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About the book

In "Math on Trial," Leila Schneps boldly explores the intersection of

mathematics and the law, revealing how mathematical concepts and

evidence play pivotal roles in shaping the outcomes of high-profile court

cases. With fascinating real-life examples ranging from DNA testing to the

unreliable nature of eyewitness accounts, Schneps illustrates how

misinterpretations of statistical analysis can lead to devastating

consequences—such as wrongful convictions and miscarriages of justice. By

blending storytelling with rigorous mathematical reasoning, the book invites

readers to critically examine the crucial yet often misunderstood role of math

in the judicial process, ultimately challenging us to consider: how much trust

can we place in numbers when lives hang in the balance?
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About the author

Leila Schneps is a mathematician, author, and educator renowned for her

engaging approach to complex mathematical concepts and their real-world

applications, particularly in the context of legal cases. With a Ph.D. in

Mathematics from Harvard University, she has dedicated much of her career

to exploring the intersections between mathematics and everyday life,

including its implications in the justice system. Schneps's work emphasizes

the importance of critical thinking and statistical literacy, making her

insights vital not just for mathematicians but for anyone interested in

understanding how mathematics can influence justice. Through her writings,

including "Math On Trial," she aims to illuminate the often-overlooked role

of mathematical reasoning in courtrooms, highlighting both the power and

the potential pitfalls of numerical evidence in legal decision-making.
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�c�h�a�p�t�e�r� �1� �S�u�m�m�a�r�y�:� �M�A�T�H� �E�R�R�O�R� �N�U�M�B�E�R� �1� 0�
MULTIPLYING NON-INDEPENDENT
PROBABILITIES

### Summary of Chapters

#### Understanding Probability and the Case of Sally Clark

The author introduces a critical concept in probability: to determine the

likelihood of multiple events occurring, one should multiply the

probabilities of each event. However, this rule applies solely to independent

events. If the events are not independent—where one event influences

another—the calculations can lead to misleading conclusions. A poignant

illustration of this principle is presented through the tragic case of Sally

Clark, where flawed statistical reasoning contributed to a grave miscarriage

of justice.

#### The Clarks' Family Tragedy

Sally and Steve Clark were a couple living in London with their increasingly

fragile infant son, Christopher, who unfortunately died of what doctors later

diagnosed as a lung infection. Grieving yet hopeful, the couple subsequently

welcomed a second son, Harry, whose health was monitored closely due to
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the tragic circumstances surrounding Christopher's death. However, after

having been vaccinated, Harry suddenly became unresponsive and died,

prompting an autopsy that raised suspicion of possible foul play rather than

natural causes.

#### Legal Persecution and Trial

In a devastating turn, Sally and Steve Clark were charged with the murder of

their children, with the prosecution basing their case on ambiguities in the

autopsy findings. Intense media scrutiny and public opinion painted Sally as

a villain, exacerbating the couple's suffering. As the investigation continued,

it became clear that the medical evidence was complex, and Sally felt

overwhelmed as her well-documented care of Harry was eclipsed by

allegations of child abuse.

#### Dr. Roy Meadow’s Influence

Testimony from Dr. Roy Meadow, a pediatric expert known for his work on

child abuse, emerged as particularly damaging. His assertion that the odds of

a family experiencing two crib deaths could be calculated to be an

extraordinary 1 in 73 million significantly influenced the jury’s perception

of Sally's guilt. Dr. Meadow's argument rested on flawed logic, treating each

death as an independent event, despite potential familial factors that could

contribute to a child's death.
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Dr. Meadow is known for his development of Munchausen Syndrome by

Proxy (MSbP), which reflects a psychological disorder where parents induce

illness in their children to gain attention. However, this theory rapidly

transitioned into a lens for prosecuting grieving parents like the Clarks,

leading to wrongful accusations based on interpretive miscalculations and

societal biases against mothers.

#### The Fallout of Misunderstood Statistics

As the trial unfolded, Sally's defense was unable to counter the assumed

veracity of Meadow’s statistics, reinforcing the narrative of her guilt. The

misunderstanding of statistical probabilities—where unique familial

circumstances were not adequately acknowledged by prosecutors or the

jury—culminated in Sally's conviction for the murders of her sons.

The aftermath of the trial led to widespread public disdain toward Sally,

labeling her a murderer, which deeply impacted her mental health. After

enduring years of prison life, Sally struggled to reclaim her identity

following her release, increasingly turning to alcohol for solace. Tragically,

she succumbed to acute alcohol poisoning shortly thereafter.

#### Systemic Failures and Repercussions
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Sally Clark's case brought broader attention to the failures within the child

protection and judicial systems, particularly concerning the application of

medical expertise and statistical reasoning in forensic contexts. Her

wrongful conviction set off a series of appeals that revealed the flaws in

integrating emotional and biased interpretations of mourning parents into

legal frameworks. 

The revelations following Sally's case prompted a reassessment of similar

cases across the UK, unearthing numerous instances of wrongful accusations

against grieving parents. Angela Cannings, another mother wrongfully

convicted under similar auspices, was eventually acquitted, leading to the

discrediting of Dr. Meadow's once-lauded theories. 

#### Conclusion

Further investigations into the mathematical and medical assumptions

underlying child death investigations paved the way for legislative and

clinical changes in how such tragic events are approached. Dr. Meadow was

eventually found guilty of professional misconduct, but the

damage—personal, familial, and societal—had long been done. The

narrative implores readers to scrutinize the intersection of statistical analysis,

medical authority, and the tragic consequences of bias and misunderstanding

in the realm of child welfare, making clear that probabilities, when

misapplied, can lead to dire outcomes. 
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The case of Sally Clark ultimately serves as a somber reminder of the

importance of relying on accurate data and understanding the breadth of

human experiences in matters of justice.
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Critical Thinking

Key Point: Misunderstanding Probability Can Lead to Grave

Consequences

Critical Interpretation: Imagine, for a moment, how critical the

understanding of probability is in your daily decisions. Just as Sally

Clark's tragic experience illustrates the perils of misapplying statistical

reasoning, your life may hinge on an accurate perception of risk and

consequence. Whether calculating the odds of success in a new

venture, weighing the potential benefits against the harms of a

decision, or simply assessing the likelihood of an event occurring,

recognizing that some factors are interconnected and not independent

can be transformative. By grounding your decisions in clarity and

understanding of complex relationships, you can foster better

outcomes, safeguard your aspirations, and perhaps, like those who

learned from Sally’s case, advocate for a fairer and more informed

society.
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chapter 2 Summary: MATH ERROR NUMBER 2
0��U�N�J�U�S�T�I�F�I�E�D� �E�S�T�I�M�A�T�E�S

The chapters presented highlight the troubling intersection of mathematics,

 legal justice, and human behavior, exposing the perils associated with using

flawed statistical estimates in legal contexts. Central to this narrative are the

wrongful conviction of Janet and Malcolm Collins, framed by a series of

mathematical missteps compounded by human biases and societal prejudices

prevalent in the 1960s.

### Unjustified Estimates and the Case of the Collinses

In everyday life, we are inundated with statistics and numerical claims that

frequently lead to misinformation. The dangers are particularly pronounced

when such inaccuracies intersect with the judicial process. A poignant

example of statistical missteps comes from a British report that egregiously

misstated the pregnancy rate among disadvantaged girls. This careless

handling of facts illustrates a broader cultural indifference towards the

veracity of numbers—a mindset that can undermine our ability to assess

truth in serious matters.

The pivotal case of Juanita Brooks—a robbery victim—sets the stage for the

unraveling of the justice system's reliance on dubious estimates. After being

mugged, Brooks provided a description of her attacker, which was
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compounded by witness reports from John Bass. Despite a lack of clear

identification, the police, led by Officer Kinsey, latched onto Malcolm and

Janet Collins, an interracial couple whose description somewhat matched the

witnesses’ accounts. 

The narrative unfolds against the backdrop of racial tension in 1964 Los

Angeles, a time when mixed-race couples often faced societal scrutiny. After

a series of questionable identification tactics—marked by a lack of solid

evidence and the pressures of racial stereotypes—Kinsey arrested the

Collinses. The couple's subsequent interrogation did not yield confessions,

hinting more at their fear of the police and societal judgment than actual

guilt.

The prosecution's efforts relied heavily on vague matching between the

Collinses and the witness descriptions rather than concrete evidence. Their

alibi was weak but unproven false, and the evidence supporting the case was

tenuous at best. In a twist of legal strategy, novice prosecutor Ray Sinetar

turned to the realm of mathematical probability to bolster his case,

introducing expert witness Daniel Martinez to present convoluted

calculations. Sinetar’s statistical method attempted to assert that the

statistical likelihood of the Collinses being the robbers was exceedingly low,

framing this as a powerful narrative for the jury.

However, the confidence built on these probabilities was misplaced.
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Sinetar's assigned numerical values for various characteristics—each

ascribed an “independent” likelihood—were arbitrary and not grounded in

robust statistical research. Even as he made sweeping assertions about the

certainty of the Collinses' guilt, flaws in the logic of his calculations went

unchallenged. 

Despite the alarming weakness in the prosecution’s case, the jury ultimately

convicted the Collinses. This verdict, based not on solid evidence but on

mathematical assertions, signaled a shift in courtroom dynamics, gesturing

towards a future where numerical claims could overshadow traditional

evidentiary standards. 

### The Legal Battle and Its Repercussions

Malcolm Collins’s decision to appeal brought scrutiny to Sinetar’s method

of using probability as a means of establishing guilt. His eventual entry into

the California Supreme Court pitted him against Laurence Tribe, a young

law clerk with a solid mathematical background. Tribe's analysis exposed

numerous logical flaws within Sinetar's statistical argument, emphasizing

that the reliance on arbitrary estimations could not hold up in the face of

judicial scrutiny. He argued that the probability of another couple fitting the

vague descriptors was higher than posited, which severely undermined the

foundation of the prosecution's case.
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Upon reviewing the evidence, the Supreme Court overturned Malcolm’s

conviction, underscoring the disturbing implications of using flawed

mathematics in determining legal guilt. Tribe's work in this case had

far-reaching consequences, establishing a precedent that would stifle the use

of imprecise mathematical assertions in court proceedings for decades.

### Conclusion

The case of the Collinses, though seemingly minor, illustrates profound

issues concerning the abuse of numerical claims within the justice system

and hints at the social biases that empower such decisions. It serves as a

cautionary tale wherein the combination of societal prejudice and

questionable mathematical logic resulted in tragic outcomes, emphasizing

the necessity for rigorous standards in both evidence and the usage of

statistics in legal contexts. The legacy of this case continues to resonate,

underscoring the need for careful scrutiny when numbers intervene in human

lives.
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Critical Thinking

Key Point: The dangers of flawed statistical estimates in legal contexts

Critical Interpretation: Imagine standing in a courtroom where your

fate hangs in the balance, and it's not just the facts that determine your

innocence or guilt, but rather questionable statistics presented as

undeniable truth. This key point from the Collinses’ case inspires you

to question the numbers you encounter daily, urging you to dig deeper

and demand clarity, especially when lives are at stake. It instills a

sense of responsibility within you to advocate for precise and reliable

data in all areas of life, making you a vigilant defender of justice and

truth against the tide of misinformation.
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�c�h�a�p�t�e�r� �3� �S�u�m�m�a�r�y�:� �M�A�T�H� �E�R�R�O�R� �N�U�M�B�E�R� �3� 0�
TRYING TO GET SOMETHING FROM NOTHING

In the chapter titled "Math Error Number 3: Trying to Get Something From

 Nothing," the discussion opens with a hypothetical scenario where a

proofreader examines a large work for errors. The central theme revolves

around forming conclusions based on insufficient sampling; in this case,

finding zero mistakes in a small section does not ensure the manuscript is

error-free. This leads to a critical discussion about proper statistical

reasoning—especially in legal contexts—highlighting how misapplication

can lead to serious judicial errors.

The chapter then transitions to a real-life application of these principles

through the case of Joe Sneed, a young man implicated in the 1964 murders

of his parents in Silver City, New Mexico. The narrative details the initial

events surrounding the crime: Pauline Hicks, a neighbor, hears gunshots but

thinks little of it until discovering the bodies of Joe and Ella Mae Sneed the

next day. Upon arrival, police discover the couple had been shot in their

sleep, with no signs of robbery or forced entry, raising alarms about the

motive and circumstances.

Joe Sneed, who had just returned from California, becomes the focus of the

investigation. Despite passing a lie detector test and being found without

gunshot residue on his hands, law enforcement's feelings about his

Scan to Download

https://ohjcz-alternate.app.link/zWumPVSnuOb


innocence waver as the crime scene details unfold. As they delve deeper,

Sergeant Richard Ingram engages Joe in conversation, eventually leading to

the unauthorized search of Joe's car, where incriminating evidence—a

receipt in the name of “Robert Crosset”—is found. This key piece of

evidence links Joe to potential motives and circumstances that may

incriminate him.

Throughout the trial, the prosecution struggles to definitively establish

Sneed’s guilt despite his newly elevated status as a suspect, particularly due

to his history as the discoverer of the bodies. As the case unfolds, his public

defender, J. Wayne Woodbury, argues for a fair trial, emphasizing the need

for the evidence obtained from the car to be suppressed, due to the unlawful

search. However, the court denies this motion, permitting the prosecution to

use the incriminating receipts to substantiate their case.

As the trial progresses, the prosecution channels considerable effort into

establishing that Joe Sneed is indeed “Robert Crosset,” focusing on the

improbability of two individuals coincidentally sharing such specific

characteristics. They employ the expertise of Dr. Edward Thorp, a

mathematics professor known for his card-counting strategies at blackjack,

to apply statistical evidence in court. Thorp estimates the odds of a random

person possessing the same traits as Crosset, which ultimately places undue

emphasis on statistical analysis rather than substantive, independent proof.
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Despite the defense’s repeated attempts to challenge the prosecution's

narrative and its reliance on mathematical assumptions, the jury finds Sneed

guilty, leading to a life sentence. In the aftermath, Sneed’s legal team

appeals the verdict, citing significant errors, particularly in how the

mathematical reasoning was employed, leading to a reevaluation of the trial.

The chapter concludes with the revelation that the New Mexico Supreme

Court overturns the conviction, citing that the mathematical arguments did

not withstand scrutiny and ordering a retrial. The prosecution faces

considerable challenges as they prepare for the new trial—now divorced

from mathematical probabilities and heavily reliant on direct

evidence—reflecting the complexities of the judicial process and the

fragility of concluding guilt based on circumstantial evidence. The narrative

illustrates the consequences of misapplying statistical reasoning in a legal

context and its ramifications on justice, leading to a lasting impact on legal

standards.
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Critical Thinking

Key Point: The dangers of drawing conclusions from insufficient

evidence

Critical Interpretation: Reflecting on the key point about the dangers

of drawing conclusions from insufficient evidence can inspire you to

cultivate a mindset of critical thinking and skepticism in everyday life.

Just as the misuse of statistical reasoning led to a miscarriage of

justice in Joe Sneed's case, overlooking the full picture can result in

misguided assumptions in your personal and professional decisions.

By seeking a comprehensive understanding and avoiding hasty

conclusions based on incomplete information, you enhance your

ability to navigate complex situations, make informed choices, and

advocate for fairness and accuracy in all aspects of life.
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�c�h�a�p�t�e�r� �4�:� �M�A�T�H� �E�R�R�O�R� �N�U�M�B�E�R� �4� 0��D�O�U�B�L�E
EXPERIMENT

In this chapter titled "MATH ERROR NUMBER 4: DOUBLE

 EXPERIMENT," the intricate understanding of probability and its common

misinterpretations are explored through the lens of real-life implications,

particularly illustrated by the high-profile case of Meredith Kercher's murder

and the wrongful accusations against Amanda Knox and Raffaele Sollecito.

Initially, the chapter discusses the delicate nature of probability, particularly

the potential pitfalls in interpreting results from multiple tests. Using the

analogy of coin tossing, it illustrates how performing multiple independent

experiments can significantly enhance the reliability of the outcomes. For

example, if a coin has a probability of falling heads at 70%, two consecutive

heads can shift the probability of the coin being biased from an initial

assessment to a higher degree of certainty.

The narrative transitions to the real-life application of this concept through

the case of Meredith Kercher, a British student brutally murdered in 2007.

The chapter outlines the events leading up to the murder, including details of

Meredith's life in Italy and her interactions with Amanda Knox and Raffaele

Sollecito, who were at the center of the ensuing investigation when

Meredith's body was discovered.
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On the night of the murder, Amanda received a text that cancelled her work

shift, prompting her to stay at Raffaele's apartment, where they spent the

evening together. Meanwhile, Meredith was attacked in their shared cottage,

leading to a chaotic scene discovered the following day, when Amanda

noticed strange occurrences such as blood and a ransacked room. The police

investigation quickly turned against Amanda and Raffaele despite initial

assumptions being made about a possible intruder.

Rudy Guede, a man with a troubled past, was later identified as the primary

suspect. He was arrested and offered inconsistent accounts, including a

bizarre story of how he had been in the cottage during the murder and

subsequently fled. Despite this, further evidence emerged against Amanda

and Raffaele, particularly the discovery of a knife in Raffaele's apartment

bearing Meredith's DNA on the blade, which complicated their defense.

The chapter reveals Amanda and Raffaele's parents’ efforts to mount a

public relations campaign to clarify their innocence, focusing on the urgency

of disproving the evidence against them, particularly the knife. Despite

numerous inconsistencies and questionable police procedures, the

prosecution leveraged the DNA evidence as the cornerstone of their case,

leading to Amanda and Raffaele's eventual conviction based on this dubious

forensic evidence.

As the appeal began, various experts scrutinized the forensic methodologies
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used in the initial trial, raising questions about contamination and the

validity of the DNA matches. The narrative illustrates the legal complexities

surrounding forensic science, emphasizing the biases and errors in

procedural approaches. Ultimately, Amanda and Raffaele's convictions were

overturned, although debates regarding the reliability of the evidence

continued.

The chapter concludes with a reflection on the complexities of justice, the

impact of media perceptions, and the lasting consequences on those involved

in the case. It raises poignant questions about the nature of truth and the

reliability of scientific evidence in prosecuting crime, drawing on parallels to

the earlier probabilities explored in the context of coin tossing and

experiments. Through this intertwining of mathematical errors and real-life

implications, the chapter illustrates the profound consequences of

misinterpretation both in thought and in the judiciary process.
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�c�h�a�p�t�e�r� �5� �S�u�m�m�a�r�y�:� �M�A�T�H� �E�R�R�O�R� �N�U�M�B�E�R� �5� 0�� �T�H�E
BIRTHDAY PROBLEM

Chapter Summary: The Birthday Problem and John Puckett's Case

This chapter delves into the fascinating yet counterintuitive realm of

probability through the lens of the Birthday Problem, and how it relates to

the real-world implications of criminal justice, specifically in the unsolved

murder case of Diana Sylvester.

The Birthday Problem illustrates how people typically underestimate

 the likelihood of shared birthdays in small groups. Most assume that you

need around 183 people for a 50% chance that two share a birthday, based

on the 365 days of the year. However, mathematical calculations show that

with just 23 individuals in a room, there is approximately a 50% chance that

at least two of them share a birthday. This surprising outcome stems from

the fact that there are 253 unique pairs of individuals in a group of 23,

leading to a high probability of shared birthdays. Conversely, for a specific

date like January 1, the number required for a similar probability rises

drastically to 253 people, underscoring the difference between generalized

and specified probabilities.

The chapter transitions into The Case of Diana Sylvester, who was
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 tragically murdered in 1972 shortly after returning home from her nursing

shift. Her killer was never identified at the time, despite a neighbor

witnessing a suspicious man outside her apartment during the crime. Years

later, forensic evidence—including stored sperm samples—provided an

opportunity for DNA analysis, which had not been available during the

original investigation.

In the early 2000s, advancements in DNA technology allowed for a

reexamination of Sylvester's case. The degraded DNA sample, while

incomplete, led to a significant match with John Puckett, a known sex

offender with a history of violent crime, notably raping women under similar

circumstances to Sylvester's murder. Despite Puckett’s denial of

involvement, he was arrested based on this match.

The Statistical Debate: The prosecution presented the random match

 probability (RMP)—1 in 1.1 million—for a match at several genetic loci to

suggest Puckett was the likely perpetrator. The defense countered with the

argument that the vast number of profiles in the DNA database (over

338,000) meant that the chances of a coincidental match were much

higher—approximately 1 in 3.

Herein lies the crux of the argument: while the prosecution’s RMP made it

seem highly improbable that anyone other than the true perpetrator could

match the DNA, the defense argued that when searching through a large
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database, the sheer volume of profiles necessarily increased the likelihood of

a random match. This complex interplay of statistics leads to confusion and

highlights the potential for wrongful conviction based on misinterpretation

of probability.

Furthermore, opponents of the prosecution’s stance—like Bicka Barlow,

Puckett’s attorney—brought attention to statistical studies indicating that

such DNA matches could occur more frequently than the RMP suggested.

Yet, the judge ruled to exclude these contrasting statistical arguments from

the trial, leading to a one-sided presentation of the evidence.

Ultimately, the jury found Puckett guilty, influenced by his past crimes and a

circumstantial resemblance to a witness's description, without

comprehension of the potential fallibility in the probability statistics. In their

verdict, they did not consider that Puckett's DNA could belong to several

other people who also matched the profile.

In conclusion, the chapter emphasizes the critical necessity for accurate

statistical interpretation in the criminal justice system. While DNA evidence

can serve as a powerful tool for solving cases, its misapplication can lead to

profound injustices, as seen in the saga of John Puckett and the haunting

unsolved mystery of Diana Sylvester's murder. The lessons from the

Birthday Problem serve as a reminder that our intuition about probability can

often be misleading, especially when high stakes—such as a person's
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freedom—are involved.

Section Summary

Chapter
Overview

This chapter explores the intersection of probability and criminal justice,
examining the Birthday Problem and the case of Diana Sylvester's
unsolved murder.

The
Birthday
Problem

Demonstrates how a small group (23 people) can have a 50% chance
that at least two share a birthday, contrary to common assumptions
requiring 183 people.

Diana
Sylvester's
Case

Diana was murdered in 1972, with her killer never identified. Advances in
DNA technology in the 2000s linked John Puckett, a sex offender, to the
crime.

Statistical
Debate

The prosecution claimed a 1 in 1.1 million chance of a random match with
Puckett’s DNA, while the defense pointed out the high number of profiles
in the database, arguing a 1 in 3 chance of an accidental match.

Trial
Dynamics

The judge excluded defense arguments on statistical likelihood, leading to
a skewed presentation of evidence. Puckett was found guilty primarily
due to past crimes and witness descriptions.

Conclusion
The chapter stresses the importance of proper statistical interpretation in
justice, highlighting that probabilities can be misleading and impact
serious legal outcomes.
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Critical Thinking

Key Point: The importance of accurate statistical interpretation

Critical Interpretation: Understanding probability and statistics is

crucial not just in math, but in real-life situations. Just as the case of

John Puckett illustrates the potential injustice that can arise from

misinterpreting statistical evidence, in your own life, grasping the

nuances of probability can protect you from making snap judgments.

Whether considering the risks of a decision or analyzing data in any

context, being aware of how easily our intuitions can lead us astray

allows you to think critically, make informed choices, and advocate

for fairness in the world around you.
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chapter 6 Summary: MATH ERROR NUMBER 6
0��S�I�M�P�S�O�N�'�S� �P�A�R�A�D�O�X

Summary of Chapters on Simpson’s Paradox and Gender Bias at Berkeley

In the early 2000s, a perplexing phenomenon called Simpson's Paradox

emerged, illustrating how averages can misrepresent reality. For instance,

despite all major ethnic groups increasing their SAT verbal scores from 1981

to 2002, the overall national average remained unchanged. This paradox

arises from shifts in population proportions among different groups.

Specifically, while white students had the highest scores, their numbers

dwindled relative to minority groups, whose lower scores thereby dragged

the overall average down, despite improvements within each group. Such

statistical anomalies emphasize the importance of critical evaluation of data

and its interpretation.

Against this backdrop, a significant case at the University of California,

Berkeley, came to light, exemplifying sex bias allegations in academia.

Berkeley, consistently ranked among the top global universities, faced

scrutiny for allegedly favoring male candidates over female applicants in

both student admissions and faculty tenuring. 

At the center of this controversy was mathematician Jenny Harrison. After
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earning her PhD in the UK, she secured a tenure-track position at Berkeley

in 1978. Despite her promising academic credentials and subsequent

research, she was denied tenure in 1986, marking an anomaly as it was the

first such denial in twenty years. Harrison felt her rejection stemmed from

gender bias rather than the merit of her work, particularly given the scarcity

of women among the tenured faculty.

Through a combination of internal departmental reviews and support from

allies, she filed a complaint alleging gender discrimination, which was

initially dismissed. However, after a prolonged legal battle, she achieved a

settlement and successfully challenged the department’s tenured positions,

allowing her accomplishments and updated portfolio to be recognized.

Ultimately, she was appointed to the position she had initially been denied.

During the inquiry, data revealed troubling trends about gender

representation at Berkeley. Despite evidence suggesting systemic issues in

female admissions, particularly in mathematics, further investigation

indicated that these disparities were not the product of bias alone but rooted

in the significantly lower number of women applying to these fields.

An insightful analysis of department admission figures showed no consistent

bias at the departmental level; rather, factors such as lack of applicants and

societal perceptions of mathematical fields as male-dominated played a

critical role. This created a self-perpetuating cycle where the
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underrepresentation of women discouraged future female applicants, making

it challenging for gender equity to take root.

In conclusion, while Harrison succeeded in her legal fight, her case

highlighted broader systemic issues regarding gender and mathematics. The

prevalent attitudes and structural obstacles influencing women's

participation in these fields illustrate the complexities of

discrimination—further emphasizing the importance of statistical literacy

and critical assessment in evaluating claims of bias within academic arenas.

Topic Details

Simpson's
Paradox

Demonstrates how averages can mislead; for example, despite increases
in SAT scores across ethnic groups, the overall national average
remained unchanged due to shifts in group proportions.

Case at
UC
Berkeley

Allegations of sex bias in admissions and faculty tenure, particularly
favoring male candidates.

Jenny
Harrison

A mathematician denied tenure at Berkeley in 1986 despite strong
qualifications. Believed her denial was due to gender bias.

Legal
Battle

Harrison filed a complaint, initially dismissed, but later achieved a
settlement and was eventually recognized with tenure.

Findings
from
Inquiry

Data showed no consistent departmental bias in admissions; issues were
tied to the low number of women applying to math fields.

Systemic
Issues

Female underrepresentation created a cycle discouraging future female
applicants, complicating efforts for gender equity.
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Topic Details

Conclusion
Harrison’s case reflects broader systemic issues in gender and
mathematics, highlighting the need for statistical literacy in addressing
bias claims.
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�c�h�a�p�t�e�r� �7� �S�u�m�m�a�r�y�:� �M�A�T�H� �E�R�R�O�R� �N�U�M�B�E�R� �7� 0�� �T�H�E
INCREDIBLE COINCIDENCE

### Summary of Chapters

Chapter: The Probability Paradox of Winning a Lottery and Retroactive

 Thinking  

The chapter opens with a thought experiment about winning a lottery,

emphasizing the low probability of such events. While it's statistically

probable that someone will win, our perspective shifts dramatically when we

consider ourselves as the potential winners. This highlights the danger of

retroactively calculating probabilities for events that have already occurred,

particularly in contexts like criminal investigations, where distorted

perspectives can lead to incorrect suspicions and severe consequences for

innocent people.

The Case of Lucia de Berk: Carer or Killer?  

The narrative transitions to a real-life case involving Lucia de Berk, a

pediatric nurse in The Hague who became embroiled in a sensational

controversy involving the deaths of several patients under her care. The story

starts with the tragic death of Amber, a severely ill infant, whose

Scan to Download

https://ohjcz-alternate.app.link/zWumPVSnuOb


deteriorating condition ultimately led to her demise in the hospital. Although

the attending physicians deemed the death natural, concerns arose when a

nurse noted that Lucia had been present at multiple resuscitations and

several patient deaths.

As rumors gained traction, the hospital’s director, Paul Smits, attempted to

quantify the frequency of suspicious incidents during de Berk's shifts.

Calculations indicated her involvement in an unusually high number of

tragic events, which he interpreted as deeply alarming, leading him to alert

the police and initiate a formal investigation against her for multiple

murders.

Lucia's first trial illustrated significant inaccuracies, including charges

supported primarily by faulty statistical analysis and circumstantial evidence

rather than concrete medical proof. Despite her claims of innocence, the

prosecution painted her as a malevolent figure amid a media frenzy that

sensationalized her past, including a brief time in her youth spent in

prostitution and other unfounded allegations.

During the appeal process, key pieces of evidence and testimonies emerged

indicating discrepancies in how the medical community recorded and

interpreted deaths. Reports on digoxin—an alleged poison—found in

Amber's body also faced scrutiny, leading experts to contest earlier

conclusions of murder.
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In the subsequent retrials, statistical assessments were challenged. New

insights revealed that much of the data used against Lucia was manipulated

post hoc to support the narrative of her guilt rather than reflecting objective

reality. Investigators failed to consider other deaths and incidents that might

have occurred without Lucia’s presence but shared the same characteristics.

Eventually, as public interest intensified and new investigations commenced,

key advocates for justice stepped forward, notably including Lucia's

supporters in the medical field. They pooled their efforts to dissect the

flawed analysis that had led to her wrongful conviction.

The narrative culminates in Lucia de Berk’s exoneration in 2010 when she

was officially declared not guilty after extensive scrutiny of the evidence and

methods of the original trial. The story closes by underscoring the larger

themes of justice, statistical misinterpretation, and the fallibility of human

judgment in life-and-death matters, illuminating how a miscarriage of justice

can devastate lives.

This case serves as a cautionary tale about the implications of statistical

manipulation and the necessity of rigorous investigative practices to prevent

misjudgments that can irrevocably alter lives.
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chapter 8: MATH ERROR NUMBER 8
0��U�N�D�E�R�E�S�T�I�M�A�T�I�O�N

Summary of "Math Error Number 8: Undere estimation" and "The Case of

 Charles Ponzi"

---

### MATH ERROR NUMBER 8: UNDESTIMATION

In a tale rooted in ancient Indian legend, a Dravida Vellalar invents chess,

receiving grains of wheat as a reward from a sultan. The sultan,

underestimating the power of exponential growth, agrees to the Vellalar's

request to place grains on a chessboard in a sequence that doubles with each

square – starting from one grain on the first square to 64 on the last. What

seems like a small sum quickly escalates to an astronomical figure: by the

end of the board, instead of a mere dinner's worth of wheat, he would need

18 quintillion grains, an amount immensely larger than any mountain.

This story exemplifies a common misunderstanding of exponential growth,

where our intuitive grasp fails us. Such growth begins slowly but accelerates

ferociously, creating implications that can astonish even seasoned

mathematicians. For example, if a wire is wrapped around the equator of a
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perfect sphere and then a new wire, one meter longer, is wrapped similarly,

it will rise approximately 16 centimeters off the ground—not negligible

compared to the vast circumference of the Earth.

Understanding exponential growth is crucial in various contexts. Consider

chain letters or schemes like Ponzi’s, where initial appearances can mislead

participants into believing in sustainable profitability when, in reality, such

pyramidal systems are doomed to collapse.

### THE CASE OF CHARLES PONZI: AMERICAN DREAM,

AMERICAN SCHEME

In November 1903, Carlo Ponzi immigrates to Boston from Italy, armed

with grand ambitions but little money. His hopes of achieving the American

Dream are soon sabotaged by financial desperation and a series of failed

ventures. After a stint in Canada, Ponzi finds work at a bank, learning the ins

and outs of financial transactions. He experiences firsthand the damaging

consequences of unsustainable banking practices when the bank he works

for collapses, and Ponzi misappropriates funds as a quick fix for his own

dire circumstances. 

His initial run-ins with the law lead to imprisonment, but his criminal

acumen sharpens during his time behind bars. Upon release, he returns to the

U.S. and plots a get-rich-quick scheme based around international reply
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coupons (IRCs). Ponzi's plan exploits discrepancies in currency values

post-World War I, allowing him to promise outrageously high returns of

50% in 45 days, drawing investors with his charisma and charm.

As Ponzi's scheme garners rapid success, he pays initial investors with

money from newcomers, keeping up appearances of prosperity. He enjoys a

luxurious lifestyle, complete with a mansion and lavish gifts, all while the

tide begins to turn. An escalating series of events leads to scrutiny and

investigation; a disgruntled debtor threatens his operations, and regulatory

pressures mount.

In the summer of 1920, Ponzi's empire begins to crumble as the panic among

investors triggers runs on his operation. Despite attempts to reassure and

placate his clients, the truth unravels—Ponzi had no legitimate investments

sustaining his promised returns.

Ultimately, Ponzi's fraudulent activities are exposed, leading to his arrest. He

faces multiple prison sentences for his schemes, becoming a cautionary

figure whose name now epitomizes financial fraud.

Ponzi's story serves a critical lesson about the perils of unchecked greed and

the importance of understanding exponential growth in financial schemes.

Despite the monumental lessons learned from Ponzi and others like him, the

patterns of such deceptive practices persist in modern finance, driven by the
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dual forces of charismatic persuasion and financially illiterate investors, as

illustrated in recent high-profile cases such as Bernie Madoff.

---

This summary weaves together the intricacies of exponential growth, the

familiar yet cautionary tale of Charles Ponzi, and the broader implications of

trust and financial literacy in an era where lessons from the past remain

painfully relevant.
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CHOOSING A WRONG MODEL

Chapter Summary: Choosing a Wrong Model & The Case of Hetty Green: A

 Battle of Wills

In “Choosing a Wrong Model,” a humorous but thought-provoking anecdote

illustrates how mathematical models often fail to adequately predict complex

real-life situations. The story focuses on a farmer whose hens are not laying

eggs. After consulting various professionals, he finally seeks assistance from

a physicist who, after a week of thought, offers a ludicrous solution: that his

model only applies to "perfectly spherical hens in a vacuum." The jest

highlights a fundamental issue with scientific modeling; it serves as a

reminder that while mathematical frameworks can provide insights, they

often oversimplify real-world complexities.

The narrative transitions into the life of Hetty Green, a remarkable woman

hailed as the "Witch of Wall Street," whose wealth and financial acumen

evolved from a tumultuous relationship with money. Growing up as the only

child of a successful businessman, Hetty was trained in money management

from a young age, but her father’s controlling nature resulted in her

inheritance being placed into a trust, managed by men. This decision deeply

wounded Hetty, leaving her feeling humiliated and determined to wrest
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control over her financial destiny.

Following her father's death, Hetty set her eyes on another inheritance from

her wealthy aunt, Sylvia Howland. Hetty’s overwhelming desire to secure

this inheritance led her to pressure her aunt into altering her will to favor her.

However, Sylvia, disturbed by Hetty’s urgency and behavior, crafted a new

will that limited Hetty’s access to her fortune, putting it in a trust controlled

by others. This betrayal fueled Hetty's resolve to contest Sylvia's will after

her aunt’s death.

In her quest to prove her rightful claim, Hetty navigated the legal system,

asserting that Sylvia intended for her to inherit the estate entirely as dictated

by a previous will. Claiming that her aunt's later will was a product of undue

influence from her doctor, Dr. William Gordon, who had been treating

Sylvia's chronic pain with laudanum, Hetty sought to invalidate it in court.

The legal battle became a spectacle, revealing the intersection of wealth,

power, and manipulation. Hetty's strategy hinged on presenting evidence of

a previous will she had penned at her aunt's dictation. However, the will was

contested as potentially forged, leading to a dramatic courtroom showdown.

Esteemed experts were called to analyze the signatures, with testimony from

prominent figures such as naturalist Louis Agassiz and physician Oliver

Wendell Holmes supporting Hetty's claims of authenticity.
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In a twist of fate, an analysis by mathematicians estimated the improbability

of the signatures being identical by chance, suggesting forgery, which

further complicated Hetty's position. Despite her longstanding reputation as

a fierce and capable investor, the legal proceedings ultimately concluded

with a settlement favoring Sylvia's last will.

Hetty’s lifelong financial struggles shaped her into a driven yet contentious

figure. Following the trial, she shifted her focus from family life to

meticulous investment, achieving significant wealth through calculated

risks. Living frugally became her hallmark, as she dedicated her life to

financial success, eventually amassing one of America's largest fortunes

before her death in 1916. While her legacy may have faded compared to her

contemporaries like Carnegie and Rockefeller, Hetty Green remains a

noteworthy figure in the annals of economic history, embodying the

complex dynamics between wealth, gender, and power.

This chapter encapsulates the tensions of ambition and betrayal, likening

mathematical modeling of life to the unpredictability of human emotions and

legal entanglements through Hetty's compelling narrative.

Scan to Download

https://ohjcz-alternate.app.link/zWumPVSnuOb


chapter 10 Summary: MATH ERROR NUMBER 10
0��M�A�T�H�E�M�A�T�I�C�A�L� �M�A�D�N�E�S�S

### Summary of Chapters

#### Mathematical Madness: Error #10

In this chapter, the author explores the probability of unlikely events

occurring multiple times, highlighting a common mathematical error: failing

to consider the total number of attempts that lead to those events. For

instance, if someone claims to have shot five bull’s-eyes without accounting

for the total number of arrows shot, the significance of their achievement is

skewed.

The chapter examines misleading statistics about flight safety,

demonstrating how misrepresentations can cause irrational fears, similar to

someone believing they have a 1 in 6 chance of dying playing Russian

roulette every time, without recognizing that playing it less frequently would

change the context. This faulty reasoning mirrors the mistaken conclusions

drawn from probability calculations, particularly when evaluating

extraordinary outcomes such as rolling dice or shooting arrows.

To illustrate, the author compares expected and actual probabilities of rolling

a six on dice, demonstrating that while it seems unlikely to roll three sixes in
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six tries, the actual likelihood is much higher than it appears. This error in

reasoning had significant real-life implications during the Dreyfus Affair,

where mathematical misunderstandings created a false narrative of guilt.

#### The Dreyfus Affair: Context and Overview

On December 22, 1894, Captain Alfred Dreyfus was wrongfully convicted

of treason in France, primarily due to anti-Semitism. Evidence against him

included a letter discovered in a military attaché's wastebasket, leading to his

conviction without sufficient proof. Key figures like Major Armand du Paty

de Clam, who gathered dubious evidence, and Major Hubert-Joseph Henry,

who later forged documents, played significant roles in perpetuating this

miscarriage of justice.

Dreyfus's Jewish identity made him a scapegoat in a tumultuous time rife

with nationalism and anti-Semitic sentiments. Despite his outspoken

patriotism, he was condemned and publicly humiliated in a degradation

ceremony, leading to years of imprisonment on Devil’s Island without a fair

trial.

#### Dreyfus's Imprisonment and the Fight for Justice

Throughout his unjust incarceration, Dreyfus struggled with isolation and

illness, while his family and supporters diligently sought to clear his name.

His wife, Lucie Dreyfus, and brother, Mathieu, managed to gather support

from influential figures, slowly unraveling the web of deception that led to
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his conviction.

As time passed, Major Picquart, initially involved in Dreyfus’s trial, began

investigating credible evidence indicating Esterhazy, rather than Dreyfus,

was the real traitor. As the army persisted in covering up their mistake,

Picquart faced severe repercussions for revealing the truth.

Documents obtained during the investigation revealed the army’s attempts to

manipulate evidence and testimonies to protect their interests. The scandal

deepened, revealing the extent of the conspiracy against Dreyfus, despite the

media's overwhelming anti-Dreyfus sentiment and wave of anti-Semitic

propaganda.

#### Legal Battles and Public Outcry

The public's consciousness was further raised by the scandal as prominent

literary figures like Émile Zola rallied against the established narrative.

Zola’s article "J’accuse" exposed the flaws in the Dreyfus case and named

key military figures responsible for the injustice, inciting major public

outcry.

Dreyfus’s retrial revealed a pattern of corruption and deception. Eventually,

Major Henry’s forgeries came to light, leading to a re-evaluation of evidence

that had initially condemned Dreyfus. Despite this, the military's ingrained

nationalism continued to resist acknowledging the truth.

Scan to Download

https://ohjcz-alternate.app.link/zWumPVSnuOb


Following a tumultuous retrial characterized by lies and manipulation,

Dreyfus was again found guilty, though with extenuating circumstances, a

verdict that humiliated him further. However, the pressure from public

opinion and mounting evidence led to a presidential pardon.

#### Resolution and Legacy

It took years of relentless advocacy and legal battles before Dreyfus was

ultimately exonerated in 1906 when the Supreme Court annulled his

conviction, reinstating him in the army and awarding him the Legion of

Honor. His journey highlights the dangerous interplay between justice and

national pride, exposing the tragic consequences of prejudice and the failure

of the judicial system. The aftermath of the Dreyfus Affair would resonate

throughout French society, influencing discussions on justice, anti-Semitism,

and civil rights, illustrating the enduring power of truth in the face of

systemic injustice. 

Ultimately, Dreyfus’s story is a reminder of the imperfections in human

judgment, the importance of rigorous truth-seeking, and the chaos that arises

when political and social tensions overshadow the ideals of justice and

reason.
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