding that reflect the various biases discussed above. Because multiple biases are often at play in a given round of bidding, I highlight examples where a single bias stands out.


Fear of Going Over


A bid for an exercise bike had Bidders 1, 2, and 3 all bidding $1,000 or less, allowing Bidder 4 to bid $1,001, with an ample $298 cushion to the $1,299 actual retail price (see Figure 3.1).
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Figure 3.1 





One might have expected earlier bidders to anchor at or above the $1,000 level, as cardio equipment usually prices above $1,000. Relative to that $1,000 reference point, Bidder 1’s $900 bid was a modest underbid, whereas Bidder 3’s $600 bid was a significant underbid. Perhaps because of Bidder 1’s low initial bid, Bidder 2 did not come in at a significant enough premium to avoid being clipped by Bidder 4.



Bids Based on Sale Prices


Vacation bids are a good example of contestants underbidding based on sale prices versus retail prices. Vacations offered in Contestant’s Row are more modest getaways than vacations offered in pricing games, typically two to four nights at a hotel or resort that is a short flight or limousine ride from Los Angeles. The lodging is usually the key component in the price of the vacation. The example in Figure 3.2 is for a four-night vacation to Lake Tahoe for two, including airfare and car rental.
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Figure 3.2 





Here the average bid was roughly half the prize value, a discount that is fairly representative of bids for other vacation packages in Contestant’s Row. In Tahoe, most hotels are connected to a casino, and hotel rates tend to be lower as a means of drawing customers to the casino. But The Price Is Right (TPIR) asks contestants to bid the actual retail price, not the sales price.


High End Brand/Features


Electronics often include premium features on everyday products, features that contestants are not informed about and are unlikely to buy. The example in Figure 3.3 is a fifty-five-inch OLED 4K TV for bid in late 2018, when OLED was not the standard.
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Figure 3.3 





Only Bidder 2 was at all close to the retail price. The others missed the added value of the OLED display.



Multiple Item Mistakes


In about one in seven bidding rounds, the item up for bids consists of multiple items, like a collection of watches or luxury goods. Some contestants make a bid that seems substantial in total but not on a per-item basis. Consider the example in Figure 3.4, with six Cole Haan luxury goods items.
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Figure 3.4 





Bidder 1 and Bidder 2 placed bids equating to $200 per item, which seemed too low. Bidder 3 adjusted upward to a price of $2,000, or $330 per item, taking advantage of the downward bias of the first two bidders. Unfortunately for Bidder 3, Bidder 4 decided to go $1 higher and emerged victorious.


Unfamiliar Items


Contestants tend to bid too conservatively on unfamiliar items. For example, what does a Bluetooth-enabled jukebox cost? I am not sure, nor are most contestants. Perhaps as a result, the highest of the first three bids came in 40% below the actual retail price (Figure 3.5).
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Figure 3.5 





A similar dynamic was observed on a show two days prior—the item up for bids was a turntable package with ten albums. The highest of the first three bids, $888, was more than 40% below the actual retail price of $1,523, with Bidder 4 bidding $900 and prevailing. When bidding on unfamiliar items, contestants should remind themselves that the median item up for bids was priced at $1,300, at least during seasons 47 and 48. They would be wise to anchor their bids for an unknown item around $1,300 instead of $1,000 or less.


The tendency to bid low on unfamiliar items can amplify other biases. For example, a contestant already fearful of going over may find this fear elevated if the item up for bids is unfamiliar.



Bids Less Than $500


Items up for bids were never priced less than $500 during seasons 47 and 48. This is not an accident, but a purposeful decision by TPIR to auction items with meaningful value. Any bid less than $500 is ill advised, and bids slightly more than $500 may also be too low (Figure 3.6).
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Figure 3.6 Ping-Pong Table, Basketball Net, Golf Set, Rebounder





In the example in Figure 3.6, the indoor games had a very low $531 retail price. But the first three bids were all less than $500, with Bidder 2’s $450 high bid prevailing.


The highest bid prevailed most frequently except when the item for bid was valued at less than $750 (see Figure 3.7). For sub-$750 items, the lowest bid (Bid Rank 4) prevailed 38% of the time, whereas the highest bid (Bid Rank 1) prevailed 25% of the time. Once the prize values exceeded $750, the highest bid was more likely to win than the lowest bid. And for expensive prizes, the success of the highest bid was nothing short of exceptional. The highest bid won 66% of bidding rounds for prizes priced between $1,500 and $2,000, and 81% of bidding rounds for prizes priced more than $2,000.
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Figure 3.7 Win Frequency by Bid Rank, Prize Price





In the 1996 academic article, “The Price Is Right, but Are the Bids?” contestant underbidding was less pronounced. Although the sample size of 372 bidding rounds was small, contestants overbid 33.2% of the time then versus 24.2% during seasons 47 and 48. Surprisingly, 12.9% of bidding rounds in the 1990s had all four players going over versus 0.6% as aired in seasons 47 and 48. I believe about 5% of rounds had all four players going over, with most joint overbids not aired to create more time for commercials. Five percent of rounds rebid would translate to overbids occurring about 27.5% percent of the time. In the mid-1990s, Bidder 1 underbid far less, and other bidders likely followed his more aggressive lead. So why the difference today? Perhaps sale prices are more prevalent today than twenty-five years ago, whereas unfamiliar items up for bids show up more frequently. These factors likely cause Bidder 1 to bid cautiously, which in turn anchors other contestants.* Harvard professor Jonathan Hartley hypothesized about additional causes in his paper “Inattention and Prices over Time: Experimental Evidence from ‘The Price Is Right.’”†




Undoing Underbidding


Underbidding on The Price Is Right has numerous implications for consumer behavior. If contestants on TPIR are inclined to underbid when it is not in their best interest to do so, imagine how much stronger these forces are for consumers in the real world. The causes of underbidding provide a blueprint for what sellers of goods and services need to undo in order to command near-retail prices. For starters, don’t let buyers get too accustomed to sales prices. Perhaps discount for special events, but do not discount regularly. If the product is a high-end brand or has high-end features, make sure the consumer understands the brand value or the added value of the features. Many top-tier international brands cannot command a premium in the US market because they lack name recognition in the United States. Consider, if possible, having high-end features offered a la carte versus built into the product. Educate, expose, and explain, because an unfamiliar item will be discounted by consumers. When companies are being sold, bidders often increase their bids only after they are provided with additional information with which to value the businesses. Those in marketing for large corporations understand the aforementioned considerations and so much more, but for many small business owners, these strategies may not be as familiar.





OVERBIDDING AND INTRODUCTION TO ANCHORING


Because of underbidding biases, Bidders 1–3 should each be willing to risk going over more often than they do. Figure 3.8 shows how often each bidder overbids, excluding unaired overbids by all four bidders. Bidders 1 and 4 each went over 22% of the time, with Bidders 2 and 3 going over nearly 27% of the time. Bidder 4’s lower overbid rate may seem somewhat counterintuitive, since Bidder 4 had the highest bid 40% of the time. But Bidder 4 is not often on the cusp of going over. Instead, Bidder 4 is taking advantage of underbids from Bidders 1–3 to clip the higher prior bid and winning 64% of the time when doing so (see figure 2.4).
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Figure 3.8 Overbid Frequency by Bid Order (out of 2,136 Bidding Rounds)





Our simplified game theoretic model, discussed in chapter 4, suggests that bidders should collectively go over more than 40% of the time. Interestingly, if the item up for bids is less than $1,000, the aired “overbid rate” of 41% is in line with that model. Perhaps bidders do not expect items up for bids to be priced so low. For items that are more than $1,000, aired overbidding dropped off meaningfully, occurring 24% of the time for items between $1,000 and $1,499 and 11% of the time for items priced more than $1,500.


Notably, aired overbidding occurred at a suboptimal 23% level for the first five bidding rounds, but materially increased to 31% in the last bidding round. It is as if contestants realized they had one last chance to get out of Contestant’s Row and finally started bidding more aggressively.


Analyzing overbids also sheds light on strategic interactions and how earlier bids influence later bids. Surprisingly, there were as many rounds with two or three overbids as there were with one overbid. This should not occur if bids are independent (i.e., not influencing other bids). The probabilities of a certain number of bidders overbidding independently is represented by the binomial distribution and shown in Figure 3.9. That model predicts fewer instances of zero contestants overbidding, more instances of one contestant overbidding, and fewer instances of three contestants overbidding. The probability of k overbids under the binomial formula is: (nk)pk(1−p)n−k, where n=4 is the number of bidders, k is the number of overbids, and p=24.2% is the observed probability of overbidding in seasons 47 and 48. Here (nk)=n!k!(n−k)!.
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Figure 3.9 Frequency of Independent versus Observed Overbids






Low Bids Attract Low Bids


A higher observed frequency of zero bidders going over is strong evidence that low bids “attract” other low bids. More than half of bidding contests produced zero overbids, suggesting that underbidding propagates across bidders. However, if there is a broad range of possible prices for the item up for bids, a strategic player should want to carve out a different portion of the number than what has been claimed by prior bidders. Such an approach is even more beneficial in practice, given the high level of underbidding.


High Bids Attract High Bids


A high frequency of three bidders going over is strong evidence that high bids “attract” other high bids. About one in six bidding contests ended up with a triple overbid, versus 4% of independent binomial draws. Triple overbids are strong evidence of Bidder 1 (and to a lesser extent Bidder 2) influencing subsequent bidders, particularly against the backdrop of broad-based underbidding.




Anchoring Heuristics and Biases could be the subject of an entire book. In the absence of information, individuals tend to orient toward the first number or numbers presented to them, however relevant or irrelevant those numbers may be. Psychologists Daniel Kahneman and Amos Tversky, in Thinking, Fast and Slow, shared an example of individuals who spun a wheel with random numbers between 0 and 100 (not the Big Wheel from TPIR) and were then asked how many countries are in Africa. Those who spun a high number gave high estimates, and those who spun a low number gave low estimates, despite the random number obviously having nothing to do with the answer. Anchoring is present everywhere in the world of stock investing. Investors often anchor to their purchase price as a gauge of when to sell a security, frequently and foolishly holding on to an underwater investment until it returns to their purchase price. Anchoring can affect a broad swath of market participants as well, causing a stock’s trading multiples (e.g., price to earnings or enterprise value to earnings before interest, taxes, depreciation, and amortization) to remain at a discount or premium to peers based on past conditions. For example, if a company’s business model has become less cyclical (positive) or outgrowth has slowed (negative), there is an opportunity for an investor to bet that the trading multiple will change and no longer be anchored to the past. Algorithmic trading by computers has likely amplified the duration of anchoring to past conditions. These trading multiples can be quite sticky even after many market participants realize the disconnect.
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