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John A Sundahl, Discovery in Traumatic Brain Injury Cases 27 Wyoming Lawyer 16
(October, 2004)*

Claims of traumatic brain injury create unique problems for both plaintiff and defense attorneys.
The purpose of this article is to identify various discovery techniques to assist in obtaining the
necessary information to evaluate such claims.

Compilation of Information

The nature of the written discovery for claims of traumatic brain injury isfar reaching and generally
not time limited. Attorneys must obtain information regarding pre- and post-accident functioning.
A critical aspect of discovery is a thorough search of medical records,
psychiatric/psychol ogical/counseling records, test sourcesand academic records. Thisdiscovery may
assist in showing behavioral and psychological features that explain the plaintiff's then-current
symptoms. The categories of records to request include the following:

1. School records, including 1Q testing, grades, counseling and learning disability issues;

2. Medical records since childhood;

3. Records of any counseling or psychological treatment;

4. Information concerning the family history (to determine whether there are familial explanations
for the symptoms);

5. Information concerning contact sports,

6. Information on prior accidents, car accidents, workers compensation claims, and history of being
knocked unconscious;

7. Personnél file from places of employment both before and after the accident, including the names
of all supervisors, aptitude testing, performance evaluations, and records of discipline;

8. Military records; and

9. X-ray, CT, MRI, brain scan, or other diagnostic or radiographic studies.

Plaintiffs often undergo neuropsychological testing in support of expert testimony. It is crucial to
obtain all raw test information, the actual tests used (including theform employed and the particul ar

edition), test questions, scoring, and the actual test answers (as opposed to a summary or total
scores). If theraw test results were adjusted according to age or education, obtain those adjustments

! Copyright © 2004 by John A. Sundahl
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and thereasonsfor them. Identify the norms (i.e. standardsfor what is*normal”) that were used, the
test protocol (to determine how thetesting isto be administered), and identify all validity scales or
internal measures used to evaluate the straight-forwardness or cooperation of the plaintiff.

Theraw test scores, asadjusted, are compared with normative datato determinewhether the plaintiff
scores within the published norms. Do not accept the neuropsychologist's claim that the test result
is within the range of normal, borderline or abnormal, without being able to evaluate whether the
conclusions of the test administrator are accurate. Unfortunately, tests are sometimes scored
incorrectly and, may be read as abnormal when, in truth, they are within the normal range. It is
important to obtai n thedocumentsthat reflect normative metrics, percentilesand standard deviations
for each test. Also, be aware that multiple norms may be available for the same test, and
classification of the results as normal or abnormal may rest on abiased decision on which normsto
use.

Obtain all intake information and patient questionnaires that were completed either by an interview
with the plaintiff, or by the plaintiff himself. Obtain the hand written notes of the test administrators
and the neuropsychol ogist. These noteswill often provideinsight into their approach and the history
of the claimed injury. Obtain all billing records and diagnostic codes. Obtain the resumes for the
neuropsychol ogist and any person who performed thetestson theplaintiff. Neuropsychol ogistsoften
use computerized scoring profiles for tests such as MMPI - 2. Y our discovery should request any
computerized *17 profiles or scoring. Finally, obtain a copy of the entire file that relates to the
plaintiff, including any reports to the plaintiff's attorney, the results of the neuropsychologist's
interview, the raw notes of the neuropsychologist or other test administrator, and the administrative
instructions for the tests administered, the actual test booklets used and notes from interview
sessions.

Upon receipt of the foregoing information, it isimperative to retain the services of a consultant to
help you understand what you have been provided. In addition, the lawyer must carefully review all
raw data.

Testing Resultsand Inter pretation

Unfortunately for both plaintiff and defendant, it is rare to have pre-accident baseline
neuropsychological testing. As a result, neuropsychologists use other evidence of pre-accident
functioning as a surrogate. For example, neuropsychologists frequently conduct 1Q testing and
compare the post-accident testing with the scores previously received. The neuropsychol ogiststhen
draw conclusions about whether there has been a decline in intelligence functioning.

Interpretation of neuropsychol ogical testscan be and often ishighly subjective. Almost al “normal”
individuals will test in the abnormal range on at least some neuropsychological tests.
Neuropsychol ogical testing overlaps. A person might test in the borderline or impaired range on one
test, but may test within the range of normal on another test that measures the same functions. Itis
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important to understand the purpose and scope of each of the tests administered in order to develop
this relationship.

Assuming the neuropsychological tests were properly scored and the plaintiff's functioning is
determined to be below the range of pre-accident functioning, an additional consideration remains.
Neuropsychological testing, at best, measures a snap-shot in timethat can be heavily influenced by
what is happening in the plaintiff's life when the tests are administered. To the extent that
neuropsychological testing is ableto distinguish abnormal results from normal results, determining
the cause of the cognitive impairment or when it occurred is often speculative. Attorneys should
explore al possible causes, including depression, anxiety, alcoholism, drug use, a history of
psychological disorder, physical illness, stress, fatigue, or lack of effort, al of which can lower test
Scores.

Potential Discovery Disputes

Neuropsychol ogists occasionally object to producing the raw test data arguing that the tests, test
materials, and test results are barred from discovery. They sometimes argue that the data may only
bedeliveredtoatrained professional, to prevent being misinterpreted by an unqualified lawyer. They
will claim that neuropsychologists are barred by their code of ethics from delivering such
information to lawyers. Most neuropsychol ogists recognize however, that the raw test information
addsvalidity totheir conclusionsregarding demonstrated cognitiveimpairment, and will voluntarily
deliver therequested materials. Theplaintiff clearly hastheright to that information, and haswaived
his/her claims of any privilege with the filing of the lawsuit. Wardell v. McMillan, 844 P.2d 1052,
at 1065-66 (Wyo. 1992). It may be necessary to obtain a court order for the production of the
materials. Courts generally require disclosure of records that are pertinent to the claims of mental
or cognitive impairment that was allegedly caused by an accident, and view with skepticism claims
by neuropsychologiststhat only they are capabl e of using and interpreting the data. Pursuant to Rule
26, raw test materials and data are clearly relevant to theissue of plaintiff'slevel of functioning and
clamsof traumatic braininjury. In Sate of Missouri exrel Svejda v. Circuit Court, 88 S.W.3rd 531
(Mo. App. 2002), the court rejected the claim that production of raw neurological test datawould
violate the ethical principles of psychologists, and that the ethical rules allow a psychologist to
discloseraw dataonly to persons qualified to use and interpret the data. The psychologist offered to
provide the datato any qualified expert named by the defendant. After noting that the psychol ogist
- patient privilege afforded in Missouri was waived by placing her mental condition at issue, the
court stated:

We do not find any exception to any Missouri's broad discovery rulesthat permits a psychologist to
interpose his profession's ethical principles to bar otherwise legitimate discovery. On the contrary,
Rule56.01(b)(1) plainly saysthat aparty ‘ may obtain discovery regarding any matter, not privileged,
which is relevant to the subject matter involved in the pending action ..." (emphasis supplied). A
psychologist such asDr. Cowan should not be ableto unilaterally interpret hisprofessional rulesand
then decide that they bar discovery under this state's legal system. While we acknowledge and
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appreciate the ethical principles governing Dr. Cowan's work, those principles must yield to
Missouri's legal rules governing discovery of evidence.

Litigants run substantial risks if a neuropsychologist refuses to disclose all relevant data and
materias. In Anduszewski v. Cantello, 247 A.D.2d 876, 668 N.Y.S.2d 297 (A.D.N.Y. 1998), the
court ordered production of the treating psychologist's complete files, including tests administered
to plaintiff, along with tests books, instruction, manuals, raw test data, questions, answers, profiles
and means of scoring the test. Plaintiff produced some but not all requested materials. The court
precluded the psychol ogistsfrom testifying and precluded the plaintiff from using their filesat trial,
noting on page 298:

The fact that plaintiff's doctors were uncooperative in producing reports does not
relieveplaintiff of her burden of providing defendant with the documentation necessary
to prepare adefense ***.

See also Drago v. Tishman Construction Corp., 777 N.Y.S.2d 889, 893 (N.Y. 2004).

Conclusion

Detailed discovery of al matters that effect the level of functioning, both before and after
an accident, are of utmost importance in order to properly evaluate the propriety of brain
injury claims. Unfortunately, there are no shortcuts to proper preparation of this very
complicated subject matter.

Footnotes

al John Sundahlisthesenior partner at thelaw firmof Sundahl, Powers, Kapp & Martin, 1725 Carey
Avenue, Cheyenne WY 82001.

Bruce H. Stern, Rethink Cross-Examsin Traumatic Brain Injury Cases 48 Trial 16 (April,
2012)?

*17 Mild traumatic brain injuriesdon't havetelltale signs, which iswhy the defenseislikely to call
amedical expert to testify that there is no objective evidence to support your client'sinjury. Don't
try to discredit this witness; instead, get that expert to prove your case for you. Here's how.

| F you'veever represented aclient with amild traumatic brain injury, you know what it'slike at trial
to have to sit patiently while the defense leads its medical expert witness through his or her
testimony, selectively presenting your client'shistory. Theexpert may emphasizethelack of adirect
blow to your client's head, no loss of consciousness, and post-injury medical test results within
normal ranges--basically arguing that there is no objective evidence to support your client's

Copyright © 2012 by the American Association for Justice; Bruce H. Stern
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subjective complaints. You want to scream when he or she testifies that even if your client did
sustain a minor concussion, everyone recovers within six to eight weeks.

Then thejudgeturnsto you and says, “Y our witness, counsel.” Theurgeisto jump up and attack--to
eviscerate opposing counsel's medical expert.

But consider another approach: Make the defense's medical expert witness your own. It seems
counterintuitive to one of the purposes of cross-examination, whichisto discredit the testimony of
the opposing counsel'switness, but by not putting the witness on the defensive, he or she may prove
your case for you.

Tria lawyer Carl Bettinger cautions that in cross-examination, “You need not ‘destroy’ every
witness by discrediting everything one says or showing that each expert is a hired gun.”? Trial
consultant David Ball says, “ Most often the defense case pushesyour harms case out of the spotlight.
Don't let it. Keep the jurors thinking about harm at every opportunity.”Z Using thisadvice *18 asa
springboard, the following lines of questioning will get the defense's medical expert to bolster your
client's case during cross-examination.

But this cross-examination does not start when thetrial judgeturnsto you and says, “ Y our witness.”
It startswhen you are preparing for trial. Y ou must familiarize yourself with the scientific literature
on traumatic brain injury, including peer-reviewed journals such as the Journal of Head Trauma
Rehabilitation, Brain Injury, and the Archives of Clinical Neuropsychology.2

Investigate which aspects of traumatic brain injuries are not open to interpretation. When medical
experts are on the stand, they are inclined to provide their medical opinions. Instead, you'll want to
get them to acknowledge facts. It's unlikely for experts to disagree with you when asked to
acknowledge the objective scientific evidence. However, solicit their medical opinions and you'll
find very little agreement.

On the Stand

Start with obtaining concessions from opposing counsel's medical expert that help undermine the
defense'sthemebut, moreimportant, debunk any myths about traumatic braininjuries For example,
ask the witness:

» Would you agreethat aperson could sustain abrain injury--for example, in acar crash--evenif that
person does not strike his or her head? Perhaps simply due to the stop-and-go forces that occur in
arear-end collision?

* Does a person have to lose consciousness to sustain a brain injury?

» Can you rule out or reject the diagnosis of traumatic brain injury simply because a person did not
lose consciousness?
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» Does anormal neurological examination rule out the diagnosis of traumatic brain injury? That is,
can apersonwith atraumatic braininjury still havenormal resultsfrom aneurol ogical examination?

* Do you agree that MRI and CT scans are often normal when performed on a patient who has
suffered amild traumatic brain injury?

* Isit true that MRI and CT scans are often not sensitive enough to detect brain damage?
* |sit true that the reason a doctor orders an MRI or CT scan isto look for a brain bleed?

* lsn'tit truethat emergency department physiciansoften fail to diagnosetraumatic braininjury even
when the patient has sustained such an injury?

* A person who has sustained atraumatic brain injury may experiencethe symptomsfor alongtime,
correct?

* Isit true that some people with traumatic brain injuries never fully recover?
Definethelnjury

Using an accepted definition of mild traumatic brain injury will force the defense's medical expert
to acknowledge that your client sustained this type of injury. One of the most widely accepted
definitions, devel oped by the American Congressof Rehabilitation Medicine, states: “[P] atientswith
mild traumatic brain injury can exhibit persistent emotional, cognitive, behavioral, and physical
symptoms, alone or in combination, which may produce a functional disability.”®

First, get the defense's medical expert to agree that this definition is widely accepted and relied on
by expertsin the field to diagnose mild traumatic brain injury. And get him or her to agree to the
definitionitself. Then connect each of your client'ssymptomsto the definition. Symptomsfall under
one of the following categories.

» Physical symptoms (nausea, vomiting, dizziness, headache, blurred vision, sleep disturbance,
quicknessto fatigue, lethargy, or other sensory loss) that cannot be attributed to other causes.

* Cognitive deficits (involving attention, concentration, perception, memory, speech/language, or
executive functions) that cannot be completely accounted for by emotional state or other causes.

* Behavioral changesor alterationsinthedegree of emotional responsiveness(irritability, quickness
to anger, disinhibition, or emotional lability) that cannot be accounted for by a psychologica
reaction to physical or emotional stress or other causes.

*19 Thisisalot of information for jurors to grasp, so avisual aid may help them understand the
concepts. | create an enlarged chart that lists each symptom under these three categories. Then, | go
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through the chart with the defense's expert, checking off each of my client's symptoms to
demonstrate that he or she meets the definition.”

Get the defense's expert to acknowledge that your client experienced these symptomsfollowing the
injury and to acknowledge how these symptoms affect your client's activities of daily living. For
example, ask him or her:

* My client has complained of problems of attention and concentration since the injury and
underwent neuropsychological testing. The results demonstrated problems with attention and
concentration. Is neuropsychological testing objective?

* Problems with attention and concentration are cognitive deficits consistent with mild traumatic
brain injury, correct?

» Would you agree that the symptoms that my client has complained about meet the criteriain this
scientifically accepted definition?

» Would you agree that people with mild traumatic brain injury who have physical, cognitive, and
behavioral symptoms experience problemsin activities of daily living?

* Can they also experience problems at work?
Establish a Basdline

Even when you can get opposing counsel's medical expert to acknowledge that your client has
trouble with activities of daily living, you still need to tie your client's problems to the specific
traumathat isthe basis of thelawsuit. Thedefensewill try to attribute your client's problemsto some
prior injury or illness even if unableto specifically identify it. Uselay witnesses, such asfamily and
longtime friends or coworkers, to counter this defense. Their testimony will go a long way in
refuting the defense's all egationsthat your client's symptoms, impairments, or disabilities pre-dated
the traumatic incident.

To establish a patient's overall level of functioning in activities of daily living, psychiatrists use a
tool calledthe Global Assessment of Functioning (GAF) Scale.2Itidentifiesthe patient'sfunctioning
on ascale of 0to 100. Patients with arating from 91 to 100 are “ superior functioning”; essentially,
they are without symptoms. A rating of 41 to 50 isfor symptoms that lead to antisocial behavior or
socia dysfunction. Patients who score at the bottom of the scale, such as between 1 and 10, pose a
threat to themselvesor others, cannot maintain their personal hygiene, or aresuicidal. These patients
are mostly dysfunctional on adaily basis and in need of immediate help.

Although the GAF Scale is for evaluating a patient's level of functioning at the time of
administration, a psychiatrist can also useit to evaluate your client's functioning prior to theinjury.
Establishing a normal pre-injury baseline can help defeat the defense's prior injury or preexisting
illness defense.
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Ask the expert if he or she assessed your client's level of functioning using the GAF Scale. The
answer islikely to be*no,” but if he or she answers“yes,” ask for your client's score. Also ask if he
or she assessed your client's level of functioning within a day or week of the injury so that a
pre-injury baseline can be established.

If the defense'smedical expert did not do assessment, make him or her do it on the stand. Say to him
or her:

* Let's determine that baseline now. Do you have any evidence that my client was having any
problems at home or work?

* In preparing your report, did you interview any of my client'sfamily, friends, or any of the people
who work with him or her?

» Were you provided with the names and statements of my client's family, friends, or people who
work with him or her?

* Did any of those statements suggest that my client was experiencing any problems?

* Returning to the chart that defines mild traumatic brain injury, was there any evidence that my
client was experiencing any of these problems before the crash?

» Would you agree that my client's level of functioning shortly before this crash would put him or
her in the 90-100 range, which is normal to superior?

Your client's case isn't weakened if he or she has a preexisting psychiatric condition, such as a
history of depression or anxiety, or drug abuse or dependence. People with ahistory of psychiatric
conditionsare at higher risk for poorer outcomes following mild traumatic brain injury,2 which can
explain why your client did not fully recover.

If your client has a history of a psychiatric condition, ask the defense's medical *20 expert the
following questions:

* You testified that my client fully recovered from any injury that he or she might have sustained.
Is that based on population statistics that 85 to 90 percent of people with mild traumatic brain
injuries fully recover within the first 6 months?

» Were you provided with my client's medical records?

» Does my client have a history of a psychiatric condition?
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» Would you agreethat peoplewho have ahistory of depression or anxiety, for example, haveworse
outcomes following an injury?

* Isahistory of depression arisk factor for a poor outcome following a traumatic brain injury?

» Would aperson such asmy client, who hasahistory of apsychiatric condition, be expected to have
aworse outcome than someone with no history?

 Could my client's history explain why he or she did not fully recover?

The defense will likely try to undermine your client's mild traumatic brain injury case by calling to
the stand amedical expert witness who can obfuscate the facts. Cross-examination enables you to
use the defense's own expert to tell your client's story. It is an opportunity to debunk the myths of
mild traumatic brain injury, to establish a pre-injury baseline, and to demonstrate that your client's
symptoms meet the definition of traumatic brain injury. While the natura inclination may be to
attack, think again. Don't let a golden opportunity to enhance your client's damages through
Cross-examination go to waste.

MORE ON TRAUMATIC BRAIN INJURY

Visit the Web pages below for additional information.

AAJ SECTION

Motor Vehicle Collision, Highway, and Premises Liability

www.j ustice.or g/sections

AAJLITIGATION GROUP

Traumatic Brain Injury

www .justice.or g/litgroups

LITIGATION PACKET

“Traumatic Brain Injury”

www . ustice.or g/exchange

AAJ EDUCATION PROGRAM

“Specialized Track: Traumatic Brain Injury Litigation” (Convention track # 402-P07)
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www.PlaybackAAJ.com
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Bruce H. Sern is a shareholder with Sark & Sark in Princeton, N.J. He can be reached at
bstern@stark-stark.com.

Carl Bettinger, Twelve Her oes, OneVoice: Guiding Jurorsto CourageousVerdicts128 (Tr. Guides
2011).

David Ball, David Ball on Damages:. The Essential Update: A Plaintiff's Attorney's Guide for
Personal Injury and Wrongful Death Cases, 189 (2d ed., Natl. Inst. Tr. Advoc. 2005).

Seealso Brain TraumaFound, www.braintrauma.org; Ctrs. for Disease Control & Prevention. Injury
Prevention and Control: Traumatic Brain Injury, www.cdc.gov/traumnticbraininjury; Natl. Insts.
of Health, Natl. Inst. of Neurological Disorders & Stroke, NINDS Traumatic Brain Injury
Information Page, www.ninds.nih.gov/disorders/tbi/tbi.htm.

Ten common mythsare: mild traumatic braininjury isnot serious; |0ss of consciousnessisnecessary
to sustain a traumatic brain injury; one must strike one's head to suffer a traumatic brain injury;
negative MRIs, CT scans and el ectroencephal ograms rule out brain injury; the effects of traumatic
brain injury are immediate; neuropsychological testing is subjective; cognitive impairments on
neuropsychological testing must fit apredictabl e pattern; children with traumatic braininjury al get
better; mild traumatic brain injury isnot permanent; and mild traumatic braininjury isnot disabling.
Bruce H. Stern & Jeffrey Brown, Litigating Brain Injuries, ch. 2 (AAJ Press 2011).

Janet M. Powell et a., Accuracy of Mild Traumatic Brain Injury Diagnosis, 89 Archives Physical
Med: & Rehab. 1550 (Aug. 2008). The study found that emergency department physicians missed
the diagnosis of brain injury in 56 percent of cases.

Mild Traumatic Brain Injury Committee of the Head Injury Interdisciplinary Specia Interest Group
of the American Congress of Rehabilitation Medicine, Definition of Mild Traumatic Brain Injury,
8 J. Head Trauma Rehab. 86. 87 (1993); see also David K. Menon et a., Position Satement:
Definition of Traumatic Brain Injury, 91 Archives Physical Med. & Rehab. 16.17 (Nov. 2010).

Seealso Cirs. for Disease Control & Prevention, Facts About Concussion and Brain Injury: Where
ToGet Help 1-2, 4-7, www.cdc.gov/concussion/pdf/Facts_about_Concussion TBI-a.pdf; HeadsUp:
Facts for Physicians About Mild Traumatic Brain Injury (MTBI),
www.cdc.gov/Ncipc/pub-res/tbi_toolkit/physicians/mtbi/mtbi.pdf.
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8 Diagnostic and Satistical Manual of Mental Disorders 34 (4th ed. text rev., Am. Psychiatric Assn.
2000).
9 See George Mooney & John Speed, The Association Between Mild Traumatic Brain Injury and

Psychiatric Conditions, 15 Brain Injury 865 (Jan. 2001); Jeffrey M. Rogers & Christina A. Read,

Psychiatric Comorbidity Following Traumatic Brain Injury, 21 Brain Injury 1321 (2007).

Samuel D. Hodge and Shilpa Kadoo, A Heads-Up on Traumatic Brain Injury in Sports 17
Journal of Health Care Law and Police 155 (2014)®

“You are supposed to be tough. You are supposed to play through pain. You are not supposed to
cry. We are taught that early on in the game askids. . . . It's like the gladiator. People want to see
the big hits. They wind up on Sports Center. And as a player, you don't want to admit you are
injured.”

-Eric Dickerson
Hall of Fame Running Back
l. Introduction

Football took away the ability of young Zackery Lystedt to live anormal life, but he continues to
change the face of sports.2 During a game, he received a severe blow to the head and fell to the
ground in pain.2 After abrief respite, Zackery returned to the contest and received a second hit to
his cranium causing a brain * 156 hemorrhage.? He was “in and out” of acomafor several months
and physicians questioned whether he would survive:2

Zackery's story did not end with thistragic event but became the motivation for achangein theway
head injuries involving student athletes are managed.® At the time, this thirteen-year-old lived in
Washington but that state had no laws pertaining to concussions.” There was alack of awareness
about the consequences and risks associated with “return to play” following thisform of traumatic
brain injury. Because of the determination of anumber of peopleimpressed with Zackery's plight,
Washington became the first state to enact the Lystedt Law.2 This model legislation requires
mandatory education for athl etes, parents, and coaches concerning the dangers associated with blows
to the head 22 If an athleteis suspected of having aconcussion, that individual may not resume play
until alicensed health care professional clears the athlete to return.t

Because of Zackery's case,*2 and the highly publicized suits by former professional football players
against the National Football League (NFL),2 the public has gained a much better appreciation of
the health issues associated with brain injuries, including the greater propensity for cognitive
slowing, increased * 157 propensity for re-injury, early onset of Alzheimer's disease, second impact

8 Copyright (c) 2014 by Samuel D. Hodge, Jr. & Shilpa Kadoo.
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syndrome, and chronic traumatic encephalopathy.* This awareness has also prompted state
legislatures as well as governing sports organizations to establish rules and policy changes focused
on the increased safety of athletes, along with standardized medical care.2

II. Traumatic Brain Injuriesand Concussions Defined

A traumatic brain injury (TBI) does not have a single agreed upon definition. Nevertheless, it isa
major health problem in the United States, resulting from traumarto the head from such things asa
blow or ajolt.® It can also be caused by a penetrating head wound that interferes with brain
function.Z Asnoted in Bennett v. Richmond,2 a TBI happensin the course of aclosed head injury,
and its severity can vary from mild to severe® According to the National Collegiate Athletic
Association's (NCAA's) Sports Medicine Handbook, a mild TBI involves “a complex
pathophysiological process affecting the brain, induced by traumatic biomechanical forces.”2 On
the other hand, asevere head injury isoneinwhich person haslost consciousnessfor at least for six
hours, or theindividual suffers post-traumatic amnesia for twenty-four hours or more.%

A related form of brain traumaisaconcussion.? Thisterm wasdefinedin Phamv. Wal-Mart Stores,
Inc. asamild traumatic brain injury, which usually occurs after ablow to the head.Z A concussion
hasal so been |abel ed an atered * 158 di sturbance of brain function resulting from trauma.2 Asthese
varying definitions point out, physicians and sports medicine researchers do not agree on one exact
definition of this condition.Z2 Nevertheless, the experts agree that a concussion is an injury to the
brain,® and this type of insult can result from any form of recreational activity, sports or trauma.
Therefore, sports enthusiasts, parents, and coaches need to become familiar with the symptoms of
this form of brain injury and how to proceed if such trauma happens.2

Concussions are often referred to as mild TBIs.2 It isimportant to note, however, that concussions
may be considered mild TBIs, but not all mild TBIs are concussions.2 These types of braininjuries
areusualy self-limited in length.2 The American Academy of Neurology label ed thisform of injury
as a “traumarinduced ateration in mental status that may or may not involve loss of
consciousness.”# On the other hand, the American Medical Society for Sports Medicine explains
aconcussion as “asubset of mild traumatic brain injury (MTBI) which isgenerally self-limited and
at the less-severe end of the brain injury spectrum.”#

Anatomically, the brain is asoft structure that has the consistency of gelatin, and a TBI takes place
when some form of energy is transmitted to this delicate structure. This energy can be caused by
diversefactors, from awhiplash-typeinjury to acranium-fractured skull.2 The outcome of theinsult
isamixture of metabolic, ionic, and functional changes resulting in an axonal injury.2® Symptoms
*159 of a concussion include loss of consciousness, headache, dizziness and vertigo, lack of
awareness, nausea, vomiting, mental dysfunction, sleep deprivation, and tinnitus.%

Both TBIs and concussions have the potential to have long-term neuropathological, neurological,
and neurobehavioral consequences.® Y et concussions are transient in nature, typically emphasized
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ashaving moreof afunctional rather than structural impact.2 L oss of consciousness may or may not
be present,2 a structural injury may occur whether aloss of consciousness takes place at the time
of insult.2

I11. An Overview of the Problem

Sportsplay alargerolein society.* Statistically, approximately 30 million children and young adults
engage in some type of structured sports events annually.% In just this popul ation alone, more than
3.5million sport-related injuries occur annually. Historically, concussions have not been given the
attention that they deserve by the sports and medical community.® Generally, *160 sports
enthusiasts who incur a mild concussion return to the game in short order as though nothing had
happened.?® After all, it is a common mantra shared by many athletes that they should push
themselves beyond their normal endurances* This includes playing with a variety of injuries®
Additionally, athletes have an innate desire to help their team win, which often takes precedence
over theirindividual safety.®® Thiscausesathletesto underreport medical problemswhich may cause
them to miss time from the game.2 There may also be other reasons to excel in sports, such as
schol arship opportunitiesor being drafted by the professional s.2X Even some parents may be adverse
to pulling their son or daughter from the event because of a desire for them to perform well
Furthermore, physicians cannot attribute a specific number of incidents prior to the onset of
permanent brain damage.>

A. Concussions

Concussions are a.concern in contact sports, particularly in football and hockey,> because once an
individual is cleared to play, the athletes return to an environment in which ahead injury is likely
to reoccur.® In fact, position and style of play seem to have a bearing on the chances of sustaining
aconcussion.2 Concussions typically occur asthe result of “ player-to-player” contact.>> Therefore,
sportsinwhich collisions are aregular part of the game will result in a higher percentage of athlete
concussions.2 For instance, the positionsin * 161 professional football that have higher numbers of
concussion include running backs, defensive backs, quarterbacks, and wide receivers.® In fact, a
player in one of these positions hasthreetimestherisk of suffering concussionsthan a“lineman” £
It is no wonder that college and professional football are discouraging runbacks on kickoffs since
these athletes have four times the risk of sustaining concussions as athletes involved in a running
or passing play.2t Linebackers and running backs in high school are the most frequent players to
suffer concussions at that level of competition.2 There is also misconception that soccer is“ safe”
to play but these athletes suffer concussions as the result of player-to- player contact;% however,
studies show that head injuries occur with some frequency in those sportsin which the head is used
as part of the game, such asin soccer.® It is difficult to implement safeguardsto protect the head in
this sport, such as requiring the wearing of head gear, because heading is an integral part of the
game.® In fact, one study reported that that at |east 60% of those playing soccer on the collegiate
level devel oped symptoms compatible with aconcussion during aseason.® These statistics vividly
demonstrate that head injuriesin soccer are more common than most imagined.” An investigation
performed by the U.S. Consumer Product Safety Commission reveals that 40% of concussionsin
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soccer result from head-to-player contact;® 12.6% are caused by the soccer ball striking the
cranium;® 10.3% result from the player's head contacting the goal post, ground, or wall;“and 37%
are not specified.2

The effects of concussions are revedled through neuropsychological tests, which measure
concentration, problem solving, memory, visual-spatial, counting, *162 and language skills.”2
Common results of concussionsinclude deterioration of planning and memory, functionswhich are
controlled by the brain's frontal and temporal lobes.”2 In addition, difficulty with memory of new
material, attention, information processing speed, and integrative tasks contributing to executive
function have also been shown to occur.” Studies show that soccer players who regularly head the
ball experience more concussions, and are more likely to exhibit impaired performance on
neuropsychological tests.” It isnot surprising that those who sustain repeated concussionsin footbal|
also report worse performances on neuropsychological testing than players with either a lone
concussion or no concussion at all .

Most concussions will become asymptomatic as long as the person is alowed the proper time to
rest.” Playerswho return to sports prematurely following aconcussion, however, areat anincreased
risk of developing permanent brain damage; this risk is even greater in children because their
brains are still developing.”2 This vulnerability is attributed to the difference in blood volume,
blood-brain barrier, the brain's water content, amount of myelination, cerebral metabolic rate of
glucose, and other metabolic factors.2 A child'sbrain may al so have less cognitivereservesthan the
adult brain.2 This may explain the proven increase in time required to recovery from concussion
seenin younger athletes.2 Catastrophic consequences are more probablein younger athletesand are
believed to be linked to the physiologic differences between younger and older brains.

B. Second Impact Syndrome

While a single, isolated concussion will not typically cause death, repeated TBIs may cause
cumulative damage to the brain, resulting in severely harmful effects.# For example, repeated
concussionsraisethe probability that second * 163 impact syndrome,2 apotentially fatal condition,2
will occur.ZZ As noted in Parker v. South Broadway Athletic Club,2 this syndrome is demonstrated
by a swift swelling of the brain.2 After theinitial concussion, brain cells that are not irreversibly
destroyed remain vulnerable.2 A second hit to the head while an athlete is still recovering from a
prior concussion could lead to afatal herniation of the brain.2

Returning to athletics too soon after sustaining second impact syndrome placesthe person at risk of
permanent disability and even death.2 Unfortunately, sideline personnel are not usualy able to
diagnose thisinjury during the event, thereby complicating the problem.2 The only way to identify
it isthrough magnetic resonance imaging (MRI) or computed tomography (CT) scans of the brain,
yet these techniques may not even catch the subtle pathol ogy associated with concussions.

C. Chronic Traumatic Encephalopathy
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Another harmful effect of repeated concussions and brain trauma is chronic traumatic
encephal opathy (CTE).2 This condition is closaly associated with athletes who play contact sports
such as boxing,% football, wrestling, and hockey. * 164 CTE is a progressive neuro-degeneration
clinically associated with memory disturbances, behaviora and personality changes, Alzheimer's
disease, Parkinson's disease, and speech and gait abnormalities.® It eventually |eads to dementia.®
It is also characterized by numerous pathological conditions, including brain atrophy.® Further,

CTE develops well before clinical manifestation of its symptoms. 2%

V. Statistics

The scope of the problem with TBIsis far-reaching. According to the Centers for Disease Control
and Prevention (CDC), more than 300,000 sportsand recreation-related TBIs occur each year inthe
United States® In fact, it is believed that at least 3.8 million concussions occur annually in this
country during sports activities!® Unfortunately, 50% of these concussions go unreported.’®
Concussionsin scholastic sports are a so on therise, after an eleven-year study ascertained that the

number of concussions in scholastic sports increased 16.5% since 1997.1%

Thisissueisone of great concern, particularly because it involves the brain, which isincapabl e of
regeneration.’® Brain injuries are also one of the leading causes of death in athletes and a source of

catastrophic injury X~

V. Athletes Stories

Numerous athletes are negatively affected by the lack of proper concussion management. One such
personisMerril Hoge, asix-foot-two-inchtall, two hundred thirty-pound professional football player
and current sports announcer.X® This rugged athlete suffered a concussi on during a preseason game
while playing *165 for the Chicago Bears!® He described the experience as fedling like an
“earthquake. . . | got hit from at |east three directions. | had a hard time getting up, but | stayed in
for two more plays and walked to the sideline. | played the next week, even though | had trouble
remembering plays.” 2 Six weeks |ater, Hoge sustained another concussion during agame.t Ten
dayslater, hissymptomsremai ned unabated and he complai ned of headaches, dizziness, theinability
to stay awake, and his memory was impaired.222 In addition, he had trouble with his short-term
memory, including remembering what he was speaking of from one minuteto the next.X2 L ater that

year, Hoge retired from the NFL at the age of twenty-nine.2

Mike Webster, an all-pro center for the Pittsburgh Steelers and member of the NFL Hall of Fame,
died at the age of fifty from a heart attack™ Following the end of his football career, hislife took
an unfortunate turn, and he became unemployed because of hisinability to complete the duties of
hisjob.1 Following his death, an autopsy confirmed the presence of CTE, most likely the result of
repeated blows to his head during his football career.t’
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Terry Long, another former Pittsburgh Steelers player, committed suicide at forty-five years old .22
Long displayed similar symptoms to those displayed by Mr. Webster, including depression and
erratic behavior 22 CTE was discovered at autopsy, aby-product of hisfootball career and repeated
blows to the head 2

These examples are not isolated. In 2005, the University of North Carolina's Center for the Study
of Retired Athletes surveyed thousands of former NFL players on their experiences with
concussions.*2 The survey determined that the players risk of suffering from neurological illnesses
such as Alzheimer's disease, depression, and cognitiveimpai rment was proportionate to the number
of concussions they suffered.22 Players who suffered three concussionsin their lifetime had more
than three times the rate of clinically diagnosed depression and * 166 five times the rate of mild

cognitive impairment, a precursor to Alzheimer's disease.*%

VI. Post-Concussion Testing and Return to Play Guidelines

Recognition and management of concussions is a topic of much controversy.#* Recent data
suggested atrend of increased annual concussion rates over the past decade.22 While the reason for
this increase is unknown, much emphasis is placed on concussion education and awareness for
players, coaches, physicians, and medical trainers.:2 Awareness, and an emphasis of theimportance
of following concussion guidelines, may play a key role in making a difference in the impact that
concussions have had on the brain and person. A lack of awareness of the impact of concussions,
however, may be the cause of athletesreturning to play sooner than they should. For example, Troy
Aikman, aformer quarterback for the Dallas Cowboys, sustained eight detected concussionsin his
professional career.2’ Aikman's performance on the field declined, causing many to blame the
concussions.2 Though Aikman was treated by medical professionals, he was assured that the
concussionswould have no long-term effects, so he continued to play.22 Theoretically, had Aikman
been informed of the long-term effects of concussions, he may have chosen to take some time off
to rest or perhaps even retire in order to prevent any future damage.

A. Concussion Guidelines

It is difficult to standardize the treatment of sports-related concussions because at least sixteen
different concussion guidelines exist.2 The guiding principle of the rulesis that any athlete who
remains symptom-free for seven days and failsto demonstrate any residual neurologic deficits may
be allowed to return to athletics.2

*167 1. American Academy of Neurology and Brain Injury Association Guidelines

The American Academy of Neurology (AAN) and the Brain Injury Association announced
guidelines for concussion management in 1997.2 The guidelines attempt to use neuroscience to
create a model for concussion management,:® and are based on a grading scale system that
determines the severity of the concussion.** A “Grade 1” concussion is defined as one that is
transient in nature, without any loss of consciousness, and where symptoms abate in under fifteen
minutes.2 Thisform of injury is hard to diagnose because the person does not |ose consciousness
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and has only temporary confusion.2® In order to treat Grade 1 concussions, the AAN recommends
removing the person from athletic participation, providing animmediate examination with follow-up
care spaced out in five-minute intervals, and permitting a return to play only if post-concussive
symptoms clear up within fifteen minutes.22 If the athlete suffers a second Grade 1 concussion in

the same game, he or she may not return to the event that day.:®

A “Grade 2” concussionistransient confusion with noloss of consciousness and symptomsthat |ast
longer than fifteen minutes.22 If the symptoms of a Grade 2 concussion last longer than one hour,
medical observation isrequired.22 A “Grade 3" concussion is any loss of consciousness, whether
brief or prolonged.:® This type of concussion is the most serious and the AAN guidelines
recommend extensive treatment %

InMarch of 2013, the AAN updated its sports management concussi on guidelines. Among the most
important recommendations made is that any athlete suspected of suffering a concussion must be
immediately removed from play.2 Additionally, the athlete must not return to play until assessed
by alicensed health * 168 care professional trained in concussions.* When the athl ete does return
to the sport, he or shemust return to play slowly and only after all acute symptoms are gone. High
school athletes and young children who sustain concussions must be followed closely, because it

takes their brains much longer to recover than college athletes. 2

2. The American Medical Society for Sports Medicine

In January 2013, the American Medical Society for SportsMedicine (AMSSM) published aposition
statement to provide a best practices summary for physicians who evauate and manage sports
concussions** The AMSSM took the position that any athlete believed to have sustained a
concussion should be removed from the game and examined by a licensed health care provider
trained in the evaluation and management of concussion.® The initial assessment should be
governed by asymptom checklist, cognitiveeval uation, including questions pertaining to orientation,
past and immediate memory, new learning, and concentration, balance tests, and an additional
neurologic physica examination.2* The AM SSM expressestheview that standardized sidelinetests
offer an important guide for the examination.2® The reliability of these tests among different
popul ations, however, isfor the most part indeterminate.22 Their usefulnessis also not completely
identified.22 Difficulty with balance, for example, may be diagnostic for a concussion but is not a
very sensitive symptom as it relates to the ability to correctly identify those with thisform of brain
trauma.22 Balance testing can differ from standard baseline tests because of such simple things as
the type of shoes being worn, artificial turf versus natural grass, and the use braces or tape.*

Asabasic rule, there should be no return to play for any athlete on the same day that the concussion
is diagnosed.* In fact, these athletes must be closely monitored to make sure that there is not a
diminishing of his or her physical or mental condition.2 In fact, concussion symptoms should be
resolved beforetheplayer isalowedto returnto exercise and this shoul d befollowed by ameasured,
*169 increase in sports related activities.’ If the symptoms resurface with this gradua return to
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play, the athlete must be rested.2 Therefore, areturn to practi cefollowing aconcussion should only

take place following the appropriate medical clearance.®

3. The Cantu Guiddlines

The Cantu guidelines, created in 1986, are based on the study and experience of Dr. Robert C.
Cantu, MD .22 These guidelines focus on repeated concussions in an athlete and are designed to
prevent second impact syndrome.t* They support the proposition that a return to play decision
should only be made by a qualified physician, but there may be some divergence from the doctor's

recommendation based upon individual circumstances. %

The Cantu guidelines also have agrading scal e system to determine the severity of aconcussion.%
An “asymptomatic” concussion is one in which there are no headaches, dizziness, memory loss or
inability to concentrate.®* Cantu describes a “Grade 1” concussion as one in which the patient
sustains no loss of consciousness and amnesia that last less than thirty minutes2® A “Grade 2"
concussion involves loss of consciousness of less than five minutes and post-traumatic amnesia
greater than thirty minutes.2® A concussion classified as“ Grade 3” requires amnesia of more than

twenty-four hours or aloss of consciousness greater than five minutes 2%

4. Colorado Guidelines

The Colorado Medical Society Guidelines (Colorado Guidelines) were established in 1991 as the
result of the deaths of several high school football players who sustained severe brain injuries.*®
These guidelines are quite rigorous and require emergency transport and close follow-up care for
those who are unconscious for any length of time.2® The Colorado Guidelines also create a three-
*170 tier grading system, with a“Grade 1" concussion involving symptoms that resolve within
thirty minutes with no signs of no amnesia or loss of consciousness.t? Those who sustain a
concussion labeled “ Grade 1" may go back to asports-related activity only if their symptoms clear
up after twenty minutes2 A “Grade 2" concussion encompasses those injures in which confusion
is present but there is no amnesia or loss of consciousness.t2 If, however, the person suffers two
“Grade 2" concussions, he or she must remain inactive for at least amonth.t2 Finally, a“ Grade 3

concussion requires a complete loss of consciousness.t2

5. Basdline Testing

Baseline testing, which involves a series of questions, is now standard protocol in many sports.t
This protocol requires a doctor or trainer to check the “athlete's orientation, memory, vision,
attention span, language, mental flexibility, and coordination.” The general protocol is for the
athlete to undergo a benchmark study at the start of the season in order to establish abaseline, and
then follow-up studies are conducted after a concussion is sustained.t

In 1995, the NFL first utilized avariation of this baseline testing technique, which involved testing
playersat established times both before and after a suspected concussion.22 This assessment, which
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became protocol in 2012, involves asking an injured player the following three questions: (1)
“Where are we?’ (2) “Who did we play in the last game?’ and (3) “What is the date today?’& In
addition, a baseline test done during physicals at the start of the preseason is utilized for
comparison.’¥ Both tools are used by all NFL teams after a pilot program was successfully
implemented by afew teams.2® By using such an assessment tool, results of a baselinetest and a
post-injury test are able to be * 171 compared side-by-side.2* The desired result is that this type of
comparisons “will speed diagnosis and assist doctors and trainers in recognizing when a player
should be removed from a game.”*® The goal of the NFL is to eventually have independent
neurologists present at a game to help team doctors in diagnosing and properly treating players.2£
The playersunionispushing for independent doctorswith an expertisein concussionswho will have
an almost exclusive authority in detecting concussions and administering tests.®” This will allow
them to focus exclusively on individuals who have a concussion, unlike team doctors who may be

busy tending to multiple players.t2

The post-injury test takes only six to eight minutes to administer and is comparable to baseline
testing.2® Thistype of test is desired becauseit provides acomparison of the two protocols, which
may show a decline in cognitive function.X®2 By way of comparison, both tests contain a player's
concussion history sectionin addition to atwenty-four-symptom checklist. 2 Athletesarethen asked
to self-assess themselves in categories such as sleeping problems, dizziness, confusion, and
irritability.22 Neck pain and reaction of pupils to light are recorded,*® and balancing and
concentration tests are administered 2

The marked difference contained in the post-injury test isthat it includes a series of five questions,
known as Maddocks questions, designed to test the orientation of the player.X® Such questions
include: Wherearewe?; What quarter isit right now?; Who scored last inthe practice or game?; and
Did we win the last game?%

6. Pre-Participation Qualification Process

Pre-participation qualifications are also used for standardized concussion treatment.2’ Under this
process, a physician decides whether an athlete is healthy * 172 enough to compete in athletics.2®
One areathat is assessed in this processis the medical history of an athlete, which includesinquiry
into any past episodes of loss of consciousness:® Pre-participation qualification attempts to
recognizemedical issuesthat prevent participationin sportsand devel op treatment and rehabilitation

plans to advise the player of which sports are suitable for participation.22

7. Ineffectiveness of the Guidelines

While these guidelines attempt to serve as a method in which to better manage and treat athletes
concussions, they are still not perfect. First of all, there are no standardized grades and testing for
concussions.?! As a result, concussions are handled in different manners based on the guideline
system which is utilized.Z2 The guidelines aso lack agreement on the specific time in which an
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athlete may returnto play, further increasing the disparity in the method of handling concussions. 22

Also, the guidelines fail to consider individual variability in the presentation of concussion
symptoms.2* In addition, the guidelinesrely on the reporting of theinjured athlete, who may or may
not befully aware of hissymptoms.22 A uniform management system for concussionswould better
serve the needs of athletes.2®

While these tests are helpful in diagnosing concussions, they are not perfect tools and may not
always detect all problems prior to aplayer's return to play.2~ For example, New Y ork Jets running
back Shonn Greene was hit in the head while playing in an NFL football game®® and was
consequently removed from the field after walking unsteadily.?2 He was able to pass the NFL
baseline tests and returned to the game.22 In addition, NFL quarterback Alex Smith was hit in the
head, resulting in blurred vision.2: Though he remained in the game for severa plays after passing
the NFL basdline tests, he was later found to have had a * 173 concussion.22 These examples
demonstrate that whilethesetestsare useful in detecting concussions, they should not be considered

as conclusive evidence 22

VI1I. Additional Efforts
A. International Conferencein Zurich

Every four yearssince 2001, theInternational Conference, consi sting of representativesfrom various
organizations including the NFL, the NHL, and FIFA, is held to find a consensus on the best way
to manage and prevent concussions in sports.24 One topic of discussion in 2012 was that of
symptoms and signs of an acute concussion.?2 It was determined that this diagnosis involves the
assessment of a range of areas, including cognitive, somatic, and emotional clinical symptoms,
physical signs such as loss of consciousness and amnesia, behavioral changes such as irritability,
cognitive impairment including slow reactions times, and sleep disturbances. 2 If any of these
symptoms are present, it was determined that aconcussi on should be suspected and that appropriate

steps must be taken. 2

It was also determined that if a player shows any signs of a concussion, the athlete should be
removed from play and be eval uated by aphysician or other licensed healthcare professional .22 Once
immediate first aid issues are addressed, sideline assessment tools should be utilized to assess the
concussiveinjury.22 All athletes should undergo aclinical neurological assessment, whichincludes
an evaluation of their cognitive function,? and should not be |eft alone following the concussive
trauma.22t The Conference also agreed that a player who is thought to have a concussion must not
be permitted to return to any athletic endeavor on the day of injury.22 Following a concussion,
athletes allowed to return to play on the same day may demonstrate neuropsychological deficits
post-injury that may not be* 174 evident on the sidelinesand are morelikely to have adel ayed onset

of symptoms.Z2

In order to assist in adiagnosis or exclusion of an injury, it was stated that conventional structural
neuroi maging contributes little to concussion eval uation.?? Neverthel ess, this methodol ogy should
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be used if a structural lesion such as a skull fracture exists.22 In addition, imaging modalities like
functional MRIs (fMRIs)?2 show patternsthat correl ate with concussions symptoms, their severity
and prognosis for recovery, and may offer further understanding into the pathophysiological
process.22 M agneti ¢ resonance spectroscopy (MRS)22 and positron emission tomography (PET),22
however, should not be performed unless done for research purposes, as these tests are still

considered investigational for brain trauma.z2

B. TheCDC's“Heads Up” Campaign

The CDC developed the “Heads Up” campaign to prevent and control TBIs in sports and increase
awareness about the dangers of concussions for young athl etes.Z It al so made numerous resources
available to the public to assist in this * 175 goal, such as guidelines to properly identify the signs
of concussions.ZZ Thisincludes aset of rulesfor high school coachesto follow.22 For instance, the
following rules apply when a coach suspects an athlete has suffered a concussion: (1) remove the
athlete from the game; (2) have the athlete examined by a physician; (3) notify the parents of the
athlete about the brain injury and provide information about concussion; and (4) do not allow the
athlete to participate in any sport activities on the day of the injury and until a physician allowsthe
athlete to return to sports.2

The National Federation of State High School Associations adopted the CDC's approach to
concussion recognition and management and established guidelines stating that coaches must be
aware of the symptomsand behaviorsthat signal apossible concussion.Z2 Furthermore, if an athlete
isthought to have aconcussion, that student must be removed from play immediately.Z8 No athlete
should return to play or practice on the same day that he or she sustains a concussion.ZZ While the

CDC guidelinesarenot mandatory, they serveasamode! standard of carefor high school coaches. 22

The CDC also provides a free online training course for healthcare professionals.22 This course
includes rules for concussion assessment and management of athletes who are suspected to have
sustained a concussion.22 Prior to approval of return to play, the individual must be asymptomatic

and returned to pre-concussion baseline status.22

*176 C. The AM SSM's Statement

The AMSSM recently published aPosition Statement for Concussionsin Sports®Z with the purpose
of “provid[ing] abest practices summary to assist physicians with the eval uation and management
of sports concussion.”?2 In addition, it was written in order to establish areas that may need
additional research.22 The AMSSM Position Statement is useful in that it provides guidance on the
recommended assessment for sports-related concession. First, it identifies anumber of risk factors
associated with sports-related concussions®2 such as a history of concussions or migraines, being
femaleor young, having alearning disorder, or an attention deficit disorder.2 |t further explainsthat
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sports concussions are best managed by qualified physicians who are familiar with the patient and
have experience rel ating to the assessment of concussions.2 In assessing aperson for aconcussion,
a number of steps should be used including a symptom checklist, cognitive testing for memory,
bal ance, learning, and concentration, and other neurol ogi ¢ procedures.22 Imaging modalities should
also be employed to assess cerebral bleeding.2? Those players found to have concussion like
symptoms should not be allowed to return to play that day and must be followed to make sure that

thereis not adeclinein physical or mental status.2°

The AMSSM Position Statement also expresses “ concern that head impact exposure and recurrent
concussions contribute to long-term neurological issues’ such as CTE.2! Because of the possibility
of recurrent concussions, the AMSSM Position Statement identifies the importance of improving
the diagnosis of concussions, their management, and prevention.22 The AM SSM al so addressed the
need for additional research to assess diagnostic tools, develop the proper role for
neuropsychological testing, and toimprovetheidentification processfor thoseat risk for developing
long-term problems.22 Evolving technol ogiesfor the diagnosis of concussion may also offer afresh
understanding on how to eval uate and manage concussions in sports.2*

*177 VI1I1. Concussion Litigation

Various cases have been litigated as a result of individuas suffering from sports-related
concussions.22 The cases range from suits agai nst coachesto claims against sports organi zations.22
For example, Merril Hoge, whosestory was previously discussed,?” sued the Chicago Bears athletic
trainer for not warning him about the signs and symptoms of his concussion and the risks of
returning to play while still symptomatic.22 Because he was unaware of this information, Hoge
claimed that he was denied the chance to recover from his brain injury22 and sought damages asthe
result of his premature retirement from professional football aswell as hisloss of earning power .22
He claimed that as aresult of his multiple concussions, he suffers from permanent damage such as
headaches, light sensitivity, anger-management issues, and problems with concentration and
memory.%! Furthermore, Hoge alleged that he was “ unableto fully attend to his ordinary dutiesfor
nearly ayear . . . and continuesto suffer from certain post-concussion signsand symptoms.” 22 Hoge
also demanded pain and suffering damages aswell asmoney for apermanent disability.22 Intheend,
thejury found in favor of Hoge and awarded him $1.45 million for thetwo years of his contract that
the Bears did not honor, along with an additional $100,000 for pain and suffering.2*

Suits by professional football players relating to concussions are not always successful 22 For
instance, Atkinsv. Bert Bell/Pete Rozelle NFL Players Retirement Plan involved aformer football
player who sued to gain more lucrative disability benefits as the result of aclaimed brain injury.2®
TheNFL PlayersRetirement Plan offersmonthly assistanceto qualified former professional football
players known as “Football Degenerative” or “Inactive” total and permanent disability *178
benefits.Z’ Footbal | Degenerative allowances are availableif the disability isthe result of “football
activities.”22 A player may obtain “Inactive” benefitsif hisdisability “ arisesfrom other than League
football activities.” 22 Atkinsasserted he could not work because of pain, headaches, and difficulties
in dealing with people.22 A doctor appointed by the NFL Players Retirement Plan concluded that
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Atkins suffered from illiteracy and borderline mental abilities, which were not related to Atkins's
prior football activities.2t He further concluded that Atkins suffered from depression, which could
not be determined to be the result of football, and pain which was the result of football 22 On the
other hand, the expert caled by Atkins testified that the plaintiff was experiencing severe
post-concussion syndrome and was “ probably beyond that into early traumatic encephal opathy.” 22
The court ruled in favor of the NFL Players Retirement Plan, holding that the former player only
qualified for “Inactive” disability benefits instead of the more lucrative “Football Degenerative’
benefits. 2 This decision was sustained on appeal .22

In Cerny v. Cedar Bluffs Junior/Senior Public School, a high school football player attempted to
recover money for ahead injury allegedly sustained as the result of the negligence of his coaches
who permitted him to return to the football game, and to participate in practice afew days later.2®
When he came out of the game following theinitial head injury, Cerny told the coaches that he felt
dizzy, disoriented, and extremely weak .2 Hewas al so observed to have shortness of breath.22 When
the coaches | ater observed him, Cerny appeared to be completely normal 22 The plaintiff showed
no signs of abraininjury such as disorientation, abnormal speech, or headaches. 2 His coachesalso
observed that hiscolor looked good, hiseyes|ooked clear, and his speech was normal 2 Asaresullt,
hewas allowed to re-enter the game.222 Even though this case exhibited asimilarity to that of Hoge's
case due to a failure to warn and because both players were allowed to return to play without a
recovery period, the court in Cerny found in favor of the * 179 school .22 The court determined that
the appropriate duty of a coach regarding the diagnosis of a brain injury was that of “a reasonably
prudent person holding astateteaching certificate with acoaching endorsement.” 2 In thisinstance,
the evidence supported the court's conclusion that the coaches conduct in evaluating Cerny and
allowing him to return to play were actions that would have been taken by a reasonable

state-endorsed football coach in asimilar position.22

In Shriber v. The Care Station, a high school football player sued a physician at an urgent care
facility. 2 Theplaintiff alleged that he suffered ahead injury during practice.22’ The doctor believed
that the student merely suffered from dehydration and therefore advised him not to engage in
athletics as long as he had a headache.Z2 On the other hand, Shriber maintained that the doctor was
negligent in failing to discover that he had sustained a concussion and for not informing him to stay
away from contact sportsfor fiveto seven days.2 Thejury foundin favor of the player and awarded
him $7.5 million. 2

Sports-related TBI litigation also occurs in a products liability setting.2! These matters often deal
with theliability of afootball helmet manufacturer to those who sustain abraininjury while playing
football 22 In Lister v. Bill Kelley Athletic, ahigh school football player wastackled during agame,
resulting in a head impact and a fracture of his cervica spine.2 Even though the player was
paralyzed, the lllinois appellate court held that the inherent danger of football precluded a duty by
the helmet manufacturer to warn auser of apossible head injury.2? Similarly, in Rawlings Sporting
Goods Co. v. Daniels, ahigh school football player brought suit against ahelmet manufacturer after
his helmet caved in when he collided with another player during practice, resulting in a massive
brain injury.22 The court found the manufacturer grossly negligent and held that the manufacturer
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should have provided awarning that the helmet would not protect against concussions and subdural
hematomas.2® The court stated that “where it is * 180 foreseeable that a consumer will rely on the
product, thus exposing himself to arisk he might have avoided had he known of the limitations,
thereisaduty to warn.”2’

Litigation also occursasaresult of concussions sustained from actionsthat were not part of agame,
such as during practice.22 In People of the State of New Y ork v. Schacker, an action was brought
against ahockey player who struck an opponent on the back of the neck with his hockey stick after
the play was over.Z2 The player suffered a concussion and memory loss asthe result of theinsult.2®
The court dismissed the action, holding that “the normal conduct in a hockey game can not be the
standard for criminal activity under the Penal Law, nor can the Penal Law beimposed on ahockey
game without running afoul of the policy encouraging athletic competition.” 3%

Concussion litigation is also brought in the context of insurance disputes.2% For instance, Boston
Mutua Insurance Co. v. New York Islanders Hockey Club, L.P. involved Brett Lindros, whose
hockey career was cut short by repeated concussions.22 The facts demonstrated that the Islanders
contracted with Boston Mutual Insurance Company for coverage, but failed to explainthat the player
had suffered three concussions within the year prior to becoming a member of the hockey
franchise2® The court found in favor of the defendant, holding that the Islanders “intended to
deceive the underwriters and that the misstatements had the effect of increasing theinsurers risk of
loss.”2%

Athletes a so suethe governing bodies of sport organi zations. For instance, in Serrell v. Connetquot
Central High School District of Islip, the plaintiff claimed that he suffered a serious injury as the
result of a series of head injuries incurred while playing football at high school 2® The plaintiff
instituted suit against the State Public High School Athletic Organization (Athletic Organization),
whose primary task wasto arrange sporting eventsfor academic i nstitutions.2 The student claimed
that the defendant failed to implement rules pertaining to head injuries and return to play protocols
and these omissions were the cause of his injuries2® The court found in favor of the Athletic
Organization because no * 181 factual issue was presented that the defendant's omission was the
cause of the student's injuries3® Rather, it was the responsibility of the school districts, the
individual schoolsand medical expertstoimplement rulesconcerning concussionsand returnto play
guidelines.2? Furthermore, the court found that as an administrative body, the defendant's primary
purpose was to arrange sporting events, and it did not have sufficient employees or expertise to

create mandates dealing with concussions and related i ssues.22

Sinceitiswell established that “ coaches and instructors have aduty not to increase therisksinherent
in sports participation,” 22 athletes are al so suing their coaches. Whether acoach has aduty to limit
participation of aninjured player to avoid exasperating aninjury largely deal swith theforeseeability
of further injury.22 In Zemke v. Arreola, a high school football player sued his coach for injuries
sustained asthe result of playing with aconcussion.2 The player, however, did not appear to have
ahead injury and did not inform his coach or medical personnel .22 Instead, he merely complained

of afinger injury.2 The player returned to the game and sustained aright subdural hematoma.3
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This case was dismissed because the evidence failed to establish that the coaching staff took any
actionsthat increased the player'srisk of aforeseeableinjury.28 Furthermore, it was established that
aplayer who does not notify the coach of an injury may be contributorily negligent thereby barring
or proportionally reducing any recovery to which the person is entitled.2

In Y atsko v. Berezwick, the plaintiff was a starter on her high school basketball team.22 During a
game, she leapt for a rebound and her head struck * 182 another player.22 She consequently
developed a headache and problems with her vision.22 When the game was over, Yatsko told a
coach that she had struck her head, and was having symptoms.22 The coach escorted the player to
her mother telling her that the plaintiff had been “bumped around in the game,” 3 but the coach did
not urge the player to talk to the trainer because she was afraid that the trainer would remove the

athlete from the game.22 The team had a game the following day, at which point the student

informed the coaches that she had sustained a concussion,2 and still exhibited symptoms of a
concussion during warm-ups.24 The coaches dealt with the problem by setting up a signal for the
athleteto use when she had to remove herself from the game.22 The coaches further encouraged her
to continue to play, noting that she was their tallest player.22 The plaintiff maintained that these
actions were the “legal and moral equivalent of pressuring, goading and coercing the Plaintiff . . .
to play the game after aserious head injury.” 2 The student intituted suit claiming that the coaches
conduct violated her due process rights.2 The court dismissed the claim, stating that it “could not
find a constitutional violation in conduct by a state actor that, as alleged, rises only to the level of

negligence.” 32

Cases involving sports-related injuries, but absent concussions, are instructive in ascertaining
liability-producing conduct for the management of a sport injury by a coach. Jarreau v. Orleans
Parish School Board, involvesahigh school running back who injured hiswrist.23 There was some
evidence that the wrist injury may have been exacerbated in subsequent athletic endeavors, but the
coaches continued to allow the student to practice and play in games.2 When the season was over,
the athlete's request for areferral to a sports medicine doctor was denied.22 While the court stated
that a coaching staff may not be expected to diagnosis the extent of an athlete'sinjury, they should
refer any player who continues to have medical problemsto aphysician.2® In finding the defendant
liable, the court noted this* 183 obligation is clear asthe result of relationship between acoach and
athlete. Therefore, a coaching staff has an affirmative duty to send a student for medical carein
the face of persistent medical complaints.2 A coach may alsoincur liability for failing to notify the
parents when an athleteisinjured, for not summoning arescue squad so that aplayer can obtain the
proper medical care® or when the coach allows an injured athlete to participate in sports before the
player receives the proper medical clearance.® Liability can aso attach when the coach mandates
that a student athlete play in the game while injured.2:

| X. Federal and State Statutes

Attemptsto enact remedial legislation on thefedera level have been unsuccessful 22 In May 2013,
however, abill wasintroduced in Congress to protect children from sports-related traumatic brain
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injuries and to eliminate misinformation about the safety of equipment by manufacturers.2 This
proposed law, entitled the'Y outh Sports Concussion Act of 2013, would al so require safety standards
for helmets and other protective gear, in addition to reducing the number of deceptive safety claims
by manufactures3* As one of the bill's sponsors noted: “We want our children to be active and
participate in sports, but we must take every precaution to protect them from traumatic head
injuries.”32

Onthestatelevel, lawsrelating to TBIsin sports have been more widely adopted. \Washington was
thefirst to pass remedial legislation on the topic in May * 184 2009.2% Thislaw sets guidelines and
standards to hel p recognize concussions and protect young athletes from further injury by returning
to play too soon.®! As aresult of the lobbying efforts by the NFL and the passage of the Lystedt
Law,2 most other states have enacted concussion |legisl ation.2

As of 2014, all fifty states, along with Washington, D.C., have enacted legislation addressing
concussions with most of them being modeled after the Washington law.2 Many statesincludethe
three basic tenets of the Lystedt Law: (1) the requirement of education for athletes, parents, and
coaches about the dangersof concussion, (2) thereguirement that if an athleteis suspected of having
aconcussion, he must be removed from the game or practice and may not return to play, and (3) the
mandate that a licensed health care professional must also clear the athlete to return to play in the
following days or weeks. 2! Beyond these three tenets, anumber of jurisdictions require coachesto
receivetraining, particul arly gui dance specific to concussi ons.22 Many juri sdictionsal so requirethat
such training be conducted on a regular basis.2 Others mandate that a statewide group develop
policies and standards for youth concussion awareness to be used by the state's school districts.®*

*185 Neverthel ess, there are many discrepancies between these laws.2 For example, only asmall
minority of jurisdictions require that states review and update their youth concussion information
outreach programs on aregular basis.2® In addition, few states focus on ensuring that incentives to
report concussions are provided.®! This is because few states lack liability clauses that impose
penalties on coaches who fail to comply with the legidlative provisions.22 Without enforcement

mechanisms, there s little incentive for compliance with such laws.22

X. Conclusion
Traumatic brain injuries are matters of great concern.2® It is a problem that permeates the sports
world among all athletes: whether young or mature athletes and amateur or professional 2 While
effortsarebeing madeto addressthis* 186 problem, athl etes, coaches, officials, and parentsall must
be educated about signs, symptoms, and dangers of these types of injuries.®2 They must also be
aware of the appropriate methods of evaluation and treatment.2® Effort must also be put forth to
ensure that standardized systems of approaching concussions are present.2* While most states have
passed laws addressing these i ssues, few statesimpose penalties on coacheswho fail to comply with

reporting requirements, therefore weakening the efficacy of the legislation.2®
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Am. 1525, 1535 thl. 4 (1997) (listing anumber of pre-participation physical evaluation questions).

Seegeneralyid. at 1525 (explaining the procedures aphysician must employ in the preparticipation
examination to decide if an athlete is healthy enough to participate in sports).

Id. at 1526.
Id.
Harmon, supra note 168, at 887.

Seeid. (explaining that grades vary by which guideline is used).
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Hecht, supra note 35, at 53.

Id. (quoting Michael W. Collinset al., Current Issuesin Managing Sports-Rel ated Concussions, 282
J. Am. Med. Assn. 2283, 2283 (1999)).

Id.
Hecht, supra note 35, at 54.

See Battista, supra note 180 (providing some doctors concern that the NFL concussion tests just
involve a checklist of items).

Paul McCrory et al., Consensus Statement on Concussion in Sport: the4th International Conference
on Concussion in Sport held in Zurich, November 2012, 48 J. Athletic Training 554, 555 (2013);
Associated Press, Expert: No Head Shots Beforel4, ESPN (Nov. 2, 2012), http://
espn.go.com/espn/story/ /id/8584853/concussion-expert-stresses-age-limit-blows-head
(demonstrating that FIFA hosted the conferences and advisors to the NFL and NHL were in
attendance).

McCrory et al., supranote 214, at 555-56.

Id. at 556.
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Id.
Id.

Seeid. at 556 (noting that it may take severa hours for symptoms to appear, and as a result, the
injury should be viewed as evolving in the acute stage).

Id.
Id.

This procedure involves the following:

Functional magnetic resonance imaging, or fMRI, is a technique for measuring brain activity. It
works by detecting the changes in blood oxygenation and flow that occur in response to neural
activity - when a brain area is more active it consumes more oxygen and to meet this increased
demand blood flow increases to the active area. fMRI can be used to produce activation maps
showing which parts of the brain are involved in a particular mental process.

Hannah Devlin, What is Functional Magnetic Resonance Imaging (fMRI)?, PsychCentral,
http://psychcentral .com/lib/2007/what-is-functi onal -magneti c-resonance-imaging-fmri/ (last visited
Sept. 14, 2013).

McCrory et al., supranote 214, at 556.

MRS is used to examine central nervous system disorders. Clinical Policy Bulletin: Magnetic
Resonance Spectroscopy (MRS), Aetna, http://
www.aetna.com/cpb/medical/data/200 _299/0202.html (last visited Oct. 15, 2013). Thisdiagnostic
imaging modality is non-invasive and employed to exam metabolic alterations in brain tumors,
seizure disorders, depression and other illnesses affecting the brain. 1d.

A PET scanisadiagnostic test of function that utilizes aradioactive substanceto look at organsand
tissues to see how they are working. PET Scan, Medline Plus, http://
www.nlm.nih.gov/medlineplus/ency/article/003827.htm (last visited Oct. 15, 2013).

McCrory et a., supra note 214, at 556 (explaining that these technologies have “demonstrat[ed]
some compelling findings, [but] are still at early stages of development.”).

Heads Up: Concussion, Ctrs. for Disease Control and Prevention,
http://www.cdc.gov/concussi on/headsup/index.html (last updated Sept. 24, 2012).
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See, e.g., Concussion in Sports: How Can | Recognize a Possible Concussion?, Ctrs. for Disease
Control and Prevention, http:// www.cdc.gov/concussion/sports/recognize.html (last updated Dec.
8, 2009) (listing tips on concussion recognition).

See Heads Up: Concussion in Sports, Ctrs. for Disease Control and Prevention,
http://www.cdc.gov/concussion/HeadsUp/youth.html (last updated May 24, 2012) (listinganonline
training course, factsheet, posters, quizzes, and other resources for high school coaches as part of
the tool kit).

Concussion in Sports: What Should | Do if a Concussion Occurs?, Ctrs. for Disease Control and
Prevention, http:// www.cdc.gov/concussion/sports/response.html (last updated May 16, 2012).

See Sports Med. Advisory Comm., Nat'l Fed'n of State High Sch. Assns, Suggested Guidelinesfor
Management of Concussions in Sports 2, 5 (Jan. 2011),
http://www.schsl.org/2010/concussion3-17-11.pdf (listing the “Heads Up: Concussion in High
School Sport” program as an additional resource).

Id. at 2.

Id.

Parisi & Bradley, supranote 32, at 16.

See Heads Up Concussion - Clinicians Training, Ctrs. for Disease Control and Prevention,http://
www.cdc.gov/concussion/HeadsUp/clinicians/index.html (last visited Sept. 22, 2013) (including
interactive training on concussion diagnosis, management, and prevention).

Id.

Id.

Harmon, supranote 24, at 15.

Id. at 16.

Id.

Id. at 18-19 (discussing various concussion risk factors).

Id.

Id. at 16.
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Id.

Id. at 23.

Id. at 21, 26.

Id. at 25.

Id.

Id. at 26.

Id. at 23-24.

See Timothy Davis, Tort Liability of Coaches for Injuries to Professional Athletes: Overcoming

Policy and Doctrinal Barriers, 76 UMKC L. Rev. 571, 592 (2008) (discussing various lawsuits by
NFL playersfor compensation for injuries, including concussions, asaresult of playinginthe NFL).

Seeid. at 596 (providing some of the difficulties professional athlete plaintiffs face in suits again
their team or coaches).

See supra notes 108-114 and accompanying text.

Hecht, supranote 35, at 21.

SeeDavis, supranote 255 (discussing the obstacles professional athletesfacewhen brining statetort
claims regarding concussions); see, e.g., Smith v. Houston Qilers, Inc., 87 F.3d 717, 717 (5th Cir.
1996) (dismissing the suit on preemption grounds based on a collective bargaining agreement).

694 F.3d 557, 559 (5th Cir. 2012).
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Id.

Id.

Id. 560-61.
Id. at 561.

Id. at 561-62.
Id. at 562-63.
Id. at 559-60.
Id. at 560.

679 N.W.2d 198, 202 (Neb. 2004).
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Id. at 200-01.

278

Id.at 201.

279

280

282

283

284

Compareid. at 207 (affirming the district court's that the coaches conduct met the standard of care
and that the School was not negligent.), with Hecht, supra note 35, at 26.

Cerny, 679 N.W.2d at 207.

285

Id. at 206-207.
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287

Hecht, supra note 35, at 30.

Id.
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Id.

Id. at 30-31.
Id. at 31.

Id.

Id.

Lister v. Bill Kelley Athletic, Inc., 485 N.E.2d. 483, 483 (11l. App. Ct. 1985).

294

Id. at 487.

295

619 SW.2d 435, 437 (Tex. Civ. App. 1981).

296

Id. at 440-441 (showing that based on the evidence, a jury could find that the manufacturer was

297

grossly negligent).

Id. at 439.

298

299

See, e.g., Cerny v. Cedar Bluffs Junior/Senior Pub. Sch., 679 N.W.2d 198, 206 (Neb. 2004).

670 N.Y.S.2d 308, 309 (N.Y. Dist. Ct. 1998).

300

301

Id.

Id. at 310.

302
303
304

305

Hecht, supra note 35, at 33.

See generally 165 F.3d 93, 93-95 (1st Cir. 1999) (discussing Lindrossinjury history).

Hecht, supra note 35, at 33 (citing Boston Mut. Ins. Co., 165 F.3d at 94-95).

Boston Mut. Ins. Co., 165 F.3d at 96 (stating the district court'sruling in the case). The First Circuit

306

upheld the district court's ruling. 1d. at 99.

721 N.Y.S.2d 107, 107 (N.Y. App. Div. 2001).

307

Id. at 107-08.
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Id. at 108.

309
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Avilav. CitrusCmty. Coll. Dist., 131 P.3d 383, 392 (Cal. 2006) (citing Kahnv. E. SideUnion High

313

Sch. Dist., 75 P.3d 30, 39 (Cal. 2003)).

Zemkev. Arreola, No. B182891, 2006 WL 1587101, at *2-3 (Cal. Ct. App. June 12, 2006). Seee.g.,
Lamorie v. Warner Pac. Coll., 850 P.2d 401, 401-03 (Or. Ct. App. 1993) (reversing summary
judgment so that a jury could determine if the exacerbation of a preexisting injury to a plaintiff
athlete's eye was foreseeabl e to his coach). But see, Stephenson v. Commercial Travelers Mut. Ins.
Co.,893 So.2d 180, 186-87 (La. Ct. App. 2005) (holding that school officialshad aduty towithhold
a student from further play due to an ankle injury, but granting summary judgment on other
grounds).

Zemke, 2006 WL 1587101, at *1.

319

Seeid. at *3-4 (finding that the medical and coaching staff were not put on notice because Zemke
did not disclose his head injury).

Stowers v. Clinton Cent. Sch. Corp., 855 N.E.2d 739, 746-47 (Ind. Ct. App. 2006) (upholding a

320

lower court's ruling that a genuine issue of material fact existed as to whether a plaintiff youth
football player who died of dehydration during a practice was contributorily negligent for ignoring
warnings to drink fluids and not reporting feeling sick to coaches).

No. 3:06cv2480, 2008 WL 2444503, at *1 (M.D. Pa. June 13, 2008).

321
322

323
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324 1d.
325 ld.
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328 Id.
329 ld.
330 Id.
331 Id.at*5.
332 Id.at*6.

333 600 So. 2d 1389, 1390 (La. Ct. App. 1992).

334 ld.

335 1d. at 1390-91.

336 Id.
337 ld.
338 Id.
339 SeeHalperv.Vayo, 568 N.E.2d 914, 920-21 (I1I. App. Ct. 1991) (finding that atriableissue existed

asto whether acoach was reckless when said coach failed to contact an injured student's parents or
paramedics and instead attempted to repair the injury himself).

340 See, eg., Cerny v. Cedar Bluffs Junior/Senior Pub. Sch., 628 N.W.2d 697, 705-06. (Neb. 2001)
(holding that coaches must make a reasonabl e determination whether to withhold a student athlete
complaining of concussion-like symptoms from further play until the athlete can be assessed by a
physician), abrogated by Cerny v. Cedar Bluffs Junior/Senior Pub. Sch., 679 N.W.2d 198 (Neb.
2004) (affirming lower court's finding of fact that coaches did not negligently fail to withhold
plaintiff from return to play).

Page 47 of 166



341

342

343

345

346

347

348

349

350

See Yatsko v. Berezwick, No. 3:06cv2480, 2008 WL 2444503, at *5 (M.D. Pa. June 13, 2008)
(discussing that liability could possibly beimposed had the plaintiff alleged that coaches* used their
authority to force her to play”).

Lesley Lueke, High School Athletes and Concussions, 32 J. Lega Med. 483, 491-92 (2011)
(discussing unsuccessful attempts at federal legislation).

See Press Release, Office of Senator Jay Rockefeller, Rockefeller Introduces Legislation to Protect
Young Athletes From Concussion (May 22, 2013),
http://www.rockefeller.senate.gov/public/index.cfm/press-releases?
ID=02b69aac-ece’-4a48-8ad3-c73285213f 1a (describing the | egisl ation proposed by the Senator).

Id.

Udall, Rockefeller Introduce Bill to Help Protect Y oung Athletes from Sports-Related Traumatic
Brain Injuries, Tom Udall Senator for N.M. (May 22, 2013),
http://www.tomudall.senate.gov/?p=press_release&id=1305 (last visited Oct. 16, 2013).

See Marvez, supra note 2 (demonstrating that Washington was the first state to pass legislation of
this kind).

Zackery Lystedt Law, Wash. Rev. Code § 28A.600.190 (2010) (setting concussion and head injury
guidelines and requiring that youth athletes “who [are] suspected of sustaining a concussion” be
removed from competition and not be allowed to return until “evaluated by alicensed health care
provider”).

See Associated Press, NFL, NCAA Lobby for Concussion Laws, ESPN (Jan. 12, 2012),
http://espn.go.com/nfl/story/_/id/7454729/nfl-ncaa-urge-states-pass-concussion-laws (describing
lobbying efforts by the NFL as well as the influence of the Lystedt Law amongst the states).

See Concussion Legislation by State, NFL Evolution, http://
www.nflevol ution.com/arti cle/concussion-legisl ation-by-state?ref =767 (last updated July 22, 2013)
(demonstrating that forty-eight states have passed youth concussion legisation).

Id.; seeaso Summary Matrix of State Laws Addressing Concussionsin Y outh Sports, The Network
for Public Health Law (effective December 31, 2012), http://www.networkforphl.org/
asset/7xwh09/Statel awsT ableConcussions 2-19-13.pdf (summarizing the legislative steps taken
by each individua state); Traumatic Brain Injury Legislation, National Conference of State
Legislatures (last updated July 2013), http://
www.ncsl.org/issues-research/heal th/traumati c-brain-injury-legidation.aspx (also summarizing the
steps taken by the individual states).
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Zackery Lystedt Law, Wash. Rev. Code § 28A.600.190 (2010).

See, eg., Colo. Rev. Stat. Ann. 8§ 25-43-103 (West Supp. 2012) (requiring coaches to receive
training in concussion recognition).

See, e.g., Conn. Gen. Stat. Ann. 8§ 10-149b (West Supp. 2013) (requiring annual training for coaches
in order to review current information on head injuries).

See, e.g., Ariz. Rev. Stat. Ann. 815-341 (Supp. 2012) (requiring that “[g]uidelines, information and
forms’ be developed “in consultation with a statewide private entity that supervisesinterscholastic
activities’).

Compare Colo. Rev. Stat. Ann. 8 25-43-103 (West Supp. 2012) (requiring coachesfrom both public
and private schools, as well as volunteer coaches at private or public clubs and athletic leagues to
take a course annually), with Conn. Gen. Stat. Ann. 8§ 10-149b (West Supp. 2013) (requiring only
those coaches holding a coaching permit issued by the State Board of Education to take a course,
followed by annual updates and a refresher course within five years for reissuance of that permit).

Compare Ala. Code 822-11E-2 (LexisNexis Supp. 2012), and Alaska Stat. 814.30.142 (2012), and
Ariz. Rev. Stat. Ann. 815-341 (Supp. 2012), and Colo. Rev. Stat. Ann. § 25-43-103 (West Supp.
2012) (al not requiring regular updates to outreach programs), with Conn. Gen. Stat. Ann. 8
10-149b (West Supp. 2013) (requiring the state Board of Education to updateits materialsregarding
concussions annually and coaches to review the new material approved by the Board of Education
annually).

See Lisa Kocian, State Revises Concussion Reporting After Weak Response From Schools, Bos.
Gl ob e, July 11, 2 01 3, httop: [/ [/
www . bostongl obe.com/metro/regional s/west/2013/07/10/state-revises-concussi on-reporting-after
-weak-response-from-massachusetts-school s/cnetl mdeV hGs552ms3HQQP/story.html (discussing
the lack of compliance by athletic directors with new concussion reporting laws).

See Phoebe Anne Amberg, Protecting Kids Melons: Potential Liability and Enforcement Issues
With Youth Concussion Laws, 23 Marg. Sports L. Rev. 171, 183 (2012) (discussing the lack of
recourse should coaches or school systemsfail to comply).
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Id. HoseaHarvey, aprofessor at Temple University Beasley School of Law, noted in the American
Journal of Public Health that “Y outh sports traumatic brain injury laws have generaly taken a
one-size-fits-all approach.” Concussion: State Laws Ignore Science, TBI Blog (May 25, 2013),
http://tbibl og.sossi sson.com/2013/05/concussi on-state-laws-ignore-science.html. “ Thelawsdo not
incorporate scientific consensus that youth concussions vary on the basis of age, the type of sport,
and whether the athleteismaleor female.” 1d. Also, “thereisno agreed-upon traumatic braininjury
diagnostic metric, and there are no uniform national traumatic brain injury reporting protocols.” Id.
The article a'so demonstrated that many of these state laws don't draw on evidence around what
works. Id. For instance, the vast number of laws creates a minimum 24-hour period of removal of
the athletefrom sports, but thereisno scientific consensus about the optimal minimal time someone
who has suffered a sports-related TBI should be removed from sports. 1d.; see also Reducing
Traumatic Y outh Sports Injuries, Q and A with Hosea Harvey, New Pub. Health (May 23, 2013),
http:// www.rwjf.org/en/blogs/new-public-heal th.ntml 2t=topi cs%3A371.

See supraPart |11 (describing the scale and damage associated with concussion issuesin athletics).
See supra Part 111.A (describing the broad scope of concussion issues).
SeesupraPart V (noting theimportance of awarenessin reducing the damage done by concussions).

See supraPart V (describing how the appropriate methods of evaluation and treatment could have
extended Troy Aikman's career).

SeesupraPart VI.A (discussing the numerous approachesto concussion eval uation and the need for
amore streamlined approach).

See supraPart V111 (noting that there remain juri sdictions without effective concussion legislation).

Mauricio R. Delgado and James G. Dilmore, Social and Emotional Influences on Decision
Making and the Brain, 9 Minnesota Journal of Law, Science and Technology 899 (Spring

2008)*

INTRODUCTION

How do we make decisions? How do we judge what is right or wrong and how does this judgment
translate to behavior? Over the last decade, research on the human brain has begun to shed light on
such questions. Those research efforts build on a strong foundation of animal research responsible
for the delineation of neura circuitry involved in processing information about rewards and
punishments. Animal research also provided for the development of an understanding of how such
circuitry operates during simple decision-making, such as pressing a lever to receive a reward.

4 Copyright (c) 2008 Minnesota Journal of Law, Science & Technology; Mauricio R. Delgado;

James G. Dilmore
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Advancesintechnol ogy, chiefly theadvent of neuroimaging techniques such asfunctiona magnetic
resonance imaging (fMRI), have alowed researchers to investigate similar matters regarding the
operation of the human brain. Furthermore, research using these techniques may be extended in new
directions to address questions not easily explored in animals, such as those involving the more
complex decisions that occur in human society, (e.g., trusting an individual during a business
transaction). These research efforts have introduced interdisciplinary collaborations and
considerations, ranging from philosophy to economics, into thefield of cognitive neuroscience. The
contributions of these diverse fields do much to shape current thinking on human decision-making.
In this paper, we will discuss how social information can modulate traditional ways of thinking
about rational and economic decision-making specifically by affecting the neura systems of *900
reward. First, we present an overview of theneural circuitry underlying human reward systems. Next
we present a description of an experiment where social impressions affect trust judgments and
decision-making. Finally, we address potential implications of the experimental findingstothelegal
field and discussthepotential of futureinterdisciplinary collaborations acrosslaw and neuroscience.

THE REWARD SYSTEM OF THE BRAIN

A “reward” may be operationally defined as any stimulus with desirable properties that can drive
behavior. Based on this definition, it is postulated that the purpose of rewards in the environment
isto (1) induce hedonic feelings that (2) encourage exploratory behavior and (3) shape learning to
ensure exploitation of previously rewarded behaviors. For example, alaboratory rat placed in an
operant conditioning chamber (e.g., a“ Skinner box” containing alever that releases food pellets)
will be driven to explore the environment and press an available lever because of the potential for
a reward? After gaining a food pellet, the rat learns to associate behavior and reward
(action-outcome), resulting in an increase in the frequency or intensity of lever-pressing.2 In 1954,
Oldsand Milner conducted “ self-stimulation” experimentswhere, instead of afood reward, animals
were electrically stimulated in the media forebrain bundle (a group of neural fibers containing
dopamine that connect midbrain dopaminergic centers such as the ventral tegmental area with
forebrain structures such as the nucleus accumbens) during the pressing of alever.2 Those authors
found that the reinforcing properties of the electrical stimulation led the animals to increase their
response frequencies.

Such self-stimulation studies, in addition to various *901 pharmacological experiments, lent
credence to the “dopamine hypothesis of reward,” which postulated that reinforcing effects in the
brain of various stimuli (e.g., addictive drugs) were caused by the release of the neurotransmitter
dopaminein the brain. Electrophysiological recordings of neuronal activity of these dopaminergic
cells, helped refine the relationship between dopamine and reward. While recording in the
non-human primate brain, Wolfram Schultz and coll eagues made the observation that dopaminergic
cellsin the midbrain, specifically in two distinct nuclei called the substantia nigra and the ventral
tegmental area, were active when an unexpected reward was delivered.? In the experiment, these
cells displayed bursts of activity once a monkey received an unexpected reward, such as adrop of
juice. However, once a light cue predicted the delivery of the juice (an instance of classical
conditioning), the dopaminergic neurons no longer displayed the burst of activity at the time of
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reward.2 Instead, after learning of the association, bursts of activity by the dopaminergic cells were
observed at the time of the light cue--in other words, the earliest predictor of the reward.2 Finally,
if an expected reward failed to occur (e.g., if juice was not delivered following presentation of the
light cue), then a depression in the activity of the dopaminergic cells was observed, signaling a
prediction error.22 Dopaminergic neurons are therefore thought to aid in reward-rel ated learning by
providing a prediction error that can adjust expectations and guide behavior.2

Some of the primary targets of dopaminergic neurons include prefrontal cortical regions and the
striatum, a structure located deep in the brain below the cortex and known for its heterogeneity in
connectivity and functionality. For example, research hasimplicated the striatum in motor, cognitive,
and motivational processes,* suggesting that the striatum may be *902 a potential venue for the
integration of movement and motivational information. While most of this research was conducted
in animals, recent investigations of striatal function have extended to the human brain.
Neuropsychol ogical and neuroi maging techniques represent two primary methods used to probethe
human striatum.22 Neuropsychological research programs take advantage of pharmacological or
anatomical lesions of brain regions and alow for an investigation of the necessity of the structure
for proper performanceto occur. For instance, patients suffering from Parkinson's disease display
striatal dysfunction due to a deterioration of the dopaminergic projection to the striatum.2 This
diminished dopaminergic input into the striatum leads to well-characterized motor deficits such as
prominent tremors,*® as well as to problems in cognitive processes such as learning from feedback
intypical trial and error tasks.2! Such behavioral results in humans mirror the el ectrophysiol ogical
data from animals, which suggest that dopamine processes a prediction error signal that impacts
learning.X

The other methodology commonly used to investigate the functionality of the human striatum (as
well as other brain regions) is neuroimaging, including both positron emission tomography (PET)
and fMRI. Recent studies using PET, which allows imaging of neurotransmitter levelsin the brain
during cognitive tasks, have demonstrated that dopamineis released in the striatum during highly
arousing situations that elicit motivation, such as food delivery when one is hungry®® or while
playing avideo game for monetary rewards.Z2 Another techniqueto study the human brainisfMRI,
which takes * 903 advantage of the magnetic properties of blood to allow experimentersto measure
the brain's activity indirectly through an assessment of the hemodynamic responses, aso known as
the blood-oxygenated level dependent (BOLD) response.2 Briefly, fMRI builds on the idea that
changesin blood flow in a specific brain region correlate with neural activity in that same region,%
although adirect correlation is still under investigation.2

Using fMRI, investigators have been able to extend findings in animals to humans using both
primary rewards (e.g., juice)® and secondary rewards (e.g., money).2 For example, increases in
oxygen demand, and thus brain activity, have been observed in the human striatum while subjects
are anticipating a potential juice reward? or a potential monetary reward.? The striatum has also
been associated with coding the differential response between a positive and negative consequence
of an action, that is, whether the action led to areward or a punishment.Z Those data suggest that
the striatum, specifically the dorsal region of the striatum called the caudate nucleus, rather than
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processing the reward per se, may be involved in learning associations between behaviors and
potential rewards.Z2 The idea that the human striatum is important for reward-related learning is
consistent with the findings from animal studies. In fact, the prediction error *904 signal
communicated by dopaminergic neurons® has been observed in the human striatum in fMRI
paradigms,2 further linking the human striatum with learning the value of stimuli or actions that
predict rewards.

THE SOCIAL MIND: HOW SOCIAL FACTORSMAY MODULATE NEURAL
SYSTEMS OF REWARD

While early neuroimaging studies confirmed animal studies and extended those concepts into the
human brain, research has now started to focus on the various ways in which social factors can
contribute to reward processing in humans. Suffice it to say that thisliterature is beyond the scope
of the present paper. A more comprehensive review on both the evol ution of neuroeconomics® and
social neuroscience® can be found elsewhere. The focus of this paper is the transition from simple
processes performed by the striatum, such as learning that an action leads to a reward, to more
complex processes observed in typical human society, such as learning that an individual predicts
apotential reward during a business or legal proceeding.

Social stimuli are known to engage the brain's reward system, be they beautiful faces,® money or
status symbol s such as extravagant sports cars.2- Notably, modul ation of the activity of brain regions
such as the striatum is observed *905 during social interaction.® For instance, activation of the
striatum is particularly prominent during cooperation of two individuals during the so-called
prisoner's dilemma game, where the two people interact and can either cooperate or defect toward
areward that variesin size according to their respective choices.® Striatum activation also increases
when individuals are presented with the faces of previous cooperators® and even when exacting
revengeon defectors, 2 an activity that wasinterpreted by the authors asarewarding feeling resulting
from the punishment of perceived unfairness.#

Oneinteresting experiment of social interaction involved agame known in economics as the “trust
game’% In atypical trust game, an investor is faced with a choice of how much money to transfer
to another player, the trustee.** The transferred money gets tripled and the trustee can either defect
from theinteraction and keep theinvestment or he can send back some of the money to theinvestor,
thus ensuring a profitable transaction for both players.® In multi-round exchanges, areputation for
players is built, thus each move has to be considered carefully.®® In an elegantly designed
experiment, King-Casas and coll eagues found that reciprocity inspires|earning during transactions,
which leads to formation of reputations.#” The authors found that an intention to trust signal was
being computedin the striatum.®2 That is, subjectslearned that aplayer wastrustworthy and that was
reflected asan investment in the next trial. Interestingly, theintention * 906 to trust signal shiftedin
time aslearning progressed, similar to the temporal prediction error signal exhibited by dopamine,
further suggesting that the striatum isinvolved in learning about reward-related stimuli in a socia
setting.
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Thus, research suggests that social factors map cleanly onto the existing knowledge of basic reward
circuits. Itisunclear, however, how information such asmoral beliefsor social perceptionsinfluence
decision-making and the neural circuitry of reward processing. It has been observed, for example,
that people are willing to forgo part of wages if they believe that their employer's mission is
praiseworthy.2 This type of behavior cannot be accounted for by rational theory,2 and other
variations (e.g., choosing to drive to a more distant department store because one does not like the
policies of the nearest store) have been replicated el sewhere.

In order to study this phenomenon, we conducted a study where participants were instructed they
would play avariation of the trust game with three different partners portrayed as having different
levelsof moral aptitude.2 In our variation of thetrust game, participantswere given adollar and told
that they could either keep (i.e., defect) or share(i.e., invest) themoney. If they choseto shareit with
apartner, the money would be tripled, and the participant would then receive feedback on whether
the partner shared back and split the profits (positive feedback) or defected (negativefeedback). The
subjects were instructed they would play with three fictional partners twenty-four times each. The
partners were portrayed as having a certain personality that may or may not match the actual
behavior displayed by the partner. Participants saw a computer screen with the face and name of a
partner and were given the decision to keep or share money. After registering their choice,
participants were then presented with the feedback from the partner (positive or negative) before a
new *907 trial would commence.

After being allowed practice trias to facilitate understanding of the rules and operation of the trust
game, participants were given three bios that included a photograph (counterbalanced across the
study), aname, and ablurb that described the partner's moral aptitude, aswell asarecent newspaper
articledetailing an event in the partner'slife. For example, one partner was described as avolunteer
who had recently saved a woman from a club fire, which suggested that this partner was morally
praiseworthy (“good” partner). Another partner was a business school graduate who attempted to
sell heat-insulating tilesfrom of the space shuttle Columbiaoninternet auction sites (“bad” partner).
The third partner was involved in a similarly arousing story (e.g., supposed to be in a plane that
crashed but he missed the flight), although it contained no information to form biases regarding
expected moral behavior (“neutral” partner). The bios, created by economist Robert Frank,> were
extremely effective at creating social expectation and irrational impressions of each partner's
behavior. However, despite their apparently disparate moral aptitudes, the partners all played with
the same reinforcement schedule (50%). That is, they all shared or kept game money at the same
frequency. Thus, based on outcomesalone, participants should havelearned over timeto adjust their
expectations for the fictional partner's moral behavior and adapt decision-making appropriately.

A manipulation check (e.g., questionnaire asking how trustworthy a partner was perceived to be)
showed that subjectslearned at somelevel that all three partnerswere essentially equivalent in their
behavior. Specificaly, during a pre-experimenta session, the subjects rated the partners on moral
aptitude differentially and according to thefictional bios. However, following the twenty-four trials
with the partners, those differential ratings were abolished. Nevertheless, during game play the
participants were still more trusting of the “good” partner, making more share decisions with the
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“good” rather than the “bad” partner. This observation was maintained across the entire game and
was still evident in the trials as the game was nearing an end. The behavioral result suggests that
socia perceptions are strong modulators of behavior and can significantly influence economic
decision- *908 making. Using concurrently performed fMRI, we were also able to pinpoint the
biological mechanisms that led to this behavior.

As discussed above, the striatum plays an important role in reward-related learning. Thus, it isno
surprise that striatum activation was observed when participants were receiving feedback from
partners; such feedback was being used to guide future decision-making. When participants were
interacting with the neutral partner, for instance, increasesin BOLD signal were observed in the
striatum following positive feedback, while a decrease was observed following negative feedback.
This pattern mimics the previously characterized signal in the striatum that differentiates between
rewards and punishments, suggesting that the human striatum is val uating the current feedback to
guide future decision-making. In the case of the neutral partner, therewas no information that could
bias behavior. Participants thus had to learn through trial and error what the outcome of interacting
with the neutral partner would be. As a result, participants shared and kept about 50% with the
neutral partner, as one would expect based on random sampling.

During trialsinwhich subjectshad been provided thefictional biographies, however, thedifferential
signal in the striatum was not observed. Thissuggeststhat the brain'strial and error learning system
may have been inhibited during the game by the availability of prior social information. Participants
may have bypassed the current feedback (e.g., good partner did not share with me on thistrial) due
to the overwhelming prior social information. Consequently subjects did not update their
decision-making, preferring instead to conform to their original biases created by irrationa social
expectations. Thus, perceptions of moral character can influence the neura systems of reward and
learning by creating socia expectations that are more difficult to update. This finding raises the
followingimportant consideration for studiesinthe social domainthat involveinteractions: humans
have biases, and the strength of those biases can modulate how we make decisions. Future designs
must take such issues into account.

IMPLICATIONS FOR THE LAW

A fundamental consideration in many, if not all, legal *909 undertakings is the assessment of the
credibility of evidence. In many circumstances, evidence is presented to ajudge or jury through a
witness to aid in the explanation. The behaviora results reported here parallel a well-known
phenomenon--namely, that the perception of the personal attributes of a witness directly impacts
their credibility. As the presentation of a series of events or facts fundamentally shapes the case
before ajudge or jury, the credibility of the witness used to communicate those detailsis central to
the task of the trial attorney. While the experiments reported here were conducted in a controlled
laboratory setting, they may nonetheless remind legal professionals of the significance of moral
perception in legal proceedings.
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Thepresent experimentsemphasizetheimportance of establishing thecredibility of thewitnessearly
intheir presentation to acourt. Thepreviously published resultsdemonstratethat the pre-established
perception of the moral aptitude of agame character influences the behavior of human participants
over an extended period of time.> Indeed, if the game character is perceived astrustworthy, then the
human subjects continued to trust the character in the form of investments (i.e., “share” decisions)
throughout the course of the game. Extending this observation to the court room, once a perception
of awitnessis established with ajury or judge, it subsequently impacts al later interpretations of
that witness's testimony and behavior. As is well known by trial attorneys, the cultivation of a
witness's image early in a proceeding as a trustworthy, moral, and upright individual may reap
rewardsthroughout thetrial. Indeed, themoral aptitude of awitnessisoften central toacriminal trial
where the actions of the accused are being evaluated for criminal intent. Similarly, attorneys should
not neglect the cultivation of theimage of scientific or technical expertsincivil trials, such as patent
infringement cases.

While the presentation of awitness providesthe attorney with the opportunity to shape perceptions
inacourt room, theindividual membersof ajury also arrive at court with preconceived notions. The
data presented here emphasize that such preconceptions may have a lingering effect on the later
behavior of the jury. A voir dire examination provides the attorney with the opportunity to assess
those biases and to *910 plan for trial accordingly. A voir dire examination usually refers to the
examination by the court or by attorneys of prospective jurorsto determine their qualifications for
jury service and whether cause exists to excuse particular jurors, aswell asto provideinformation
about the jurors to the attorneys.> When performed before a trial, a carefully crafted voir dire
examination allows the attorney to determine what perceptions the potential member of a jury
possesses before presenting any portion of the case. By recognizing that the preconceived notions
have along-term impact on the actions and perceptions of the potentia jurors, an attorney may well
invoke hisright to excuse jurors whose preconceived notions would directly impact the heart of the
caseto be presented. By excluding such individualsfrom thejury pool, the eventual reception of the
attorney's case would thereby be improved.

FINAL THOUGHTSAND FUTURE DIRECTIONSWITH RESPECT TO THE LAW

With certain variations, the experiments reported here may be used in the future to help establish
strategiesfor the presentation and cross-examination of witnesses. In the results presented here, the
human subjects behaviorally maintained their trust throughout the entire course of the experiments.
Future experiments could investigate what behavior on the part of thefictional character would be
required to best establish thistrust and credibility. Thefictional charactersused in the experimental
paradigms could even be crafted to mimic the actua participantsin atrial, including their actual
physical, mental, and personality traits. Subsequently, attorneys could experiment with different
ways of presenting the witness to see if the various approaches would impact the credibility and
moral aptitude of the witness as perceived by experimental subjects acting asamock jury.

Additionally, the fictional character may be fashioned after one of the witnesses to be used by
opposing counsel. Attorneys could then employ a variety of approaches in the context of the trust
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gametoinvestigate how most effectively to disrupt the credibility of thewitness. Theattorney might
then draft a cross-examination of that witness according to the most effective approach. By
performing these preliminary * 911 experimentsinthecontrolled (and rel atively inexpensive) setting
of alaboratory, the attorney would gain awealth of information about potential jury perceptionsand
thus be able to prepare for amock trial or actual trial more effectively.
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Neurotoxi city—poi soning of thebrain and nervous system—isawel lI-documented effect of exposure
to many widely used chemicals, yet doctors (and lawyers) often fail to recognize it. Chemicaly
injured clients often report a confusing array of symptoms, with no medical diagnosis. The
symptoms may seem vague and unconnected, |eading you to wonder, “ Could these symptomsreally
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be caused by a chemica exposure?” Once you recognize the signs and understand them in
context—as a constellation of symptoms resulting from a toxic injury—you will have greater
confidence in bringing your client's case to justice.

A person who has suffered aseriouschemical injury islikely to have sustained considerable damage
to hisor her brain and nervous system. Thisisimportant for alawyer to know, because doctors often
recognize only the person's physical illness, not realizing that serious brain and nervous system
damage may have also occurred.

Neurotoxicity can be documented, but perhaps not in the way you might think. A person'sability to
think, perceive, control emotions, plan, and manage his or her life can diminish drastically without
anything being visible to aradiologist or neurologist on an MR | or aCT scan.t

The most reliable and widely accepted way to assess actual brain function is through
neuropsychological evauation. (Thisistrue for head-injury patients and * 63 those suffering from
dementia, as well as those affected by exposure to toxic chemicals.)

Researchers have noted that imaging techniquesare often of littleval uein eval uating neurotoxicity.2
In our and others' experience, imaging techniques can occasionally pick up abnormalities caused by
neurotoxicity and may be helpful for forensic purposes, but they are not cost-beneficial for routine
screening.

Neuropsychological testing tends to be more sensitive to brain injury than CT and routine MRI
scans, which provide only a static and relatively gross view of neura structure. In one study of six
head-injury cases, CT and/or MRI scansyielded little or no evidence of neuropathology as detected
by neuropsychological testing.

Positron emission tomography (PET) scans, however, corroborated theimpaired function.2 PET and
SPECT (single photon emission computed tomography) scans offer amore dynamic look at brain
structure, but both of these tests still need interpretation as to the cause of the abnormality (which
could be benign).

Common symptoms

What do chronic pain, anxiety, neurological problems, confusion, psychiatric symptoms, and
cognitive declines have in common? They can al result from neurotoxic chemical exposure.

Symptoms of neurotoxicity include memory and concentration problems; confusion; multiple
sclerosis or MS-type symptoms; impaired control of the limbs, bladder, or bowels; headaches or
migraines; sleep disorders, including sleep apnea; eye problems that are neurological in origin;
balance and hearing problems; muscle weakness; anxiety or panic attacks; depression; and other
psychiatric or neurological symptoms.2
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Other symptoms that could be caused by chemical injury include multi-organ system malfunction;
lower or upper respiratory problems, such as chronic sinus problems; multiple chemical sensitivity
(MCYS); liver or kidney problems; and fibromyalgia or other pain disorders.

Along with nervous system dysfunction, the temporal association of any of these conditions with
toxic chemical exposure tends to support the theory that the overall cause of the client'sinjuriesis
atoxic insult to the body.

Theillness you probably need to know the most about is MCS, both because it is common among
chemical injury patients, and because doctors often don't recognize it in their patients. The MCS
diagnosisisstill rejected by many doctorsin part becauseit is difficult to quantify objectively—but
then, so are headaches.

Many doctors are not aware of the significant research that shows MCSis common and quitereal .2
MCSissimilar to other disabling ilInesses. People who haveit can becomevery ill from exposures
to everyday chemicals, such as perfumes, paint, pesticides, and cleaning products.

Under some conditions, MCS is recognized as a potentially disabling condition by the Social
Security Administration, the U.S. Department of Housing and Urban Development, and the
Americans with Disabilities Act.”

Documenting a chemical injury

There are various ways you can document the presence and course of a neurotoxic injury. All of
them will help you build your case.

Conduct aneuropsychological evaluation. Thisprocedurerevea sboth themost detailed view and
the most subtle problems of the working brain.

A forensic neuropsychological evaluation usually includes afull battery of teststhat can take up to
12 hoursto complete. It can assess brain function, including memory; concentration; the ability to
learn new information; executive function (the ability to plan, manage, and carry out a plan);
perceptual functions, such as spatial awareness; motor functions, such as dexterity; and personality,
emotion, and motivation. This evaluation can often detect whether changes have occurred that may
be aresult of toxic injury.

Be aware that some neuropsychologists consider someone impaired only if his or her cognitive
functioning is well below average. Such an approach is inadequate when the person was once
high-functioning.

For example, a client with a superior |Q—such as a doctor or scientist— who now is unable to do

his or her job will not benefit from an evaluation that interprets an “average” level of intelligence
as“normal.” Or your client may be someonewho previously functioned at an averagelevel but now
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isconsidered bel ow average or hasmore marked problemsin particul ar areas of brain function, such
as emotion, personality, or executive function. These individuals benefit from more complex and
subtle evaluations.

Several red flags can signal that the brain is not working as well as it should. For example, if a
client's vocabulary skills are high but his or her ability to process new information is at the 50th
percentile, this discrepancy suggests a decline in information-processing skills. If the client was
previously asuccessful engineer, a neuropsychological evaluation will give you findings that point
to adecline in brain function.

Assess per sonality and emotional *64 function. Chemically injured people can suffer personality
changes induced by brain damage. The nenropsycbologist needs to take a thorough history and
conduct arecord review to determine whether any personality disorderswere preexisting or caused
(or exacerbated) by the chemical injury.

The Minnesota Multiphasic Personality Inventory-2 (MMPI-2) is often used to assess personality .2
But this instrument was not standardized on brain-injured people or those with neurological
disorders, so the results must be interpreted carefully.

For example, if a“normal” person showed many neurological symptoms, he or she might correctly
be characterized asmentally ill. But it would be normal for achemically injured person to report an
array of neurological symptoms.

The patient with “too many” symptoms can get a diagnosis of “somatic disorder”—that is, having
physical symptoms caused by psychological conditions. This misdiagnosis says that psychological
problems are the underlying cause of theillness.

Neurotoxicity patients may well have psychological problems, but these are often the result, not the
cause, of their condition. Thetrue cause—organic (physical) brain dysfunction, or neurotoxicity—is
too easily overlooked. WheninterpretingtheMMPI-2, the expert must consider the person'smedical
and neurologica conditions before reaching conclusions.

Also, some common interpretations of the MM PI-2 might overdiagnose malingering.2 Animproper
diagnosis of malingering can make it difficult to prove an injury.

It is not unusual for patients suffering front neurotoxicity to be misdiagnosed as having
psychological problems because of their depression and anxiety levels, the sheer number of their
symptoms, and their belief that chemicals made themill. To minimizethiserror, choose among the
most qualified experts you can find: Psychologists, neuropsychologists, or psychiatrists who are
familiar with chemical injury, neurotoxicity, and MCS.

“Image” thebrain. It would be ideal to have an X-ray that would show what's gone wrong in the
chemically injured brain. Unfortunately, brain scans are usually not helpful, because we don't have
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the technology to “take a picture” of most brain injuries. (Even damage caused by traumatic brain
injuries, such as from an automobile accident, may not show up in brain imaging.) A weak
correl ati on existsbetween neuroi magi ng findi ngs and neurocognitive outcome.2 Neurotoxic damage
does not necessarily affect brain structure at the level we can see on abrain scan.

PET and SPECT scans are often more sensitive to brain injury than either MRIs or CT scans, but
even if they show an abnormality, they don't show what caused it. Such scans have limited utility
in court as proof of damage.2 The meaning of the abnormality still needs to be explained via
neuropsychological assessment. A brain MRI often can be useful to rule out the possibility of
another brain disorder.

Test thebody. Searching for physical evidence of achemical injury hasbeen compared to searching
for abullet shot through someone's body: The bullet may be gone, but the havoc it wreaked is still
there. Blood and urine can be tested for residue of the chemical in question and its breakdown
products, or for arange of chemicals, but usually thistesting is effective only whiletheclient isstill
being exposed or after recent exposure.

The body may store toxicants in the fat and tissues, longer-lasting storage sites than the blood or
urine. Tissue samples can be taken and occasionally are helpful, but these procedures can be
difficult, painful, and expensive. Hair analysis may be helpful, but it is often controversial.
Immunological testing can determine whether the client has elevated antibodies to some molds,
suggesting high levels of exposure to toxic mold.

Test and analyzetheexposur elocation. When analyzing an exposurelocation for toxic substances
(such asmight befoundintheair or on surfaces), it isbetter to hire your own consultantsto perform
the work. They can control many important variables that could be ignored by other service
providers.

Earlier tests conducted by the defendant may be available, but the results might not be valid for
various reasons, even if the tests were conducted by a government agency. A potential defendant,
ater discovering that its site would be tested, may have aired out the building and washed down all
the surfaces before testing. Unfortunately, the tests that government agencies perform are often
woefully inadequate.

Analyze the site carefully. Is there adequate ventilation? Is there a clean-air exchange? Is the
ventilation system blowing contaminated air into the client's breathing space?

Sometoxic chemicalsmay be heavier than air, so ventilation in those circumstances should exhaust
air out of the room from the level of the floor, not the ceiling. One of our clients suffered severe
brain damage after using solvents outdoors on his boat. Most people think that applying solvents
outside is safe. However, our client applied them while lying on his back, under the boat. Because
the solvent was heavier than air, this amounted to lying in a dense cloud of neurotoxic gas, and
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friendshad to pull him out front under hisboat. Thetoxic exposure caused injuriesthat rendered him
*66 compl etely disabled.

Under Daubert v. Merrell Dow Pharmaceuticals, Inc.,22 the expert should present published research
showing that the chemical implicated in the case has caused the same damage that your client
suffered. But there is room for some flexibility.

For example, in a 2001 federal toxictort case, the court admitted testimony that experts do not
always need extensive, specific research on aparticul ar product to arrive at an opinion.2 Instead, the
chemical'stoxicity can be deduced from general toxicology and basic logic: The substance was an
organic solvent; organic solvents are neurotoxic; therefore, this solvent is neurotoxic.

In our experience, neuropsychological testimony is routinely admitted under Daubert rulest’ Its
application to neurotoxicology iswell established but may be challenged. We are not aware of cases
wherethistestimony hasbeen excluded on Daubert grounds, but individual states requirementswill
vary.

In one case, the Ohio Supreme Court unanimously ruled that a witness who is not a physician, but
who qualifies as an expert under state evidence rules, may give evidence that would be relevant to
diagnosis of amedical condition if the testimony is within the expertise of the witness.2

Usually, the statute of limitations does not start running until the client has received a diagnosis
stating that hisor her condition was caused by achemical exposure. In many cases, it takesyearsfor
this diagnosis to be made.

In other situations, the client is so serioudly injured that he or she cannot seek out appropriate
medical or legal help. The very symptoms of neurotoxicity—memory problems, inability to
concentrate or think clearly, and difficulty processing information—impede the injured person's
ability to understand what happened to him or her and can decrease his or her intellectual and
emotional capacity to pursue litigation. In such cases, you may need to file a statement of mental
incompetence to extend the statute of limitations.

What to expect from the defense

Invariably, the defense will seek to minimizethelink between your client's symptoms and the toxic
substance he or she was exposed to and will try to play down the product's harmfulness. Expect
arguments like these:

“Thisproduct cannot damage your health.” The Material Safety Data Sheet (MSDS), required
by law of every manufacturer, isagood place to start when seeking documentation of achemical's
adverse health effects, because often the M SDS lists them.22 But sometimesthe M SDS doesn't even
hint at aproduct's real dangers, and you will need to conduct further research. The neurotoxicity of
common products is discussed in various texts.Z
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“If this product caused ill health effects, it would not be marketable.” In fact, hundreds of
neurotoxic products* 67 are promoted and sold. Morethan 850 industrial and commercial chemicals
are known to cause neurobehaviora disorders.2

“Ninety-five percent of theingredientsareinert, sowhat'sthe problem?” There aretwo issues
here. Oneiswhether 5 percent of an active ingreclient istoxic enough to cause health effects—and
often it is, because toxic substances can be harmful in small amounts.

The other issue is the meaning of “inert.” So-called inert ingredients can be more toxic than the
“active” ones. By labeling an ingredient “inert,” a company may be trying to avoid admitting that
there is a noxious ingredient in its product. The manufacturer may call its formulation a “trade
secret.”

Try to obtain alist of the inert ingredients by subpoena and have a laboratory analyze the product.
Once yon establish what the inert ingredients are, your consultants should assess their toxcity.

“But we didn't exceed government standards for exposure.” “Safe” levels of exposure are a
compromise between anindustry'scommercia needsand consumer protection and do not guarantee
that an injury cannot occur. These standards generally become stricter with every passing decade,
and incidents of reported chemical injury are what cause them to change.

Furthermore, safelevel sareroutinely set to protect ahealthy maleworker. But somepeoplearemore
susceptible than others. Women, for instance, tend to be more sensitive than men, and different
bodies react differently to toxins.Z Variationsin sensitivity are even observablein rats. Also, there
may be no safe level at which a person can inhale a particular substance.

The MSDStypically will state that if a person shows signs of illness, you must remove him or her
from the area immediately. This suggests that it is generally recognized that some people will
become ill even when they are working under the recommended safe-exposure guidelines.

“Thisamount wasfar too small todamageanyone' shealth.” Chronicexposure*68tolow levels
of some toxic chemicals can be even worse than a single acute exposure, because brain damageis
cumulative over time.

“Theplaintiff had preexisting conditions.” Plaintiffsin these cases often do. It makes sense that
people whose health is already compromised are the most vulnerable to poisons, because their
bodies detoxification systems—especially theliver and kidneys—are aready stressed. Peoplewith
apreexisting condition suffer further deterioration of their health. Y our expert should document the
preexisting condition thoroughly—this may require extensive review and analysis of the medical
record—and document what new symptomsemerged and what preexisting symptomsbecameworse.
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“Just smelling the chemical could not have caused this.” Actually, inhaation and skin contact
areoften moreeffectiveroutesof entry for apoison than swallowing. When somethingisswallowed,
it is partly neutralized by stomach acids. The body then attempts to detoxify it through the liver,
kidneys, and other organs. But inhal ation and skin contact all ow asubstanceto enter the bloodstream
directly, without any filtering. For example, doctors now use skin patches to administer morphine
and birth control.Z And sniffing glue (solvents) can produce an instantaneous high and cause
immediate and permanent brain damage.

“A neurologist found nothing wrong.” Few neurologists have training in toxicology, and they
rarely recognize the symptoms of neurotoxicity. A patient who suggests his or her symptoms were
caused by achemical exposure may encounter a brick wall of denial, bordering on hostility.

Some neurol ogists won't pay attention unless a patient's symptoms are extreme: For example, the
patient cannot tell what day it is or wak in a straight line. Even then the neurologist may
misdiagnose the patient as normal, even if neuropsychological testing shows serious functional
deficits. Still, a neurologist's exam may help rule out non toxicological causes of a neurological
illness or document certain physical signs, such as seizures or gait disturbances.

“Chronicpainisnot asymptom of brain or nervedamage.” Theterm “chronic pain” may seem
vague, outside the realm of most doctors, and potentially confusing to ajury. But chronic pain can
certainly be a symptom of brain damage and toxic exposure.

Damage to the brain and nerves can disrupt the nerve signals themselves or the way the brain
interprets those signal .2 Resulting sensations can be tingling, burning, or debilitating pain, which
one of my chronic pain patients described as*“like athousand razor blades.” Chronic pain can be a
terrible ordeal and may require strong painkillers whose side effects could cause more damage.

“It isludicrous to believe that neurotoxic chemicals can cause such disparate symptoms as
insomnia, chronicfatigue, and gastrointestinal problems.” Onthecontrary, thebrainand nervous
system control all bodily functions. The autonomic nervous system controlsthe involuntary part of
bodily processes, including digestion, blood circulation, and the “fight or flight” response.

“Multiplechemical sensitivity doesnot exist.” Studiesindicate that almost 16 percent of the U.S.
population report having unusual reactions to common chemicals.Z2 About 6.3 percent have been
diagnosed with MCS or declared disabled from it.22 There is considerable research on, and
international recognition of, this condition.

“Theplaintiffismalingering.” Every competent forensic neuropsychological assessment includes
tests for malingering. When assessing a potential client, consider that a chemical injury would be
one of the most difficult injuries to fake. Doctors who recognize the symptoms are few and far
between.
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Y ou will probably find that your client hastried to find acure, sincerely wantsto return to work, and
is seeking litigation as alast resort. The “invalid” label is profoundly depressing to most people.
Nevertheless, you must alwaysrule out the possibility of malingering and psychosomatic disorders.

“Theplaintiff hasa personality disorder (or ismentally ill).” Ironically, aplaintiff's personality
disorder may be evidenceof injury, not areason to dismissthe case. Brain damage can result in such
disorders, psychiatric symptoms, and even schizophrenia. Establish the patient'smental health before
the exposure to help determine whether the exposure caused or exacerbated the psychiatric
symptoms. In any case, it is not surprising when a person with a chronic illness, adjusting to a
devastating life change, devel ops what may be diagnosed as a personality disorder.

On the other hand, some patients with adiagnosis of a psychiatric disorder don't actually have one.
A patient may have received that diagnosis precisely because he or she claimed to be hurt by
chemicals and was labeled “delusional .”

Compensation and cure

Thereisno curefor chemical injury, but conventional medical treatments may hel p some symptoms
and promote modest improvement. Alternative medicine treatment for neurotoxicity is quite
controversial, but inour experience, nutritional therapy and natural medicinesmay betheonly things
that help extremely sensitive patients. Y our clients should receive enough compensation to pay for
continuing treatment, including less conventional approaches, such as medicaly supervised
detoxification, infrared saunas, visitsto rehabilitation centers, and possibly hyperbaric * 69 oxygen
treatments.

Compensation should include lost salary, lost savings, and medical billsthat will probably continue
for a lifetime. It should cover counseling or psychotherapy to help patients adjust to being
chronicaly ill; losing their jobs, their friendships, and possibly their homes; straining their
marriages; and being unable to continue with hobbies. But they generally should avoid psychiatric
drugs. Chemically sensitive patients may react to pharmaceuticals (usually petroleum derivatives)
asthey do to chemicals.

Your familiarity with neurotoxicity and chemical injury will help you guide your client to the
clearest assessment of his or her disability. Choosing the right experts and testing will contain
litigation costs and further your goals of obtaining justice and compensation.

Footnotes

al Raymond Singer isa forensic neuropsychologist in Santa Fe, New Mexico. DanaDarby Johnsonis

an associate in his practice.
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Owen D. Jones, Joshua W. Buckholtz, Jeffrey D. Schall and Rene M arois, Brain Imaging for
Legal Thinkers: A Guide for the Perplexed 2009 Stanford Technology Law Review 5
(December 14, 2009)°

INTRODUCTION

*1 It has become increasingly common for brain images to be proffered as evidence in civil and
criminal litigation.2 This Article offers some general guidelines to legal thinkers about how to
understand brain imaging studies--or at least avoid misunderstanding them. And it annotates a
published brainimaging study by several of the present authors (and others) in order toillustrateand
explain, with step-by-step commentary.2

6 Copyright (c) 2009 Stanford Technology Law Review; Owen D. Jones, Joshua W. Buckholtz,
Jeffrey D. Schall and Rene Marois
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*2 Brain images are offered in legal proceedings for a variety of purposes, as Professors Carter
Snead and Gary Marchant have useful ly surveyed.? Onthecivil side, neuroimaging has been offered
in constitutional, personal injury, disability benefit, and contract cases, among others. For example,
in Entertainment SoftwareAss'n. v. Blagojevich,? the court consi dered whether abrainimaging study
could be used to show that exposure to violent video games increases aggressive thinking and
behavior in adolescents. In Fini v. General Motors Corp,2 brain scans were proffered to help
determine the extent of head injuries from a car accident. In Boyd v. Bert Bell/Pete Rozelle NFL
Players Retirement Plan,” aformer professional football player proffered brain scansin an effort to
prove entitlement to neuro-degenerative disability benefits. And in Van Middlesworth v. Century
Bank & Trust Co.?, involving adispute over the sale of land, the defendant introduced brain images
to prove mental incompetency, resulting in avoidable contract.

*3 In criminal cases, brain images are sometimes invoked to support an argument that a defendant
IS incompetent to stand trial. In United Sates v. Kasim, for example, Kasim was found to be
demented, and incompetent to stand trial for Medicaid fraud, on the basis of medical testimony that
included brain images2 Brain images are also increasingly proffered by the defense at the
guilt-determination phase, in an effort to negate the mens rea element of a crime, and to thereby
avoid conviction. For example, in People v. Weinstein, 2 adefendant accused of strangling hiswife
and throwing her from a twelfth floor window sought to introduce images of a brain defect, in
support of an argument that he was not responsible for his act. And in People v. Goldstein, a
defendant sought to introduce a brain image of an abnormality, in an effort to prove an insanity
defense, after he pushed awoman in front of a subway train, killing her.

*4 Brain images have also been proffered at the sentencing phase of criminal cases, in furtherance
of mitigation. For example, in Oregon v. Kinkel 2 a boy convicted of killing and injuring fellow
studentsin ahigh school cafeteria sought to introduce brain images of abnormalities, in an effort to
secure amore lenient sentence. Brain images have been offered--in Coe v. State, X for example--to
arguethat aconvicted murderer isnot competent to be executed. And accessibility to brainimaging
technology has even been litigated--in Ferrell v. Sate* and Peoplev. Morgan® for instance--in the
context of a claim that a defense counsdl's failure to procure a brain image for the defendant
amounted to ineffective assistance of counsel.

*5 For better or worse, the full complement of cases at the intersection of neuroscience and law is
now too large for comprehensive overview--in part because many of the cases do not result in
reported decisions.® Whilethereis no denying that brain imaging is a powerful tool, whether used
for medical or legal purposes, it isalso clear that, like any tool, brain imaging can be used for good
or for ill, skillfully or sloppily, and in ways useful or irrelevant.

*6 Weare concerned that brainimaging can be misused by lawyers (intentionally or unintentionally)
and misunderstood by judges and jurors. Consequently, our aim in this Article is to provide
information about the operation and interpretation of brain imaging techniques, in hopesthat it will
increase the extent to which imaging is properly interpreted, and conversely decrease the extent to
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which it is misunderstood or misused. We provide this information across two Parts and one
Appendix.

*7 Part | of the Article provides some very brief background on modern brain imaging, with
particular emphasis on one wide-spread and powerful technique, known as functional magnetic
resonanceimaging (FMRI). The physics of fMRI, and the stati stics accompanying the analyses that
generate brain images, are complicated. We will make no effort to provide a comprehensive or
detailed exploration of the subject. There are many existing textbooks that cover this materia to
great depths, often far greater than legal thinkers will need to master, for the specific contextsin
which brain images are (potentialy) legally relevant

*8 Instead, we will aim here to focus on what a lawyer needs to know, in order to have a basic
understanding of what works how and why. Our goal is to present this in an accessible way,
recognizing (as we trust our readers to allow us) that simplifying discussions are illustrative of
general principles, but obviously ignore the richer detail that enables deeper appreciation of
important caveats and subtleties.

*9 Part 11 of this Article then turns to provide, in brief and accessible overview, a variety of key
concepts to understand about the legal, biological, and brain imaging contexts at this particular
law/neuroscience intersection, as well as a variety of guidelines we (and in some cases others)
recommend to help avoid the variousfactua errors, logical traps, and analytic mis-stepsthat can all
too quickly lead away from sound and sensible understandings of what brain images can mean--and
equally what they cannot. Make no mistake: we are not the only researchers concerned about
potential misunderstandings of brain images.2 A great many cautions have been swirling about in
the literature, often offering multiple versions of key and basic points about the limitations of the
technol ogies, and we hope hereto distill some of those, add others, and explain the set in away that
we hope provides a concise and useful introduction to legal thinkers approaching this
interdisciplinary nexus for the first time.

*10 The Appendix to this Articlethen providesaconcreteillustration of how to read anfMRI study.
We will not over-claim. Some of the details of fMRI defy short descriptions, involve technical
details unlikely to be relevant in legal contexts, or both. On the other hand, much of the technical
jargon, and many of the basic concepts one will encounter in an fMRI study, are clear with just a
little explanation, oriented toward the audience we anticipate. We attempt to provide this in an
accessible, informative way--assuming no particular scientific sophistication of the reader.

*11 Specifically, the core of the Appendix is a 2008 fMRI study (co-authored by three of us and
others) that used fMRI techniques to investigate how brains are activated during punishment
decisions. Though we do not anti ci pate that the substantivefindingswill necessarily find immediate
utility inlitigation, we believethat legal thinkersreading an fMRI study will learn most from astudy
that inherently addressed matters rel evant to law--in this case, the decision whether or not to punish
someone for criminal behavior and, if so, how much.
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*12 Tofacilitatethat |earning in this concrete application, the Sanford Technol ogy Law Review has
generously afforded us the unique opportunity to annotate the Article in the margin with
explanations of various terms and contexts, as they appear throughout the study.

. BRAIN-IMAGING: A VERY BRIEF OVERVIEW

*13 There are many kinds of brain images. All readers are likely familiar with the way x-rays, and
the closdly aligned technique known as computed tomography (CT) scanning, can show various
structural anomaliesin the body, including in the brain. In these techniques, radiation aimed at and
passing through the body forms images on photographic film. The varying density of different
tissuesinthebody resultsin varying level sof radiation reaching thefilm--creating, inturn, animage
of internal structures. (For example, bone tissue appears as white, while soft tissue appears gray.)
CT scanning varies from conventional x-rays by virtue of collecting images from multiple angles
rotating around the body, which images are then combined by computers into cross-sectional
representations. These techniques (like magnetic resonance imaging, which will be discussed in a
moment) are used for information about how various partsof the body arestructured. They can show
whether structures are intact, and can reveal damage, atrophy, intrusions, and developmental
anomalies. They do not, however, collect or provide information about how those body parts are
actually functioning.

*14 PET scanning, which refers to positron emission tomography, is one of the techniques that
enable researchers to learn about how the brain functions, as it is actually doing so. With PET, a
researcher injects a subject with radioactive tracers that move through the bloodstream and
accumulatein different locations and concentrationsin the brain, over time, asdifferent parts of the
brain increase and decrease activity (such as glucose metabolism) that is associated with brain
function. (A similar technique, known as SPECT, uses single photon emission computed

tomography.)

*15 EEG and MEG, short for el ectroencephal ography and magnetoencephal ography respectively,
records el ectromagnetic fluctuations in various parts of the brain, asthe brain isfunctioning, using
non-invasive sensorsapplied tothescal p.2 Inresearch laboratories, the EEG signalscan beanalyzed
inrelation to stimuli or responses to obtain event-related potentials (ERP) which were used before
brain imaging was devel oped to make inferences about the brain processes underlying perceptual,
cognitive and motor processes.?

*16 fMRI (functional magnetic resonance imaging?) uses the technology of regular magnetic
resonance imaging adapted to detect changes in hemodynamic (literally “blood movement”)
properties of the brain occurring when the subject is engaged in very specific mental tasks. In a
nutshell (and with a reminder that we are over-simplifying for heuristic purposes) here's how it
works.

*17 At itsmost basic, fMRI can be understood as atool for |earning which regions of the brain are
working, how much, and for how long, during particul ar tasks. In much the same way that the body
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delivers more oxygen to muscles that are working harder, the body delivers more oxygen to brain
regions that work harder. The fMRI technigque measures blood oxygenation levels--within small
cubic volumes of brain tissue known as “voxels’--as those levels change across time with the
varying metabolic demands of active neurons.Z Changes in demand for oxygen are widely
considered to be reliable proxies for inferring the fluctuating activity of the underlying neura
tissue. 2

*18 Thephysical principlesunderlying fMRI arequite complex. But in general termsthetechnology
works as follows: An fMRI machine creates and manipul ates a primary magnetic field,2 aswell as
several smaller magnetic fields (one in each three-dimensional plane) that can be quickly varied in
orientation and uniformity. Recall (from basic physics) that protons within the nuclel of atomsspin
on an axisand carry apositive charge. Asthey spin, these el ectric chargesform what can be thought
of astiny magnets. When apersonisinserted (typically horizontally) into the open bore of an fMRI
machine, the previously random axes of spin, for many protons, aign, like iron filings along a
magnet. That is, the axes begin to point in the same direction. Researchers then administer to the
subject'shead brief radio frequency pul ses(which usually originatefrom adevicelooking rather like
asmall bird-cage that surrounds the subject's head). Those pulses deflect the protons axes of spin
temporarily. When the pul ses stop, the axes gradually return to their original orientation, releasing
energy during that “relaxation” process. The machine can detect characteristics of the released
energy because it depends on a proton's “local” magnetic environment, and this environment is
affected by the relative concentrations of oxygenated and deoxygenated blood in local brain tissue.
Crucially, as these concentrations are affected by regiona changes in brain activity, they provide
indirect markers of neural activity that form the basis of the fMRI signal. The machine enables
localization of these signals in space--i.e. “spatial resolution”--by collecting them from many
different “slices’ of the brain. And the technigque enables localization of these signalsin time--i.e.,
“temporal resolution” --by recording the signalsmany timesover aperiod of several secondsfor each
mental event. A “stack” of slices comprising the whole brain is acquired every couple of seconds
or so, enabling the rapid collection of many of these three-dimensional “volumes’ of brain activity
over the period of an experimental paradigm.

[I.KEY CONCEPTSAND GUIDELINES

*19 This Part isdivided into four sections. These address the legal context, the biological context,
theintersection of law and biology, and finally, with that preparatory background, the brainimaging
context. We proceed in this way because one cannot gain a clear understanding of brain imaging,
and its intersection with the lega system, without first considering the underlying legal and
biological contexts, and their background interactions.

A. The Legal Context
*20 With terrific, new, whiz-bang technol ogy--which can reveal inner structures and workings of

thebrain--itisall too tempting to jump past the more mundanelegal issues, and to raceto apply new
techniques to solve new problemsin new ways.
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*21 But hold the horses. Although our principal purpose hereisto discusshow to read (and not read)
brain imaging evidence, we would be remiss not to first anchor the discussion in thelegal contexts
inwhich thoseimages might, arguably, be admissible. Theterritory hereisbroad, and could occupy
us for some time. But to be brief, there are a variety of questions to keep in mind, at the outset, in
order to understand the specific legal context in which brain imaging might be considered in the
courtroom.

*22 The threshold consideration, of course, is: Are the proffered brain images relevant? Because
behavior comesfrom the brain, and the legal system often cares not only about how someone acted
but also why, it is tempting to assume that brain images of people important to the litigation will
provide legally relevant information, of one sort or another. But thisis, in fact, not a decision to
reach lightly.

*23 What specific legal questions do the images pur portedly address? Contexts vary considerably,
even within the civil and criminal halves of the docket (each of which bears differing underlying
standards of proof). Within civil cases, for example, there are a wide variety of different legal
purposes into which brain images might conceivably plug. Are brain images proffered to help
establishliability, such asinthe case of amedical mal practice action? To demonstrate apre-existing
condition, such asin the case of adispute over insurance coverage? To help estimate damages, such
asin the case of acar accident? And within criminal cases, are brain images proffered during the
liability phase, inan effort to defeat the prosecution's claim that the defendant had (and wastherefore
capable of having) the mental state requisite for conviction? Are they instead proffered during the
sentencing phase, in an effort to mitigate penalty? Are they proffered as evidence of lying or
truthfulness?

*24 It is important to remember that the admissibility of brain images is not simply a matter of
whether they are scientifically sound. The potential relevance and hence admissibility of brain
imageswill vary, according to the specificlegal issueat hand within civil and criminal contexts. Put
another way, theadmissibility of brainimagesdependslargely ontheir perceived potential relevance
(if any) to theissueto be determined, independent of (and often before) considering the quality and
interpretation of the specific images themselves.

*25 What, specifically, do theimages allegedly demonstrate, and how well does that connect to the
legal issues at hand? Some of the many variables that may comeinto play hereinclude: Are these
structural or functiona images? When were they taken? (For example, before or after events in
guestion?) How recently? Under what circumstances were they procured? (For example, what
specific mental taskswasthe subject executing during functional imaging?) What isbeing compared
towhat? (For example: Arethese beforeand after images of the same brain?; Arethese comparisons
between a party's brain and a group-averaged composite, for contrast?)
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* 26 What aretheapplicablestandardsfor theadmissibility of scientific evidence? Asiswell known,
the federal and state systems can have (and often do have) different standards for the admission of
scientific evidence. And the state standards vary among the states. It is therefore necessary to note
that the backdrop of all that follows below isthe specific legal regime under which imagesareto be
evaluated for potential relevance, within the specific context of the specific matters in dispute.
Although it is not our purpose here to explore the applicability of scientific evidence law to brain
images, we would be remiss not to flag the centrality of evidentiary rules and contexts to all that
follows. Interested readerswill find comprehensivediscussion of scientific evidencegenerally inthe
treatise Modern Scientific Evidence.2

B. The Biological Context

*27 Understanding the potential relevance of brain images to law also requires a few words of
general background about the relationship between biology and behavior generally. Key things to
keep in mind (generally speaking) include®:

» All behavior results from the interaction of genes, environments (including socia contexts),
developmental history, and the evolutionary processesthat built the brain to function in thewaysit
does.

« Behavior originates in the physical and chemical activities of the brain.

* All behavior isthus “biological.”

» Understanding behavior as biological in nature does not mean that behavior is “biologically
determined” in areductionist or reliably predictive way.

» The brain is an evolved information-processing organ that, generally speaking, and through
differing processes, associates various environmental inputs with various behavioral outputs.

* Those environmental influences are (generally speaking) unique for each individual .

* Each person'sbrain, though highly flexibl e, isboth anatomically and functionally specialized. (That
is, brains do not consist of undifferentiated all-purpose tissue.)

* Humans share, across the species, a common brain plan of anatomica and functional
specialization,

 Each brain is dlightly different in size, shape, and other anatomical features.
* One area of the brain can affect multiple behaviors.

* A given behavior arises from multiple areas of the brain.
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* Different individuals can use different parts of the brain, in different ways, on the same cognitive
tasks.

» Behavior isacomplex phenomenon, neither attributable to single causes, nor easily parsed among
multiple causes.

* Cognitive phenomenararely originate from a single region in the brain.

C. TheIntersections of Biology and Law

*28 The potential relevance of brain imaging to law must be evaluated against the broader
background of the intersections of law and human biology (both structural and behavioral)
generally.2

* Like the rest of behavior, both criminal and law-abiding behavior originates in the brain.

» There is no brain structure, or set of brain structures, that is specifically “for” crimina or
law-abiding behavior (since those categorizations of behavior are socially determined).

* To say that brain features influence behavior relevant to crime does not mean that brain features
can necessarily explain why certain individuals behaved criminaly.

* No explanation of any kind, brain-based or otherwise, has an automatic bearing on justification or
exculpation or mitigation in law.

* Legal responsibility for behavior isalegal conclusion, not a scientific finding.

* Establishinga“biological basis’ for behavior carriesno automatic, normativerelevanceto anything
(legal or otherwise).

» Norms, though influenced by biology, can never be justified by biology alone.

D. The Brain Imaging Context (using fMRI)

*29 With that brief but foundational background, drawing attention to the legal and biologica
contexts, and the interaction of them, we can now turn to discuss key concepts about brain imaging
that legal thinkers should know?:

1. Anatomical imaging and functional imaging are importantly different.

*30 Two anatomical images, taken one minute apart, will ordinarily look identical. Yet two

functional images, from datacollected oneminute apart, could ook completely different. Onereason
thisissoissimply that, in the latter case, brain activity changes rapidly. Another reason is because
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fMRI brain images are built statistically, not recorded photographically. In the typical fMRI case,
hundreds of recordings are made of each voxel in the brain, at slightly different times (e.g., every
two seconds). Each recording of each voxel within agiventria isanalogousto asingle framein a
movie. Learning what happens within each voxel, over time, is akin to watching motion seem to
emerge from the observation of successive snapshots that comprise a moving picture. But that
metaphor only captures part of the fMRI technique, because there are subsequently many repeat
recordings of that voxel, under similar conditions, on many consecutive trials--the results of which
are typicaly then averaged across trials. Complicating matters further is that there are about one
hundred thousand voxelswithin the brain, and what typically mattersis how neural activity within
those voxels is varying over time, in relation to some task the subject(s) undertake while being
scanned. Furthermore, within each voxel are millions of neurons of different types, interacting in
waysthat could be mechanistically different but indistinguishablefrom the measure of fMRI. Inthe
end, fMRI brain images lay the result of any one of many possible statistical tests overtop of an
anatomical image of a selected dlice of the brain. That is, anh fMRI image is a composite of an
anatomical image, of the researcher's choosing, and a statistical representation of the brain activity
in that image, also of the researcher's choosing.

2. Functional brain imaging is not mind reading.

*31 Thereismoreto athought than blood flow and oxygen. fMRI isvery good at discovering where
brain tissue is active (commonly by highlighting differences between brain activations during
different cognitive tasks). But differences are not thoughts. fMRI can show differences in brain
activation across|locations, acrosstime, and acrosstasks. But that often does not enable any reliable
conclusion about precisely what a person is thinking.&

3. Scannersdon't create fMRI brain images; people create fMRI brain images.

*32 Images are only as good as the manner in which the researcher designed the specific task or
experiment, depl oyed the machine, collected thedata, anal yzed theresults, and generated theimages.
It isimportant to remember that fMRI images are the result of a process about a process. Multiple
choices and multiple steps go into determining exactly what data will be collected, how, and
when--as well as into how the datawill be analyzed and how it will be presented.

4. Group-averaged and individual brain images are importantly different.

*33 Most brain imaging research is directed toward understanding how the average brain, within
a subject population, is activated during different tasks. Thisisnot at all the same thing as saying
either that all brains performing the same task activate in the average way, or saying that the
activation of asinglebrain cantell us anything meaningful about the operation of the average brain.
Consequently:

Do not assume that the scan of any individua is necessarily representative of any group.
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Do not assume that the averaged scan of any group will necessarily be representative of any
individual.

5. Thereis noinherent meaning to the color on an fMRI brain image.

*34 fMRI does not detect colorsin the brain. fMRI images use colors--of whatever segment of the
rainbow the researcher prefers--to signify theresult of a statistical test. By convention, the brighter
the color (say, yellow compared to orange) the greater the statistical significance of the differences
in brain activity between two conditions. Put another way, the brighter the color, thelesslikelyitis
that the differencesin brain activity in that voxel or region, between two different cognitive tasks,
was due to chance alone. As with any color-coded representation, accurate interpretation requires
knowing exactly what each color represents in absolute terms. The researcher specifies what each
color will represent, and this matters. Yellow might mean that there is only one chance in one
thousand that the difference between brain activations in this voxel, between condition, is due to
random chance. Or, yellow might mean that thereis one chancein twenty that the differenceis due
to random chance.2

6. fMRI brain images do not speak for themselves.

*35 No fMRI brain image has automatic, self-evident significance. Even well-designed,
well-executed, properly analyzed, properly generated images must have their import, in context,
interpreted.

7. Classification of an anatomical or behavioral feature of the brain asnormal or abnormal is
not a simple thing.

*36 Because we have learned a great deal about the brain, from dissection, imaging, and the like,
we have some confidence about what atypical brain looks like, and how atypical brain functions.
But even without full anatomical scans of everyone on the planet, we know there is considerable
variation--both anatomically and functionally--within some general parameters. That meansthat it
can be (with some exceptions, such as a bullet lodged in the brain) difficult to say with precision
how uncommon a given feature or functional pattern may be, even if it appearsto be atypical. Base
ratesfor anatomical or functional conditionsare often unknown. For example: suppose brainimages
show that a defendant has an abnormal brain feature. We often do not have any idea how many
people with nearly identical abnormalities do not behave as the defendant did. How, then, to make
areasonable conclusion about the causal effect of the brain condition?

8. Even when an atypical feature of function isidentified, understanding the meaning of that
is considerably complex.

*37 Brain images can show unique features and functions of a person's brain. But the meaning of
them israrely self-evident. Determining which of those are important, and how, depends not only
onthelegal context for which theimages are offered, but also on expert analysis of what theimages
do and do not mean. For example, suppose that measurement of the fMRI-detected signal during a
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given cognitive task indicates that a person has less neural activity in a given region than does the
average person. Doesthat mean that the person is somehow cognitively impaired in that region? Or
might it alternatively indicate that the person has more expertise or experience than average,
requiring less cognitive effort?

9. Corrélation is (still) not causation.

*38 The fact that two things vary in paralel tells us little about whether the two are necessarily
causally related and, if so, which causes which. For example, suppose brain imaging reveals that
seventy percent of inmates on death row for homicide have atypical brain activation in a given
region, compared to normal, unincarcerated subjects. That statistic does not mean that the brain
activation pattern causes homicidal behavior. It might mean that having murdered affects brain
activations, or that beingincarcerated for long periodsof timeaffectsbrain activations, or something
elseentirely.

10. Today's brain is not yesterday's brain.

*39 In all but the most fanciful of contexts, a brain scan likely takes place long after the behavior
(such ascriminal activity) that givesriseto the scan. Drawing causal inferencesistherefore further
complicated. Peopl€'s brains change with age and experience. And some proportion of the
population will develop atypical anatomical or functional conditions over time. If a defendant is
scanned six months or six years after the act in question, and the scan detects an abnormality, itis
not a simple matter to conclude with confidence that the same abnormality was present at the time
in question or-- even if one assumes so, arguendo--that it would have meaningfully affected
behavior.

11. Scanners (in theory) detect what they are built, programmed, and instructed to detect, in
the way they are built, programmed, and instructed to detect it.

*40 Scanners are highly complex and often unique pieces of machinery. So (as in other areas of
science) are the people who calibrate, program, operate, and interpret collected data. It isimportant
to recognize that the product of these intersecting complexities may or may not be reliable,
generalizable, and replicable.

12. fMRI brain imaging enables inferences about the mind, built on inferences about neural
activity, built on the detection of physiological functions believed to be reliably associated with
brain activity.

*41 Itisimportant to remember that M RI does not provide adirect measure of neuronal activity--as
do, for example, invasive techniques that measure single neuron recordings. fMRI detects
fluctuations in oxygen concentrations thought to be reliably associated with neuronal activity. But
the precise relationship between metabolic demands and neurona function remains poorly
understood.
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*42 Even if regional activationsin brain images reflect true neural activity, it should also be kept
in mind that our ability to confidently infer the cognitive process that must have led to such regional
activation is highly constrained. Thisisbecause neuroscientists still understand so little about what
the various regions of the human brain contribute to a particular cognitive function.

CONCLUSION

*43 We have provided above avery brief introduction to the intersection of brain imaging and law
(and provide in the Appendix a step-by-step tour of a neurolaw brain-imaging study) principally
intended for those relatively new to this interdisciplinary intersection.

*44 Courts are aready frequently confronted with issues concerning the admissibility and proper
interpretation of brainimages. And all present indicators suggest that brainimageswill be proffered
by more lawyers in more cases in more contexts for more purposes in the future.

*45 On one hand, theissuesfor the legal system are simply the same as they long have been: What
might the proffered evidence tell usthat may help usto answer legally identified questionsin fair,
effective, and efficient ways? Brain imaging is ssimply the latest high-tech tool to be offered for its
potential assistance in this age-old enterprise.

*46 On the other hand, brain imaging represents a perfect storm of power, to be used or abused. It
combines the authoritative patina enjoyed by scientific evidence generally, and the alure of
all-modern brain science specifically, with the seductive power of visual images.

*47 How the legal system will ultimately deal with the exogenous shock of such technologically,
rhetorically, and visually powerful information remainsto be seen. To deal with it well, however,
the legal system will need the combined efforts and advice of many legal and neuroscientific
scholars,® such asthose popul ating the M acA rthur Foundation L aw and Neuroscience Project,® the
Gruter Institute for Law and Behavioral Research, and the Society for Evolutionary Analysisin
Law (SEAL).2 And, fortunately, many efforts are underway. In the meantime, legal thinkerslikely
to encounter brain images in their work would be well-advised to lay carefully constructed mental
templates, on which to hang existing and future information emerging from brain-imaging
communities. We hope that what we have discussed here will provide a useful meansfor doing so.
Footnotes
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constitute the polygraph procedure that is used commonly in a context of detecting deception.
Although used commonly by the U.S. government and police departments, the fundamental
limitations of these procedures have been thoroughly described. See, e.g., Comm. to Review the
Scientific Evidence on the Polygraph, Nat'| Research Council, The Polygraph And Lie Detection
(2003)

Steven J. Luck, An Introduction to the Event-Related Potential Technique (2005). Some have
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The leading “f” remains lower-case, by convention.
See generally Huettel et al., supra note 17.

There are varying opinionsin the neuroscience community about how conclusive an understanding
thereis of the fMRI signal's relationship to the activity of neurons, and about how much fMRI can
reveal--beyond where brain activation occurred--about behavior and mental states. See, e.g.,
Logothetis, supra note 18; Poldrack, supra note 18.

Magneticfieldsaredescribed in Teslaunits. A 3-Teslamachine (which uses super-cooled el ectrical
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Modern Scientific Evidence: The Law and Science of Expert Testimony (David L. Faigman et al.,
eds., 2006). Chapter One provides an excellent overview of the “general acceptance” and validity
tests. It examines the cases that established those tests and discusses subsequent cases that applied
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sources (as well as in the citations that they, in turn, provide). See, e.g., Jeffrey D. Schall, On
Building A Bridge Between Brain And Behavior, 55 Ann. Rev. Psych. 23 (2004).

Y es, the alert reader will point out that some behavior, such asreflexes, leaps right out of the spinal
cord. In the text, we are speaking in generalities.

See, eg., Owen D. Jones & Timothy H. Goldsmith, Law and Behavioral Biology, 105 Colum. L.
Rev. 405 (2005). See also Law & the Brain (Semir Zeki & Oliver Goodenough, eds., 2006); Law,
Mind, and Brain (Michael Freeman & Oliver Goodenough, eds., 2009); The Impact of Behavioral
Sciences on Criminal Law (Nita Farahany ed., 2009); Owen D. Jones, Behavioral Genetics and
Crime, In Context, 69 L. & Contemp. Problems 81 (2006); bibliographic sources compiled on the
website of The Society for Evolutionary Analysisin Law (www.sealsite.org).
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For more details, see sources cited supra note 17.

There appear to be some exceptions. See, e.g., John-Dylan Haynes et al., Reading Hidden Intentions
in the Human Brain, 17 Current Biology 323 (2007) (determining through brain imaging, with up
to 71% accuracy, which of two tasks a person is covertly intending to perform); Y. Kamitani & F.
Tong, Decoding the Visual and Subjective Contentsof the Human Brain, 8 Nature Neuroscience 679
(2005) (determining through brain imaging, with near 80% accuracy, which of two overlapping
visual patterns a person is paying attention to); S. A. Harrison & F. Tong, Decoding Reveals the
Contents of Visual Working Memory in Early Visual Areas,458 Nature 632-35 (2009) (determining
through brain imaging, with 83-86% accuracy, which of two visual patterns a person is actively
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Consider this quote from a popular account:

With PET, for example, a depressed brain will show up in cold, brain-inactive deep blues, dark
purples, and hunter greens; the same brain when hypomanic however, islit up likeaChristmastree,
with vivid patches of bright reds and yellows and oranges. Never has the color and structure of
science so completely captured the cold inward deadness of depression or the vibrant, active
engagement of mania.

Kay Redfield Jamison, An Unquiet Mind: A Memoir of Moods and Madness 196 (1995). Our point
here is that the colors used are arbitrary, and may have been represented in this way to create
precisely thisimpression.
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Credibility Impeachment, 57 Hastings L.J. 509 (2006); Laura Stephens Khoshbin & Shahram
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theLaw, 33Am. J.L. & Med. 171 (2007); Adam J. Kolber, Therapeutic Forgetting: The L egal and
Ethical Implicationsof Memory Dampening, 59 Vand. L. Rev. 1561, 1623-24 (2006); Adam Kol ber,
Pain Detection and the Privacy of Subjective Experience, 33Am. J.L. & Med. 433 (2007); Jennifer
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Am. JL. & Med. 295 (2007); Jonathan H. Marks, Interrogational Neuroimaging in
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DameL. Rev. (forthcoming 2010); Dean Maobbs et al., Law, Responsibility, and the Brain, 5 PLoS
Biology 693 (2007); Stephen Morse, Brain Overclaim Syndrome and Criminal Responsibility: A
Diagnostic Note, 3 Ohio St. J. Crim. L. 397 (2006); Erin Ann O'Hara, How Neuroscience Might
Advance the Law, 359 Phil. Transactions Royal Soc'y London B: Biological Sci. 1677 (2004);
Purvak Patel et al., The Role of Imaging in United States Courtrooms, 17 Neuroimaging Clinics N.
Am. 557 (2007); Mark Pettit, Jr., EMRI and BF Meet FRE: Brain Imaging and the Federal Rules
of Evidence, 33 Am. JL. & Med. 319 (2007); Richard E. Redding, The Brain-Disordered
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Adam Teicher, Weaving Functional Brain Imagingintothe Tapestry of Evidence: A Casefor
Functional Neuroimagingin Federal Criminal Courts80 Fordham L aw Review 355 (October,
2011)’

Recent advances in brain imaging technologies allow researchersto “ peer inside” a defendant's
brain. Although functional neuroimaging evidence is frequently used in civil litigation, federal
courts have been hesitant to admit it into evidence in criminal trials. Scholars and commentators
alikecontinueto debatethe merits, detriments, and general admissibility of functional neuroimaging
evidence in the criminal context. Meanwhile, federal judges repeatedly admit various forms of
forensic science into evidence without evaluating them under the appropriate admissibility
standards. This Note argues that this has created a double standard for evidence admissibility.
Functional neuroimaging evidence may, in fact, be more scientifically reliable than some of the
forensic science evidence currently admitted at trial. Accordingly, this Note proposes that judges
should consider the disparity in evidentiary standards when considering the admissibility of
functional neuroimaging evidence, and should carefully and fairly examine such evidence when
proffered in federal criminal trials.

Table of Contents
Introduction

Neuroscience and the Evidence Admissibility Standards

A. Structural and Anatomical Brain Imaging and Its Impact on the Law

B. Functional Brain Imaging and Its Impact on the Law

1. Methods of Functional Brain Imaging

a. Positron Emission Tomography (PET) and Single Photon Emission
Computed Tomography (SPECT)

b. Electroencepha ography (EEG)

c. Quantitative Electroencephal ography (dEEG)

d. Functional M agnetic Resonance Imaging (fMRI)

7 Copyright (c) 2011 Fordham Law Review; Adam Teitcher
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e. Brain Fingerprinting (BF)

f. Brain Electrical Oscillations Signature Test (BEOS)

2. Functional Brain Imaging in the Courtroom

C. Admissibility Standards: The Daubert Trilogy and the Federal Rules of

Evidence

1. The “Daubert Trilogy”

2. Post-Daubert Trilogy: The Federal Rules of Evidence

3. The Role of the Jury After Daubert

D. Forensic Science Evidence Under Daubert

1. Forensic Individualization as Scientific Evidence

2. Evidentiary Challenges Post-Daubert

3. 2009 National Research Council Report

4. Forensic Individualization in the Courtroom

Admissibility of Functional Neuroimaging

A. Arguments for Excluding Functional Neuroimaging Evidence

1. Lack of Methodological and Interpretive Standardization

2. Complexity and Interconnectedness of the Brain

3. Minimal Probative Vaue

4. Potential to Mislead and Confuse the Jury

5. Crimina Casesin Which Federal Courts Excluded Functional

Neuroimaging Evidence

B. Arguments for Admitting Functional Neuroimaging Evidence
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1. Criticism Is Not Based on Legal Doctrine

2. Functional Neuroimaging Is Sufficiently Reliable to Pass Daubert

3. Excluding Functional Brain Imaging Would Deny Defendants Their
“Right to Voice’

4. Functional Brain Imaging Has Probative Value

5. Probative Vaue of Functional Neuroimaging Outweighs Its Prejudicial
Risk

Bringing Functional Neuroimaging into the Courtroom: Necessary and
Useful

A. Balancing the Evidence Presented to the Jury

B. Normative, Not Scientific, Issues

Conclusion

*357 Introduction

At approximately 2:30 PM on March 30, 1981, six shots were fired outside of the Washington
Hilton Hotel . John Hinckley, Jr. attempted the assassi nation of President Ronald Reagan, wounding
the President and three others.2 During his tria fifteen months later, Hinckley's defense attorney
called to the stand a radiologist who showed the jury a computer axial tomography (CAT) scan
depicting atrophy of Hinckley's brain.2 With theimages projected on ascreen in the courtroom, the
doctor testified that the atrophy was abnormal, suggesting “organic brain disease,”2 aterm used to
describeimpaired mental functioning. Althoughthepresiding judgeinitially barred theimagesfrom
being displayed in the courtroom for fear that the jury might grant them too much weight, he later
decided to alow the images because they might help give the jury “a complete picture’ of the
evidence bearing upon Hinckley's guilt.? Three weeks later, the jury found Hinckley not guilty by
reason of insanity.2

Since the Hinckley tria, the use of neuroscience in the courtroom has drawn significant public
attention. Although the potential usesfor functional neuroimaging in the courtroom haveincreased
dramatically,® actual use has not. Critics decry the use of neuroimaging as too nascent of a science
and too prejudicial or unreliable to meet admissibility standards,” though some say it will meet
admissibility standardsin the near future.2 Proponents argue that functional neuroi maging evidence
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has significant probative value and may even satisfy thefedera evidentiary standard, and should be
admitted.?

However, the debate surrounding the admissibility of functional neuroimaging evidence seems
misguided, and critics have held neuroimaging evidence to unusually restrictive admissibility
standards.’? At the very least, the admissibility standards have been applied to functional
neuroi maging evidence more strictly than they have been applied to other forensic evidence offered
incriminal trials.2 Asthe evidentiary * 358 maxim goes: “A brick isnot awall,”*2 meaning that an
item of evidence is relevant to the overall structure of the evidence but is not in itself the basis of
all the evidence. Accordingly, judges should view functional neuroimaging as an evaluative tool,
one of many bricks used to build the tower of evidence. Thiswould provide litigants with the tools
necessary to fully present and effectively argue their case and would allow juries to evaluate and
consider useful functional neuroimaging evidence during the course of a trial .2 After all, the
purpose of scientific evidenceisto elucidate the facts by providing the fact-finder with al relevant
information to arrive at the truth,% and functional neuroimaging likely can aid in that endeavor.2
Moreover, much of thescientific evidence currently admittedin criminal trials--specificaly, forensic
individualization sciences--isunreliabl e at best and dismal at worst.2 Y et despitethescientific flaws
and unreliability, courts often admit such evidence, and sometimes by judicial notice, without ever
analyzing the evidence under the federal standard for admissibility. Much of forensic
individualization evidence haslittle, if any, scientific basis, but is often admitted based on ahistory
of admission® in lieu of evidentiary merits.22 Furthermore, admissibility challenges are largely
biased in favor of the prosecution.Z

Judges should strongly consider admitting functional neuroimaging evidence to balance the
spectrum of evidence presented at trial and restore a fair adversaria process. Of course, proper
safeguards such ascarefully crafted jury i nstructions? should beinstituted and maintained to prevent
* 359 unduereliance on neuroi maging evidence, and independent external regulatory entitiesshould
be established to supervise imaging methodol ogies and govern their courtroom use.Z Even when
no forensic individualization evidenceis offered, judges should consider admitting the evidenceto
avoid a double standard for admitting scientific evidence.Z This would ensure that the
fact-finders--both juries and judges alike--have the information necessary to help them arrive at a
decision on the legal issue at hand while using appropriate safeguards to narrow the scope of
functional neuroimaging evidence.#

Much has been written about neuroscience evidence admissibility in general 2 but no work known
to thisauthor examinesneuroscienceevidenceinlight of forensicindividualization evidence. Doing
so would help guide judges on how to handle functional neuroimaging evidenceto maintain afair
and balanced adversarial system. As brain imaging technology continues to improve, attempts to
admit functional neuroimaging evidence in criminal trials will likely increase. Especially in light
of arecent governmental report addressing the significant shortfalls of forensic sciences and its
continued use in the courtroom,® judges should reassess their reluctance to admit functional
neuroimaging into evidence in criminal trials.
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Part | of this Note introduces the reader to brain imaging in general and describes neuroscience's
impact on the law. Part |.B discusses functional neuroimaging, its numerous methodol ogies, and
how it can be used in the courtroom. Part |.C briefly surveysthe federal admissibility standards for
scientific expert testimony, which governs functional neuroimaging evidence. Because this Note
focuses on applications of functional neuroimaging to crimina law in federal cases, Part 1.D
discusseshow the* 360 federal admissibility standardsare currently appliedto afoundational aspect
of criminal law evidence: forensic individualization sciences.

Part 11 outlines the arguments both in favor and against admitting functional neuroimaging as
evidence. This part includes arguments about the evidence's reliability, relevance, utility, and its
potential to mislead, confuse, or prgudice the jury. Part Il aso illustrates how functional
neuroimaging is currently analyzed under federal evidentiary standards by federal criminal courts.

Part 111 suggests that judges should carefully consider admitting functional neuroimaging evidence
when offered in criminal trials, especialy inlight of the quality of forensic evidence currently used
in such cases. This Note concludes by suggesting that athough functional neuroimaging evidence
likely should be admissible, agoverning body should be created to establish guidelinesto regul ate
itsuse.

|. Neuroscience and the Evidence Admissibility Standards
A. Structural and Anatomical Brain Imaging and ItsImpact on the Law

Neuroimaging technology isnot new. Thefirst images of the brain appeared in the early part of the
twentieth century,# and, with the advent of computerized tomography (CT), brain imaging
technology rapidly progressed as a full-fledged science in the early 1970s.2 Technological
advancements soon |ed to the devel opment of nuclear magnetic resonance (NMR) imaging, known
as“magnetic resonanceimaging” (MRI).2 With the ability to produce exquisitely precise anatomic
detail, MRI soon became the preferred method for imaging the brain.2

MRI and other imaging technologies, such as positron emission tomography (PET),
el ectroencephal ography (EEG), and single photon emission computed tomography (SPECT), soon
led to functional imaging of the brain.2 By the 1990s, neuroscience in general and neuroimaging
technologiesin particular underwent such unprecedented growth that President George H.W. Bush
officialy proclaimed the 1990s the “ Decade of the Brain.”#

*361 Structura and anatomical brain imaging is currently used for diagnostic and investigative
purposes, such asdetecting brainlesionsand improving the diagnosis and treatment of neurological
diseases.2 It hasal soimpacted thelegal system'sunderstanding of criminal responsibility. Consider
the case of Ron, a schoolteacher from Virginia.® For forty years, Ron led a conventional lifestyle
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without showing any signs of deviant behavior.2 Inexplicably, once heturned forty, Ron devel oped
akeeninterest in child pornography and was subsequently arrested and convicted for making sexual
advancestoward his stepdaughter.® Hewasremanded to arehabilitation clinic for sex offendersbut
was soon expelled because he was unable to control hisurges, propositioning everyone with whom
he cameinto contact.® The day before Ron was schedul ed to appear beforethe court for sentencing,
he admitted himself to the emergency room complaining of a terrible headache.® Ron told his
doctors that he was afraid he would rape his landlady and that he was unable to control himself 2
Eventually, the doctors ordered abrain MRI. What they found shocked them. Ron had atumor the
size of an egg pressing against the right frontal lobe of his brain.2

After surgeons removed the tumor, Ron lost his uncontrollable urges and his pedophilia, and he
easily completed his rehabilitation program. He even moved back in with his wife and
stepdaughter.2 Seven months|ater, hischronic headachesreturned, and he secretly began collecting
pornography. Another brain scan revealed that Ron's tumor had partially grown back.# A second
surgical procedure successfully removed the tumor and relieved him of his urges.®

*362 Ron's caseillustrates how brain imaging can and doesimpact societal perceptionsof criminal
responsibility. If not for the egg-sized tumor pressing against hisbrain, Ron most likely would have
been incarcerated for his“moral failing.”% Instead, when the MRI revealed the tumor in his brain,
Ron received asecond chance and escaped prosecution even though he brokethe law. A caselike
Ron's challenges conventional notions of criminal responsibility for offenders with demonstrated
physical abrasionsor defectsinthebrain. Although braintumorsdo not conclusively causeimmoral
behavior or make one unableto abide by thelaw,2 acausal relationshipislikely.2 Thisisespecially
true when aphysical abrasion or tumor such as Ron's afflicts an individual 2> However, admitting
evidence of brain damage or dysfunction absent any physical or “external” factor® is more
problematic. It isin this context that functional brain imaging enters the discussion.

B. Functional Brain Imaging and ItsImpact on the Law

Functional brain imaging is used frequently in cognitive neuroscience, which is “the field of
scientific endeavor that istrying to understand how the brain enablesthe mind.”22 Asbrain imaging
technol ogies progress, cognitive neuroscientists use functional brain imaging to study the human
brain in action.® This provides doctors and scientists with the tools to help * 363 them diagnose
brain damage or diseasewhen physical damageisabsent.® But ascriticsof functional brainimaging
point out, the results of these scans are not entirely dispositive--a causal relationship between
specific brain functionality and criminal behavior has not yet been definitively determined.® The
problem is less pressing when the results of functional brain scans are coupled with results
indicating structural brain damage.2 Neverthel ess, functional brainimaging can significantly impact
the law in its own right.2*

1. Methods of Functional Brain Imaging
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Functional neuroimaging helps scientists understand brain activity by measuring various
biochemical and physiological events occurring within the brain.2 Specifically, scientists measure
the rate and volume of blood flow in areas of the brain involved in specific aspects of cognitive
functioning and the rate of oxygen consumption in those areas (called a hemodynamic response),>
or changesin variouselectrical currents.®2 While structural imaging captures asnapshot of thebrain
at one point in time, functional imaging tracks patterns of metabolic activity in the brain over a
period of time.2 Functional brain imaging is thus categorically different than structural brain

imaging.

Generally, functional brain scans operate as follows: a subject is presented with a situation or
performs a specific task, and researchers record the changes in the subject's brain activity as the
subject responds or performs the task. Because the changes in brain activity are usually localized
and occur over ameasurable span of time, the scans yield spatio-temporal brain data.®2 The datais
then compared with statistical maps of * 364 “normal” brain activity® or the subject's own baseline
brain activity®* by subtracting the normal or baseline reading from the data obtained from the
experimental scan.® The varying degrees of statistically significant metabolic change are color
codedtoidentify easily and differentiate between level sof activity.® Thistechniqueidentifiesareas
of the brain engaged in specific mental tasks.®” What follows is a brief overview of the various
methods of functiona brain imaging, including PET, SPECT, EEG, quantitative
electroencephalography (gEEG), functional magnetic resonance imaging (fMRI), Bran
Fingerprinting (BF), and finally, Brain Electrical Oscillations Signature Test (BEOS).

a. Positron Emission Tomography (PET) and Single Photon Emission Computed Tomography
(SPECT)

PET and SPECT are older methods of functional brainimaging than thefMRIs of today.% For PET
and SPECT scans, the subject isinjected with organic, radioactive molecules called tracers, which
are then dispersed throughout the brain according to metabolic need.2 When metabolized, the
molecules emit gamma rays, which are then detected and interpreted by computers and used to
construct three-dimensional models of the working brain.”% Researchers can use the data from
multiplereadings collected over abrief time span to determinewhich areas of thebrain areinvolved
in different types of brain activity with a high degree of specificity.2 Because PET scans measure
localized blood volumein specifictissues, they effectively detect nuanced characteristicsof specific
neurodegenerative diseases.’”?

Like PET, SPECT requires injecting radioactive tracers into the subject's bloodstream. The
radioactive isotopes have longer half-lives, allowing SPECT scans to generate images for longer
periods of timewhileexposing * 365 the subject to fewer injectionsthan aPET scan.Z The tradeoff,
however, isthat SPECT does not map activity to specific brain areas as accurately as PET scans.”

Both PET and SPECT require injecting dangerous radioactive material into human subjects. This
prevents multipletrialsover ashort period of timeand thus diminishesthe potential accuracy of the
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collected data.2 Furthermore, PET and SPECT areal so often prohibitively expensive, | eading many
researchers to use other less costly--and |ess dangerous--techniques.

b. Electroencephal ography (EEG)

Unlike PET and SPECT, EEG does not measure changes in blood flow in the brain, nor does it
measuremetabolicrate. Instead, it recordstheel ectrical current produced by brain activity measured
via electrodes attached to the subject's scalp.Z However, EEG can only record electrical activity
occurring near the scal p and cannot probe deeper into the depths of the skull and brain.Z It therefore
lacks the spatial resolution and specificity of PET and SPECT, but has better temporal resolution,
meaning it is better at detecting the nuanced timing differences of measured brain activity.”

c. Quantitative Electroencephal ography (QEEG)

gEEG is a computer-based method for interpreting EEGs.2 Digitized recordings of EEGs pass
through a series of signal processing algorithms and are classified as normal or abnormal based on
numerous factors such as frequency, events, or localization.2: qEEG can also identify specific
patterns of electrical activity associated with brain diseases or neurological disorders, such asslow
brain waves associated with dementia. While qEEGs have the added analytical component and
power of a computer processor, the recording mechanism is still an EEG and thus has the same
temporal superiority and spatial deficiency.

*366 d. Functional Magnetic Resonance Imaging (fMRI)

The most prevalent method of functional brain imaging isfMRI.2 The scan detects hemodynamic
changesin different areas of the brain.2* The amount of blood present in and flowing to aparticul ar
brain region, and the amount of oxygen present in that blood, depends on the level and intensity of
brain activity occurringin that particular region of the brain.22 Researchersinterpret increased blood
flow as an increase in that region's cellular activity.2 In other words, if a particular set of neurons
increasesin activity, sowill itsmetabolicrate. Likeitsstructural and anatomical counterpart, & fMRI
is widely accepted and broadly used for medical and research purposes.2

This method has two major advantages over other forms of functiona neuroimaging. First, fMRI
has much better spatial and temporal resolution than both PET and SPECT, usually on the order of
millimeters and seconds.2 The brain's hemodynamic response rises and falls over aperiod of afew
seconds, yet fMRI can measure latency differences as small as a few hundred milliseconds.2
Although the tempora resolution of fMRI is somewhat inferior to EEG and qEEG, its spatia
resolutionisfar superior. Of the available neuroimaging techniques, scholars and researchersalike
consider fMRI to provide the best balance of temporal and spatial resolution,2 and the technology
continues to improve.2 Second, unlike PET and SPECT, fMRI is noninvasive since it does not
require injecting radioactive isotopes into subjects.® Researchers can therefore conduct *367
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multiple trials on subjects over a short period of time, enhancing the reliability and validity of
results.®

e. Brain Fingerprinting (BF)

BF isamore recently developed incarnation of EEG. BF “matches information stored in the brain
with information from the crime scene.” 2 El ectrodes placed on a subject's scal p measure a specific
electrical impulse, a brain wave known as P300, that is emitted when a subject “recognizes and
processes an incoming stimulus that is significant or noteworthy,” but not if the stimulus is
“insignificant.” 2 BF purportsto measure only i nformation processing and not emotional responses,
and its creator claims it cannot be manipulated or controlled by the subject.2 Therefore, BF claims
to givean accurate reading of “information present” or “information absent” in thebrain.2 With the
potential to be used for brain-based lie detection, BF has aready been proffered in at least two
cases.2 However, thereisconsiderable controversy over itsusefor lie detection purposes*® In fact,
there is much debate within the scholarly community over whether any brain-based lie detection
should be used in the courtroom 2

f. Brain Electrical Oscillations Signature Test (BEOS)

Like gEEG and BF, BEOS is a recycled use of EEG. Developed by an Indian neuroscientist and
built on technigues similar to BF, BEOS can purportedly distinguish people's memories of events
they witnessed from deeds they committed.2%? Electrodes are attached to the subject's head and the
subject is presented with stimuli in the form of sentences or pictures. Neutral stimuli are aso
included to normalize the software so that it can * 368 distingui sh memories from normal cognitive
function.2® The test claims to detect both conceptual and experiential knowledge.l BEOS has

already been used in Indiato convict at least one person of murder.2%

2. Functiona Brain Imaging in the Courtroom

Functional neuroimaging has serious implications for many legal issues. Researchers have found
that severa brain regions are functionally impaired in antisocial, psychopathic, and aggressive
individuals.2® Findings such as these have the potential to redefine many legal concepts such as

mens rea” addiction,®® criminal responsibility,’® and competency to stand tria*® or be

sentenced X! Functional neuroimaging also has implications for privacy,** bias detection, 2

prediction of future criminal behavior,24 and lie detection.X*2 Functional neuroimaging certainly has
many potential * 369 uses in the legal realm. Y et there remains an ever-important hurdle for it to
clear. Before any evidence, whether neuroscientific or otherwise, can be used in the courtroom, it

must pass the standards for evidence admissibility.

C. Admissibility Standards: The Daubert Trilogy and the Federal Rules of Evidence
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Although there are numerous legal applications of functional neuroimaging, if it isto be presented
attria, it must first clear an admissibility hurdle. This section discussesthe current federal standard
for admitting scientific evidence.

1. The “Daubert Trilogy”

The current standard for scientific evidence and expert testimony admissibility follows what is
collectively known asthe “ Daubert trilogy.” 2 In Daubert v. Merrell Dow Pharmaceuticals, Inc. 2
theU.S. Supreme Court declared that Rule 702 of the Federal Rules of Evidence (Rules) superseded
the “ general acceptance” test from Fryev. United States.22 The Frye “ general acceptance” test had
held that expert testimony was admissible if it was generally accepted as reliable in the relevant
scientific community 2 In Daubert, however, the Court ruled that the appropriate standard wasRule
702, which said that scientific testimony must be “not only relevant, but reliable,” thus removing
the absolute requirement that the scientific evidence be “generaly accepted” in the relevant
scientific community.22 Daubert requires judges to determine whether the “reasoning or
methodology” underlying the evidenceis“scientifically valid” such that it can be properly applied
to the particul ar case.*2 Becausetheinquiry is* aflexible one,” 2 judges have discretion * 370 when

acting as “ gatekeepers” to ensure that the scientific testimony is both relevant and reliable.2

Asthe Court noted, “[i]n a case involving scientific evidence, evidentiary reliability will be based
upon scientific validity.”* Thus, for purposes of satisfying Daubert, scientific reliability depends
on whether an investigatory method passes muster as a valid scientific process. The Court
determined that when considering the admissibility of scientific evidence, ajudge must focussolely
on the principles and methodol ogies utilized in the scientific process and not on the conclusions

drawn from those methodol ogies.12

Tohelpjudgesdetermineif the proffered evidenceisscientifically valid (i.e., based onthescientific
method), the Court suggested a number of guidelines for judges to consider. First, the underlying
method should be empirical, meaning that the technique should be testable and open to scientific
criticism.22 Second, judges should consider whether the technique is subject to peer review and
publication.*% Third, the technique should have aknown or potential rate of error.22 Fourth, judges
should consider whether the technique is standardized or whether regulations control its use.2
Finally, withanodto the Fryetest, the Court included general acceptance of themethodol ogy within
the scientific community as a factor for courts to consider, athough this factor is no longer

dispositive. X2

The Court noted that many factorswill bear on an admissibility inquiry and it did “not presumeto
set out a definitive checklist or test.”£3 Thus, the Court was careful to grant judges the flexibility
to remain relatively subjectivein their inquiry while providing an identifiable framework in which
to operate.
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Inits conclusion, the Court addressed the dissenters concerns about the decision'slastingimpact.2%
The dissenting Justices worried that abandoning Frye would “result in a ‘free-for-all’ in which
befuddled jurieswoul d be confounded by absurd and irrational pseudoscientific* 371 assertions.” £
The Court dismissed these concerns by reaffirming its faith in the adversary system of the
courtroom, labeling naysayers as “overly pessimistic about the capabilities of the jury and of the
adversary system generally.”* Clarity would be achieved through “[v]igorous cross-examination,
presentation of contrary evidence, and careful instruction on the burden of proof.”

In General Electric Co. v. Joiner,2® the Supreme Court announced that the correct standard of
review for an evidentiary ruling is abuse of discretion.2! In a concurring opinion, Justice Breyer
urgedtrial judgesto take appropriate measuresto managetheir gatekeeping duties.2 Justice Breyer
advocated appointing reputable experts, or “specia masters,” to help determine the scientific

validity, and thus evidentiary reliability, of scientific evidence.X®

Thelast of the“ Daubert trilogy,” Kumho Tire Co. v. Carmichael®? extended Daubert to encompass
all expert testimony.22 Kumho Tireinvolved the analysis and deposition testimony of atire-failure
expert who drew his conclusions after visually inspecting thetires. 2 The Court found that ajudge's
gatekeeping duties extend to all expert testimony involving “scientific,” “technical,” or “other
specialized” knowledge.2® Thus, today, whether expert-based testimony is scientific in nature or
based on “skill- or experience-based observation,” the same evidentiary standard applies.:*

The Court also reiterated that Daubert's guiding factors were “ meant to be helpful, not definitive,”
and that trial courts have discretion in deciding whether or not evidenceis admissible, because that
determinationislargely fact-dependent.> Hence, the notion that the Daubert factors must be applied
to every case was categorically rejected.

The Daubert admissibility standard can bedistilled to afew key points. Trial judges must assessthe
relevance of the proffered evidencel They *372 must also determine the scientific validity
underlying the evidence's methodology,* and they may appoint an expert to assist the court if
necessary.X Thisappliestoall formsof expert testimony, holding each expert to the same standards
of “intellectual rigor.”*2 Once admitted, evidentiary rulings are subject to the deferential “abuse of
discretion” standard of review, effectively granting trial judgesthefinal say in evidentiary matters.2

The story of scientific evidence admissibility, however, does not end there.

2. Post-Daubert Trilogy: The Federal Rules of Evidence

Like most scientific evidence, functional neuroimaging evidence requires an expert to interpret the
scans for the jury or testify about the results of the scan.222 The Rules regulating expert testimony

are therefore pertinent to this discussion.

In 2000, Rule 702, which currently requires that any expert testimony “assist the trier of fact to
understand the evidence or to determine a fact in issue,” 2 was amended to reflect the Daubert

Page 99 of 166



trilogy.2* The amendment called for judges to engage in three general categories of inquiry when
acting as gatekeepers. The expert testimony must be “based upon sufficient factsor data,” it must
be the “product of reliable principles and methods,” and the testimony must be “reliably [applied]
to the facts of the case.” = However, it does not require that the evidence be “generally accepted”
within the relevant scientific community. Neither the Federal Rules of Evidence nor the Daubert
trilogy categorically restrict judges from admitting evidence that is not uniformly accepted within
the scientific community.

Rule 403 al so informs adiscussion of brain scan admissibility. Evenif evidenceisrelevant, it may
still beexcluded“if itsprobativevalueissubstantially outwei ghed by the danger of unfair prejudice,
confusion of the issues, or [if it is] misleading [to] the jury.”’ Juries can be swayed by the
“impressivetitle[s]” of scientistsinthe courtroom, attributing greater weight to their testimony than
is deserved and creating problems of sophistry.2 Thus, while evidence may pass admissibility
standards under * 373 Daubert and Rule 702, ajudge may still exclude evidence under Rule 403.:2
Rule 403 is important to the present discussion because some critics worry that testimony about
brain scans will provide an air of infallibility and strongly prejudice or mislead ajury, what some
refer to as the “ Christmas tree effect.” 2

Rule 704 also informs adiscussion of functional neuroimaging evidence.2 It defines the scope of
admissible expert testimony when the expert testimony concerns a defendant's mental state.
According to the rule, the expert may not testify as to whether a defendant definitively did or did
not have a specific mental state necessary for a specific crime because “[s|uch ultimate issues are
matters for the trier of fact alone.”*22 While Rule 704 has largely been subsumed by Rule 702's
requirement that the testimony “assist the finder of fact”® and by Rule 403's protection against
misleading or confusing the jury,® it till stands to prevent experts from testifying if they will
“merely tell the jury what result to reach.” 1%

While theoretically simple, the practical impact of Daubert remains unclear, and has created both
confusion and controversy.*® One study of 372 federal and 321 state criminal appellate cases from
1988 to 1999 found no change in admissibility rates under Daubert as compared with the older Frye
standard.2®’ Schol ars and commentators argue that while judges often cite Daubert in their analyses,
the standard is not applied in any meaningful way .2 A recent report found that “[f]ederal appellate
courts have not with any consistency or clarity imposed standards ensuring the application of
scientificaly valid reasoning and reliable methodology in criminal cases involving Daubert
questions.” %2

3. The Role of the Jury After Daubert

Daubert requiresjudgesto act as gatekeepers of scientific evidence, but it does not substitute them
for the jury or for the adversarial legal system in *374 general 122 For example, the judge cannot
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decide whether an expert's testimony is factually correct, nor can the judge pass judgment on any
conclusions drawn by an expert from aparticular methodol ogy.22 Rather, it isfor thejury to decide
whether the expert is correct in his or her assessment.12 The judge must focus solely on how the

expert arrived at his or her opinion.t2

Although courts haveinconsistently applied Daubert,X” they have consistently reaffirmed thejury's
role in assessing the reliability of scientific evidence, finding that sufficiently probative evidence
will not be excluded despiteits potential to mislead or confuse the jury X2 After al, “Rule 403 isa
rule that favors admissibility.”2 In United States v. Starzecpyzel 2~ the court found that evidence
was prejudicial because the jury could attribute it “far greater precision and reliability” than is
otherwise appropriate.t2 However, thecourt did not excludeit under Rule 403, stating that, “[w] hile
the Court does not take the problem of prejudicelightly, itisalsoimportant not to overreact toit.” 2
The court took protective measures to mitigate any potential prejudicial effect’® and admitted the
evidence, statingthat “‘ [t]hejury isintelligent enough, aided by counsel, to ignorewhat isunhel pful
initsdeliberations.”’ 1 In that * 375 case, the probative value outweighed the potential prejudicial
effect. Thisreaffirmed the Supreme Court's vote of confidencein the aptitude and utility of thejury
and in the adversarial system,*¥2 which the Court has repeatedly recognized as“" the greatest legal
engine ever invented for the discovery of thetruth.”’ 22 Scholars point out that whilejurors may not
enter the courtroom with extensive scientific or technical knowledge, if any at all, their collective
experiences still warrant their participationin “legal decision making,” even when thedecisionsare
based on scientific evidence.X®

D. Forensic Science Evidence Under Daubert

Following Daubert, scholars were both skeptical and critical of the decision's practical impact.2®
One major criticism was that Daubert presumed that science operates on “objective standards that
canbeclearly understood and applied by judges’ whenin fact those standardsvary widely.£ Judges
often evaluate scientific evidence based on their own assumptions about the nature of the evidence,
analyzing the evidence under personalized methods and standards.22’ This creates confusion and
discrepancy as “litigants with similar complaints are subjected by gatekeeping judges to
substantially different evidentiary standards and validation processes.”® The forensic sciences
provide asalient example * 376 of how judges apply different evidentiary standards and validation
processes.

One of the goals of Daubert wasto weed out “junk science” from the courtroom.22 As gatekeepers,
judges are supposed to ban empirically unreliabl e evidence under the strictures of Daubert and Rule
70212 But scholars have pointed out that judges have failed to do so, particularly in the criminal
context.22 Studies have shown that judges are especially lax in applying Daubert to forensic
evidence proffered by prosecutorsin criminal trials.2 A recent report notes that much of forensic
evidenceseverely lacksscientificvalidity and reliability, yet the courtshavebeen* utterly ineffective
in addressing this problem.” 2 Although some district courts have begun to question the scientific
underpinnings of forensic science evidence under Daubert, the trend has been slow to reach the
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appellate level 2 To understand the relevance of forensic evidence to functional neuroimaging
evidence, forensic evidence must first be understood.

*377 Because functional neuroimaging has great potential for the criminal justice system, and
particularly for defendants, % the next section of this Note discusses how Daubert affected one of
the most important aspects of criminal evidence: forensic science evidence, and in particular,
forensic individualization evidence.

1. Forensic Individualization as Scientific Evidence

Forensic science evidence has three main purposes. identification, individualization, and
reconstruction.2® The purpose of forensic identification is to identify a substance and quantify or
measureit.X¥’ For example, apolice officer might send abag of white powder confiscated during an
arrest to aforensics lab to determine whether it contains cocaine and if so, how much.* Classic
forensic sciences such as this are considered highly reliable’® and are rarely challenged under
Daubert or Rule 702 unless there is evidence of negligence or fraud.2®

Forensic individualization has an entirely different goal. Instead of identifying or quantifying a
particular substance based on inherent or objective characteristics, forensic individualization relies
on the “expert interpretation of observed patterns’®: in order to “associate an item of evidence
found at a crime scene with its unique source, to the exclusion of all others.”?%2 Forensic
individualization expertsrely on principles of basic probability, which state that the likelihood that
a unique trait is shared by two different objects is extremely small.22 Thus, by anayzing the
“uniqueness’ of an object and comparing it to known samples of the same or similar objects,
forensic individualization experts claim to identify the source of the object.2 Thistype of analysis
makes exclusion easier than association, meaning that it is much easier for an expert to rule out a
possible source for the specific object than to definitively “match” it to a source2® In fact, “[t]he
claim of unique individualization has never been demonstrated for any forensic individualization
science through empirical * 378 testing.” 22 Y et, as scholars point out, this has not prevented some

forensic experts from claiming that they can definitively match an item to its source.2”

For example, in United Statesv. Green, 2 prosecutors sought to call aballisticsexpert to testify that
fourteen shell casingsfound on astreet were all fired from the same weapon.22 The expert claimed
to be able to match the shell casings to a specific firearm “to the exclusion of every other firearm
in the world.” 22 Recognizing the “ sloppy practices’2: and “ serious deficiencies’22 of theforensic
technique, the court neverthel essall owed the expert to testify but prohibited him fromtestifying that

he could identify the gun to the exclusion of all other firearms.22

Oftencalled“ non-scienceforensic sciences,” forensi cindividualization sciencesincludewhat could
be considered atypical lineup of forensic evidence: anaysesof fingerprints, shoe prints, bite marks,
tool marks, firearms (ballistics), handwriting, hair samples, and DNA, among others.24 Though they
are not based on typica scientific methods of anaysis, with the exception of forensic DNA
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analysis,22 forensicindividualization * 379 sciences still rely on expert testimony, and aretherefore

subject to Daubert and Rule 7022

Itiswidely recognizedthat forensicindividualization haslittle or no scientific, empirical, or testable
foundation,? and there have been few if any attempts to improve them with serious research.22
Although many forensi cindividualization techniques have been around for along time, 22 they must
still meet the Daubert standards; Daubert carries no “grandfather” clause that would allow the
evidence to bypass the admissibility standards.2® Moreover, the evauation of the forensic
individualization sciences is especially important in criminal Daubert * 380 jurisprudence.# The
Daubert standard may have beenframed in acivil caseinitialy, yet “federal courts should apply [it]

with equal force to their criminal docket.”22

Scholarswidely agreethat rigorous application of the Daubert standard is severely lacking.2 Most
forensic techniquesremainlargely untested and their validity under Daubert is questionabl e at best.
Y et they are continually admitted, often based on their long history of judicial acceptance?* and
sometimes by judicial notice.22 The need for genuine evidentiary analysis grows stronger as an
increasing number of convictions, which relied heavily on forensic individualization evidence, are
overturned by DNA exonerations.22 A ccording to Professor David Faigman, “faulty forensic science
is second only to eyewitness errors as the leading cause of erroneous convictions.”#-

For example, in 1998, Stephan Cowanswas convicted of shooting a Boston police officer. 22 A key
item of incriminating evidence offered at trial was a latent fingerprint found at the scene of the
shooting.22 Two separatefingerprint analysts confirmed the match, but theevidencewas* 381 never
challenged under Daubert. 20 Six years later, DNA test results showed that the prints were wholly
inconsistent with Cowans DNA profileZt The fingerprints were reanalyzed and the initial
conclusions were found to be not only erroneous, but it was discovered that the conclusions were
known to be erroneous during Cowans trial and during his conviction, though that information was
intentionally concealed.Z2 While the unfortunate experience of Stephan Cowans is an extreme
exampleof prosecutorial misconduct, it highlightstheimportance of conducting aDaubert analysis
for forensicindividualization evidence, and the severe consequencesthat might accompany afailure
to do so. A recent governmental report sums up this point: “[B]ecause accused partiesin criminal
cases are convicted on the basis of testimony from forensic science experts, much depends upon
whether the evidence offered is reliable.” 22

2. Evidentiary Challenges Post-Daubert

The rate of pretrial challenges to forensic evidence admissibility has generally increased
post-Daubert, but most of these challenges occur in civil suits.2* In criminal trials, prosecutors
introduce far more forensic evidence than do defendants, and prosecutors also challenge the
admissibility of forensic evidence approximately three-and-a-half times more often than
defendants.2
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The success rate of admissibility challenges to forensic evidence in criminal prosecutions mirrors
the disparity with which they are brought. Defendant-initiated Daubert challenges succeed lessthan
10 percent of the time.Z® Challenges by prosecutors, in contrast, succeed more than two-thirds of
the time.Z Although this does not necessarily reflect an inherent unfairnessin thejudicial system
or call into question the wisdom of any * 382 specific court decision, it has raised eyebrowswithin

the scholarly community .22

3. 2009 National Research Council Report

The limitations of the forensic individualization sciences have not gone unnoticed. Recognizing a
dire need for improvement, Congress passed the Science, State, Justice, Commerce, and Related
AgenciesAppropriations Act of 2006.22 Given the significant “ absence of data” withintheforensic
science and legal communities, the statute authorized the National Academy of Sciences (NAS) to
conduct acomprehens vestudy ontheforensi ¢ sciencesand to suggest improvementsand guidelines
to “help ensure quality and consistency in the use of forensic technologies.” 22

In its report, the National Research Council (NRC), an arm of the NAS, identified numerous
weaknesses plaguing the forensic sciences, of which the most prevalent weaknesses were among
forensicindividualization sciences.2 Theweaknessesidentified by the committeeincludedisparity
in operation, inconsistent practices, lack of standardization, absence of certification and
accreditation, andinterpretive problems.22 The committee al so noted that, except for DNA analysis,
no forensic technique has rigorously drawn a consistent and reliable connection between forensic
evidence and a specific individual or source.22

The committee found that no standardization or regulation exists either across the forensic
individualization disciplines or within a particular discipline.2 The committee further noted that
forensics are most often based on subjective interpretations of observed characteristics rather than
scientific studiesto determinetheir vaidity, and that thisis“ aserious problem.” 22 Accordingly, the
committee declared that “research isrequired to establish the limits and measures of performance’
of the individualization sciences.2® Given that the legal and judicial communities rely so heavily
on forensics, the committee lamented that “thelaw's greatest dilemma. . . [is] whether--and to what
extent--there is science in any given forensic science discipline.” 2 The committee made multiple
recommendations to improve forensic science evidence in courtrooms, but itsinitia and primary
recommendation was that Congress should * 383 appropriate funds to establish an independent
federal entity to supervise, promote, and develop the forensic disciplinesinto amature and reliable

field of research and practice.2®

4. Forensic Individualization in the Courtroom
Various courts, including the Supreme Court, %2 have admitted forensic individualization evidence

despite recognizing that it has significant weaknesses. 2 While some courts appear to conduct a
Daubert analysis, they overlook scientific issues and admit the evidence on non-scientific grounds,
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often yielding to its history of past admissibility.2! For example, in United States v. Crisp,2? the
Fourth Circuit found that both fingerprint identification and handwriting comparison survive
Daubert.Z2 Although the court appeared to conduct a Daubert analysis® it explicitly stated its
reason for admitting thetestimony: “[L]ikefingerprint analysis, handwriting comparison testimony
hasalong history of admissibility inthecourtsof thiscountry. Thefact that handwriting comparison
analysis has achieved widespread and lasting acceptance in the expert community gives us the
assurance of reliability that Daubert requires.”22 The court recognized the scientific shortcomings
of the evidence®® and noted that a few district courts had recently questioned its viability under
Daubert. %! *384 Y et in what one scholar calls a“ breathtaking|] disregard of Daubert,” %2 the court
nevertheless was unwilling to depart from the pedigree of the evidence.22 As some scholars note,
the court blindly accepted the validity of the evidence, stating that its error rate was “negligible’ or

“essentially zero,”%° a statement that is “startling” when given without supporting data.2

Similarly, in Green, Judge Nancy Gertner strongly implied that expert toolmark testimony22 shoul d
properly be excluded under Daubert,22 but that she felt “compelled to allow” it because she was
“confiden [t] that any other decisionwill bere ected by appellate courts, inlight of precedentsacross
the country” that consistently admit it.2* Judge Gertner expressed her frustration with the
testimony's continued admi ssion despiteits obvious Daubert insufficiencies, lamenting: “ Themore
courts admit this type of toolmark evidence without requiring documentation, proficiency testing,
or evidence of reliability, the more sloppy practices will endure; we should require more.” 2

A recent district court opinion struck adifferent chord. In United Statesv. Willock,22 JudgeWilliam
D. Quarles, Jr. adopted the report and recommendation of Magistrate Judge Paul W. Grimm, who
conducted an extensive Daubert review of ballisticsidentification.Z! Noting that the validity of the
science “has not yet been fully demonstrated,” Judge Grimm found that the expert's testimony still
had a“baselinelevel of credibility” useful to thejury?® and should be admitted under Daubert, but
with strict qualifications.22 The court allowed the expert to testify in uncertain terms--using the
qualifying phrase, “morelikely than not”22--and mandated that the testimony was to be considered
an “estimate” supported by the evidence, which would go to theweight of thetestimony.Z Thejury
would reach the ultimate question of whether the bullets were fired *385 from the specific
firearm.2 Responding to concernsabout the unreliability of thetestimony or itspotential tomislead
thejury, Judge Quarles said those weaknesses would emerge “ through effective cross-examination,
or by offering defense experts to challenge [them].” 22

With the exception of some recent district court decisions, 2 most courts do not question forensic
individualization evidence under Daubert, and some argue that to do so would “make the best the
enemy of the good.”22 Some commentators agree, suggesting that unreliable forensic evidenceis
admitted because to “demand more by way of validation [ismore] than the disciplines can presently
offer.” 2% Others voice their disagreement by suggesting that forensic evidenceis admitted under a
misguided understanding of the Daubert “reliability” requirement as expressed in Rule 70227 As
will be discussed in Part I11.A, the fact that individualization evidence is routinely admitted under
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Daubert without subjecting it to a proper admissibility analysis should force judges to carefully
consider admitting functional neuroimaging evidence.

[1. Admissibility of Functional Neuroimaging

This part discusses the arguments for and against admitting functional brain scans as evidencein
the courtroom. This Note avoids potential constitutional issues posed by such evidence?® and
focusesinstead onfederal criminal casesinwhich such evidenceisused, admissibility issuesraised
under the federal evidence admissibility standards, and implications of such evidence for the
criminal justice system at the federa level.

While courtsare quick to admit neuroscience evidence, 22 courts have been more circumspect about
admitting functional neuroimaging * 386 evidence.2® Functional neuroimaging is “too new, too
uncertain, and too |aden with troubling questions to earn easy admission to the courts.” 2 Further,
most of the criminal cases in which functional neuroimaging evidence is admitted are state cases,
not federal, though it has been admitted in civil litigation at both the state and federal level 22

A. Argumentsfor Excluding Functional Neuroimaging Evidence

1. Lack of Methodologica and Interpretive Standardization

Critics question the validity and reliability of the underlying science of functiona neuroimaging,2
and often refer to an analytical or deductive gap between the imaging studies and the courtroom
testimony.2* As noted earlier, neuroimaging techniques have either atemporal delay or imperfect
spatial resol ution, or acombination of both.22 Criticsarguethat courtroom useispremature because
the scans necessarily involve expert interpretations,2¢ which depend heavily on the methods
employed by the individual scientists and researchers conducting the scans’ Individual
assumptions, they argue, can influence the results of a scan because numerous choices and
considerations contribute to determining how the scans will be conducted, what data will be
collected, and how that datawill be analyzed.Z2 Asthe studies get more complex, so doesthe data,
which in turn increases the subjectivity and disparity in interpreting the results.2 With little
standardization among neuroimaging techniques, it isdifficult to compare objectively theresults of

ascan conducted by oneresearcher with those of another scan conducted by adifferent researcher .22

*387 Critics also argue that individual differences among subjects are important in law, and
functional neuroimaging insufficiently accounts for them.2! Thresholds demarcating statistically
significant brain activity?*2 are not standardized, so deviation from arbitrarily established norms may
not reliably indicate whether a subject has normal or dysfunctional brain activity.?2 Asone scholar
noted, “Anyone dealing with the application of neuroscience to law has to remember that most

studies are about group averages, but thereisno ‘group’ in the witness box or the defendant's seat.
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Moving from the group averageto theindividual will be very hard.”2* The brain is acomposite of
influences incorporating numerous social, cultural, and personal experiences.Z2 When introduced
in legal settings such as courtrooms, these individual characteristics and unique qualities are
prioritized and they become exceedingly important, so even the slightest nuancesin brain function
are highly relevant.%2 Basing comparisons and results on arbitrarily established “normal” levels as
is the case with functional neuroimaging is therefore unhel pful 2~

2. Complexity and Interconnectedness of the Brain

Furthermore, critics oppose functional neuroimaging evidence because even if scans can accurately
detect specific patternsof brain activity inindividuals, the brainistoo complex to localize behavior
to a specific brain region.22 Moreover, critics argue that scientists can only draw correlations
between brain function and human behavior; direct causation cannot be traced.22 With the
interconnectedness between brain regionsand brain* 388 function insufficiently understood, therisk

of error in reaching legal conclusions based on inferences about brain function is high.2®
3. Minimal Probative Vaue

Evenif functional brain scans can accurately associate brain function with activity in aspecific area
of the brain, critics are not convinced that such findings would have probative valueto “assist” the
fact-finder as Rule 702 requires2® As Professor Michael Gazzaniga argues, law is concerned with
individual actions and responsibility, a social-legal construct that “does not exist in the neuronal
structures of the brain.”3% Functional neuroimaging is therefore unhelpful unless it can provide
“actual proof that the defendant is unable to appreciate the nature and quality or the wrongful ness
of hisacts.” 3% Compounding thisdifficulty, current neuroimaging techniques measure brain activity
indirectly, either by blood flow, metabolic activity, or electrical signals, and are thus “necessarily
attenuated from the ultimate object of interest--namely, cognitive function.”*® Critics therefore
opposeadmitting functional neuroevidenceabout adefendant'sinability to haveformedtherequisite

intent to commit a crime.3®

*389 4. Potentia to Mislead and Confuse the Jury

Finally, critics argue that functional neuroimaging should be excluded under Rule 4033 because
it can mislead the jury .2 Even if the actual images are not admitted as evidence, there is concern
that any neuroscience-based evidence--either the scans themselves or the expert testimony
interpreting those scans--will unduly prejudice or mislead the jury.2® If the actual scans are
presentedto ajury, criticsfear a“ Christmastreeeffect,” whereby jurors may be soimpressed by the
visua display of acolorful brain scan that they accept the scan as authoritative evidence without
considering the merits of the expert's accompanying testimony.2® Moreover, jurors might confuse
differencesin degree for differencesin kind, mistaking delicate, nuanced changes in brain activity
for asimplified dichotomy indicating that brain activity is present or absent.222 In other words, ajury
might think that a scan irrefutably supports the expert's testimony about a defendant's mental state
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when in fact it might only suggest the increased likelihood that a defendant either possessed a
particular mental state, or that a defendant might not be capable of possessing a particular mental
state. 3

5. Criminal Casesin Which Federal Courts Excluded Functional Neuroimaging Evidence

It isdifficult to accurately assess how functional neuroimaging isused in federa litigation because
most cases never reach trial, fewer completeatrial, and even fewer are reported.22 Of thosethat are
reported, only afraction conduct or record evidentiary hearings.22 Of the few federal *390 criminal
casesthat have conducted Daubert analyses, most have excluded functional neuroimaging evidence
and its corresponding testimony due to unreliability® or irrelevance,2 or the courts found that it
had minimal probative value because the evidence could not accurately assess a defendant's past

mental state.3°

In United States v. Mezvinsky,2 PET scan evidence was introduced to show that the defendant,
who was accused of multiple counts of fraud, was incapable of intentionally deceiving a person or
ingtitution, which was the requisite mens rea for his crime.2 The district court found the scans
unhelpful and irrelevant since they could not provide concrete information concerning the

defendant's capacity to deceive2® Accordingly, the PET scans were inadmissible for lack of

reliability and for irrelevance to the specific legal question at issue.3®

Similarly, in United Statesv. Puerto,2 the Eleventh Circuit affirmed the lower court's decision to
exclude the defendant's expert under a Daubert analysis.22 In an attempt to demonstrate that the
defendant could not have formed the mens rea necessary for fraud and money laundering, the
defendant sought to introduce expert testimony about his diagnoses of progressive vascular
dementia#2 The defendant wanted to show a brain scan indicating that aregion of his brain was
“cavitated out” and the brain tissue was replaced by fluid, indicating damage to numerous brain
functions, including comprehension and executive planning.22 The defendant also sought to
introduce an EEG scan to pinpoint the causes of the dementia.32 The district court excluded the
testimony and the neuroimaging evidence under Daubert and Rule 702 for lack of relevance.22 The
Eleventh Circuit affirmed, finding that the experts were unable to testify “with any medical
certainty” that the defendant lacked the requisite intent at the time of the offenses and that the
evidence could not * 391 “help thejury decide afactual dispute.”3% In both Mezvinsky and Puerto,

functional brain scans were excluded under Daubert for lack of relevance2

B. Argumentsfor Admitting Functional Neuroimaging Evidence

Although many scholars and commentators oppose introducing functional neuroimaging into the
courtroom,32 others advocate for its admission.2 This section discusses arguments in favor of
admitting functional neuroimaging. Proponents argue that functional neuroimaging evidence may

be sufficiently reliable, 2 relevant, and useful 22 and that its probative val ue outweighs the risk of

333

prejudicing or misleading the jury.==
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1. Criticism Is Not Based on Legal Doctrine

Substantial research supports the notion that functional brain scans reliably report on brain
function,®? but the legal community has been slow to accept this. Some contend that the legal
community's rel uctance to embrace functional neuroimaging isnot so much about the substance of
thescienceasitisan unwillingnessor hesitanceto build acollaborative bridge between scienceand
the law.2 Professor Oliver Goodenough and Vermont Assistant Attorney General Micaela Tucker
suggest that lawyers are “too bound by current paradigms to see the leaps that could be made in
doctrine and practice’3® by incorporating scientific findings into the legal arena. Resistance to

neuroi maging evidence, they argue, may be based more on intransigence than on legal doctrine.2

*392 2. Functional Neuroimaging Is Sufficiently Reliable to Pass Daubert

Responding to critics concerns about experts' use of probability and inference when interpreting
functional neuroimaging,2® Professors Erica Beecher-Monas and Edgar Garcia-Rill concede that
the testimony is necessarily couched in terms of probability, inference, and correlation rather than
certainty.2 They arguethat thisis standard scientific practice: causality cannot be determined with
certainty, so probability and inference are necessary to reach conclusions.22 Using probability and
inference “do[es] not . . . make [the observations] useless or unredlistic.”** Beecher-Monas and
Garcia-Rill argue that when judges act as gatekeepers, they must allow for the * probabilistic nature
of science” when considering the admissibility of functional neuroimaging evidence.*2 Echoing
Daubert, they argue that the judge's role as gatekeeper is not to decide whether the proposed
scientific theory is correct, but only to determine whether it meets the criteria qualifying it as a
“sound science.”*2 So long as the proffered testifying experts can present their opinions with
sufficient supporting data and explain how the hypotheses were tested while accounting for
conflicting opinionsin truescientific fashion, functional neuroimaging meets Daubert standardsand
should be admitted.2*

3. Excluding Functional Brain Imaging Would Deny Defendants Their “Right to Voice”

Defendants would be more likely than prosecutors to introduce functional neuroimaging evidence,
primarily about past mental states.2* Proponents argue that excluding such evidence would deprive
defendants of their right to testify on their own behalf, coined by one scholar as adefendant's “ right
to voice.”2® In Rock v. Arkansas,® the Supreme Court affirmed a* 393 defendant'sright to testify
on hisor her own behalf, holding that that defendants must be ableto present “[their] version of the
eventsfor which [they are] ontrial” unlessthey are* so untrustworthy” or “immuneto thetraditional
means of evaluating credibility.”3# Supporters suggest that functional neuroimaging evidence
provides experts with scientific facts upon which they can draw inferences “that not only support
the defendant's story but may be the only sourcefor it.”*2 Excluding such evidence would “ deprive
the criminal defendant of the voice the Constitution guarantees.”** Furthermore, with no easy or
direct way to assess accuracy about a defendant's past mental state, an expert could offer thejudge
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and jury important information about the defendant based on the expert's professional experience
and through the expert's opinion informed by the neuroimaging evidence.®t

In United States v. Sandoval-Mendoza, 22 the Ninth Circuit found that the district court abused its
discretion when it excluded the defendant's functional neuroimaging evidence® The court
concluded that without theevidence, thejury could not reach areasonabl e conclusi on about whether
the defendant possessed the requisite mental state, whether the defendant wasliable, or whether he
had avalid defense.®* Becausethe district court excluded the evidence, the Ninth Circuit found that

hewas “‘deprived . . . of afair opportunity to defend himself.”’ 3%
4. Functional Brain Imaging Has Probative Value

Proponentsal so assert that functional neuroimaging evidenceisrel evant to contested legal questions
at trial. Neuroimaging evidence is not a “brain-print in isolation from all other evidence” that
independently proves adefendant's guilt or innocence.2 Rather, it is“ onefactor among many” that
can help thefinder of fact reach an informed decision about adefendant'sinnocence or guilt.2? For
example, such evidence can show that a defendant has impaired brain function, indicating an
increased * 394 likelihood of disinhibition or aggressive behavior.22 It woul d be up to the fact-finder
to decide how to weigh the evidence or whether to rely on it at all 22 If the question concerns a
defendant'smental state at the time of theincident, functional neuroimaging can help thejury reach
an ultimate conclusi on about whether the defendant was or was not of aparticular frame of mind.2°

5. Probative Vaue of Functional Neuroimaging Outweighs Its Prejudicial Risk

Responding to those who wish to exclude functional neuroimaging under Rule 403,2 proponents
assert that such evidence will not overly mislead or prejudice thejury.22 Others believe that jurors
would be no less capabl e of critically eval uating functional neuroimaging evidence than they would
be at critically evaluating other types of scientific evidence.2® Still others argue that the probative
value of the evidence is much too strong to exclude it based on a possible prejudicial effect, and
certainly too strong for per seexclusion.®* Professor Neal Feigenson even suggeststhat the best way
to obtain reliable functional neuroimaging-based testimony and to decreaseits pregjudicial effectis
to admit more of that type of evidence and allow the experts and lawyers to educate the jurors.2®
Professor Feigenson aligns himself with Daubert and states that the best way to eval uate the merits
of functional neuroimaging evidence is to present competing opinions to argue over the
interpretations and results of the brain scans.2® This, he argues, * 395 would not only encourage
juries to view the testimony critically, but would also alow lega judgments to “be rendered
consistently with the best available scientific knowledge.” 2%’ Scholars aso counter critics concern
about the*“ Christmastree effect” 2 by pointing out that admitti ng functional neuroimaging evidence
would not prevent fact-finders from reaching a guilty verdict if they fed it is deserved,®® aresult

corroborated by numerous cases.2™

[11. Bringing Functional Neuroimaging into the Courtroom: Necessary and Useful
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Brain imaging technologies have progressed rapidly over the past thirty years22 One can only
assume that the technology will continue to progress in the future, likely at a faster rate than
before.22 When it comes to bringing functional neuroimaging into the courtroom, scholars and
judges alike have resisted doing so under Daubert and the federal admissibility standards.22 At the
sametime, forensicindividualization evidenceiscontinually admitted at trial despitesignificant and
egregious scientific failings.2 Only afew courts subject the evidence to proper Daubert hearings,
and even fewer till conduct evidentiary analyses.2® This has resulted in an evidentiary double
standard in federal criminal courts in which the forensic individualization evidence gets a “free
pass’ around Daubert while functiona neuroimaging evidence cannot even leave the starting gate.
This double standard should not be allowed to continue.

Part 111 argues that federal judges should carefully consider admitting functional neuroimaging
evidence when it is offered in criminal trials, *396 especialy in light of the suspect quality of
forensic evidence currently streaming into the courtroom. Admissibility should not be given carte
blanche, however. Proper evidence standards must be maintained. Functional neuroimaging
evidence can be potentially confusing and courts do have the right to control such evidence, but it
should not beexcluded per se. Fully utilizing the adversarial processof our court systemwould help
the judge and the jury aike understand the nature, assumptions, and consequences of functional
neuroimaging evidence.

A. Balancing the Evidence Presented to the Jury

TheNRC'sreport thoroughly documented the dearth of significant or verifiablescience2 underlying
the aptly named “non-science forensic sciences” known as forensic individualization.2 Yet, as
discussed above, there have been few attempts to improve these practices2® Forensic
individualization sciences are still frequently admitted in federal courtrooms, often without
undergoing aDaubert analysis; for those that do conduct a Daubert inquiry, the analysisiscertainly
not a rigorous one.22 The lax admissibility threshold imposed on prosecutors® has led to many
wrongful convictions, some of which havebeen overturned.2 It remainsunclear, however, just how
many convictions premised on faulty or fraudulent forensic evidence are never revisited due to a

lack of DNA or other exculpatory evidence.22

These deplorable consequences of evidence standards gone awry can be partially mitigated by
leveling the evidentiary playing field. Functional neuroimaging evidence could provide defendants
with the opportunity to present afuller defense to the jury. Often unable to testify about their own
mental state, defendants could offer functional neuroimaging evidence as the only source for such

evidence and their only hope for presenting it before ajudge or jury.2

It seems unlikely that judges will ban forensic individualization evidence in the near future,
especially because most judges readily and even blindly admit it without first examining it under
Daubert.2 The NRC report clearly lays out the dangers and wholly inadequate science behind the

widely admitted forensic individualization sciences.2® Hopefully, future litigation will directly
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address the report to help turn the tide of this evidentiary debacle, but any change surely will be
dow. The caselaw demonstratesthejudicia system'slong-running allegiance to the forensic * 397
sciences, however misplaced that allegiance may be.2® As one scholar mused, “We have been
marinated in a culture of faith in the validity of the non-science forensic sciences.” 3 With thisin
mind, Judge Gertner'slament reverberateswith renewed urgency: “[ W] e should requiremore”’ from
our criminal justice system.® The NRC's recommendation for federal oversight and regul ation®®
is not only appropriate; it is necessary. If heeded, it will usher in a marked improvement in the
reliability and validity of forensics.

Contrast forensic evidence'sfreerideinto federal courts, bypassing Daubert, with one scholar's call
for amoratorium on admitting all neuroscience into evidence until aregulatory agency can verify
its reliability according to federal standards.®® Such a moratorium is an unnecessarily drastic
measure, especially considering the scientific validity underlying functional neuroimaging
methodol ogies.2 Absent asimilar ban onforensicindividualization evidence, courtsshould beeven
morewillingto admit functional neuroimaging evidence. Judges should at | east be no more hesitant
to admit functional neuroimaging than they areto admit forensicindividualization evidence. Doing

so would add needed balance to the currently ravaged vista of criminal evidence.

Thisimbalance is compounded by the pro-prosecution biasin evidentiary hearings.2% A defendant
haslittlechance of presenting auseful defenseat trial if judgesemploy an almost knee-jerk response
in rgjecting their challenges to forensic evidence while mostly granting prosecutors motions to
exclude defendants' forensic evidence.22 Providing ajury with functional neuroimaging evidence
would help thejury devel op amore compl ete understanding of the defendant.2 For example, if the
prosecution presentsthejury with particularly incriminating, yet scientifically questionable, forensic
evidence, it would be a disservice to justice to silence the defendant by excluding functional
neuroimaging evidence. Forensic evidence can be used to place the defendant at the scene of the
crime2® and would essentially be the “smoking gun” to a jury--unless the defendant can try to
counterbalance it with evidence that he may not have been able to form the requisite intent, was
unaware of hisactions, or should not be held as accountabl e as someone with no evidence of brain
dysfunction. Perhapsthejury will find that the defendant's aggression was partialy caused by brain
dysfunction, and perhapsnot. Whether thejury * 398 will find such evidence persuasiveisaseparate
issue, and beyond the scope of this Note. The important point is that the evidence should be
presented to thejury. After all, averdict can wholly depend on whether any single piece of evidence
places some amount of doubt in the jury's mind.2®

The critiques raised against functional neuroimaging evidence® apply with just as much
force--perhaps even more--to forensic individualization evidence. Critics argue that no regulations
govern the use and interpretation of functional neuroimaging.22Y et forensic individualization also
lacks standardization and regulations governing its use® Opponents claim that functional
neuroimaging is unreliable because it necessarily involves interpretations based on correlations
rather than direct causation, relying on comparisons drawn from a generalized “normal”

population.*2Y et forensicindividualization restsentirely on probability and drawsextensively from
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the expert's subjective analysis.* Critics also reject functional brain scans for their inability to
represent a defendant’s past mental state accurately, given the dynamic and prohibitively complex
interconnectedness of the brain.*2 However, forensic individualization depends heavily on highly
similar methods of analysis. Forensic experts may analyze physical, unique traits observed on
physical objects,*% but experts usually have access only to samples, which are often incompl ete and
sometimes even temporally dynamic.2* For example, bite marks on the skin change over time.*®
They can be easily distorted by the elasticity of the skin, distribution of force of the bite, variations
in swelling and healing, time, fitness of the victim, and other factors.*® When forensic experts
anayze these marks, they necessarily draw inferential connections similar to those drawn by
functional brain imaging experts, analyzing the measured and collected results and formulating
conclusions drawn from their subjective experiences, observations, and training.*

The analyses of these two types of forensic evidence may involve similar methods, but the validity
of the scientific methodol ogy employed for functional neuroimaging and forensicindividualization
differsgreatly. The NRC report,“® numerous schol ars and commentators,*® and recently even * 399
some courts® have documented the almost complete dearth of scientific support for forensic
individualization. Daubert requiresthat scientific evidencebescientifically reliabletobeadmissible,
but forensic individualization evidence is nothing if not unscientific. Functional neuroimaging, on

the other hand, is based on scientifically sound methodol ogies.®

B. Normative, Not Scientific, | ssues

Not only will functional neuroimaging restorebalanceto the palette of evidenceadmittedin criminal
trials, but it would also properly restore fact-finding duties to the jury.?2 Judges who exclude the
evidence without conducting proper Daubert analyses evaluate the merits and conclusions drawn
fromtheevidence asopposed to the underlying methodol ogies. Daubert specifically prohibitsjudges
from doing just that.22 If the evidence were admitted, jurieswould befreeto useit asthey seefit.24
Experts would testify about the implications of the brain scans and how the scans might help the
jury reach an ultimate conclusion about a defendant's mental state;*2 the expert's testimony,
however, would by no means be dispositive.2® The jury would decide what to do with the evidence
and how much weight to grant it.4* In other words, jurorswoul d decide how to weave thefunctional
neuroimaging evidence into the fabric of the rest of the evidence presented to them--that is, if the
jury decides to consider the evidence at all.

When faced with functional neuroimaging evidence, ajudge should not allow scientific questions
to cloud his gatekeeping duti es.2 Those questions have al ready been answered with ampleresearch
supporting the scientific methodol ogies employed.?2 Even if a court were to reject the supporting
scientific research, the evidence most likely would pass Daubert's requirements for scientific
validity. Thus, judges should view the evidence from a normative or judicial standard, rather than
ascientificone, and let thejury evaluateit. Jurorsarethe arbitersof truth, thefact-finderswho must

determine normative questionsof how to weigh apieceof evidence, and ultimately, of cul pability.2
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Treating the evidence * 400 normatively mitigates concern for misleading the jury because the jury

could simply discard the evidence as unpersuasive.2

Furthermore, litigating partiesshoul d use cross-examination and theadversaria systemtofocusand
clarify theissue for the jury.?2 As Professor Feigenson advocates, juries should be presented with
more, not less, neuroimaging evidence.*2 The Supreme Court has endorsed this jurisprudential
philosophy, both in Daubert and elsewhere, 2 declaring that the adversarial nature of our legal
system is keenly capable of discovering the truth.#2 Thus, courts should consider admitting
neuroimaging evidence not only because it likely passes Daubert's “ science” requirements,2 but
also becauseat trial, both sides can properly present and explain the evidence so it does not mislead

or pregjudice the jury.

In Sandoval-Mendoza,*% the Ninth Circuit placed apremium on admitting functional neuroimaging
evidence so that thejury could reach a reasonable conclusion about the defendant's mental state.*
Viewing the evidence normatively, the court recognized that only the jury could evaluate the
evidence; excluding it therefore constituted reversible error.?2 That the court reversed the
evidentiary decision is significant because the standard of review for evidentiary hearingsis abuse
of discretion.® The reversa was thus a resounding vote of confidence in favor of admitting the
evidenceanditsutility inassistingthejury.%! Ashighlighted by Sandoval-Mendoza, thejury should
not be underestimated, and neither should thejury nor the defendant be denied the possible benefits
of functional neuroimaging evidence per se.

ThisNotedoesnot advocatefor judgesto freely admit functional neuroimaging evidence. But, since

the evidence most likely survives a Daubert analysis*%? and assuming that the evidence is

sufficiently probative,® federal judges should strongly consider admitting it more frequently in
criminal trials. Judges should also strive to ensure that admitted evidence continuesto be reliable,
and if necessary, to regulate the extent of the testimony through procedural methods such as
carefully crafted jury instructions® or directed verdicts.22 Furthermore, agencies* 401 such asthe
Institute of Medicine should establish regulatory boards to govern the research, development, and
application of functional neuroimaging evidence and to supervise the imaging methods. % Doing
so would ensure continued reliability while serving the interests of justice by allowing litigating

parties to introduce relevant and probative evidence.
Conclusion

Courts considering functional neuroimaging evidence have applied an evidentiary double standard.
Charged with gatekeeping dutiesunder Daubert, they are supposed to prevent empirically unreliable
evidence from entering the courtroom. But in federal criminal trials, judges often turn ablind eye
towards unscientific forensic individualization evidence, refusing to analyze it under Daubert.
Instead, it is often inappropriately admitted into evidence because of its pedigree. Functiona
neuroimaging evidence, however, has been met with a more skeptical eye and subjected to
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significantly stricter Daubert standards than itsforensic counterparts. Thishasresulted inanunfair,
and pro-prosecution, evidentiary bias.

Meanwhile, scholars and commentators continue to debate the merits and detriments of functional
neuroimaging evidence. But most critics of functional neuroimaging evidence do not consider the
disparity in evidentiary standards that existsin federal criminal trials. Accordingly, judges should
carefully and fairly examine functiona neuroimaging evidence when offered in federal criminal
trias. It should not be excluded out of hand. Asis frequently the casein criminal trials where this
type of evidence can make a difference, the stakes will be high and the needs will be immediate.
Jurors should be presented with the evidence--all the evidence possible--so that they can determine
how best to weave together the various pieces to create a complete tapestry of evidence.

John Hinckley, Jr. was found not guilty by reason of insanity after his lawyers showed the jury
pictures of his atrophied brain. Was the jury correct in finding him not guilty? Was the verdict
largely due to the pictures of his brain that were displayed to the jury? Those questions remain
unanswered. But now, thirty years later, when both sides have a better understanding of
neuroi maging evidence and can morefully preparefor itsusein court, neither juries nor defendants
should be denied the benefits provided by functional neuroimaging evidence.
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42 Akron L. Rev. 687 (2009) (describing numerous|egal applicationsand implications of the latest
brain imaging technologies); David M. Eagleman, Neuroscience and the Law, Hous. Law.,
Mar.-Apr. 2008, at 37, 37-40 (same); infraPart 1.B.2.

SeeinfraPart I1.A.

See, e.g., Michael S. Pardo, Neuroscience Evidence, Legal Culture, and Criminal Procedure, 33 Am.
J. Crim. L. 301, 337 (2006); Laurence R. Tancredi & Jonathan D. Brodie, The Brain and Behavior:
Limitationsin the Legal Use of Functional M agnetic Resonancelmaging, 33 Am. J.L. & Med. 271,

291-93 (2007).

SeeinfraPart 11.B.

SeeinfraPart 11.B.2.
SeeinfraPart 1.D.4.

See Charles T. McCormick, McCormick on Evidence 339 (John W. Strong ed., abr. 4th ed. 1992)
(describing the threshold for relevant evidence as low and that to be relevant, evidence only needs
to make a determination of the fact in question more or less probable than it would be without the
evidence).

See Daubert v. Merrell Dow Pharm., Inc., 509 U.S. 579, 589 (1993) (“‘ The Rules [of Evidence]
were designed to depend primarily upon lawyer-adversaries and sensible triers of fact to evaluate
conflicts.”” (quoting Jack Weinstein, Rule 702 of the Federal Rules of EvidenceIs Sound; It Should
Not Be Amended, 138 F.R.D. 631, 631 (1991))).

Id.

See Paul S. Appelbaum, The New Lie Detectors. Neuroscience, Deception, and the Courts, 58
Psychiatric Services 460, 461 (2007) (arguing that judges must consider other factorsin addition to
whether neuroscientific evidence passes the Daubert test, specifically, “whether [the evidence] is
likely to help the judge or jury resolve the legal issue in question™).

SeeinfraParts|1.D.1, 1.D.3.
See Jane Campbell Moriarty & Michaedl J. Saks, Forensic Science: Grand Goals, Tragic Flaws, and
Judicial Gatekeeping, 44 Judges J., Fall 2005, at 16, 17, 29 (lamenting that forensic sciences are

notoriously unreliableyet rarely questioned under Daubert standards); infraPart 1.D.4, notes 223-25
and accompanying text.
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This can be called an “evidentiary pedigree.” See infranotes 251-61 and accompanying text.
See infra notes 224, 249-65 and accompanying text.
See infranotes 192, 234-37 and accompanying text.

See United States v. Williams, 583 F.2d 1194, 1200 & n.13 (2d Cir. 1978) (describing jury
instructions, which stated that the forensic evidence presented at trial wasfor the jury's “assistance
only and could be regjected if found unreliable’); United Statesv. Starzecpyzel, 880 F. Supp. 1027,
1049 (S.D.N.Y. 1995) (finding that narrowly tailored jury instructions could adequately address
concernsthat admitting forensic handwriting evidence would unfairly prejudicethejury); Moriarty
& Saks, supranote 17, at 31; Michael J. Saks, Protecting Factfinders from Being Overly Misled,
While Still Admitting Weakly Supported Forensic Scienceinto Evidence, 43 Tulsal . Rev. 609, 625
(2007) (suggesting that the problem of misleading a jury with weak forensic evidence can be
“ameliorated somewhat” by appropriate jury instructions); E. Spencer Compton, Note, Not Guilty
by Reason of Neuroimaging: The Need for Cautionary Jury Instructions for Neuroscience Evidence
in Criminal Trials, 12 Vand. J. Ent. & Tech. L. 333, 347-50 (2010) (arguing that careful jury
instructions should be used when dealing with neuroscience-based evidence).

See Laura Stephens Khoshbin & Shahram Khoshbin, Imaging the Mind, Minding the Image: An
Historical Introduction to Brain Imaging and the Law, 33 Am. J.L. & Med. 171, 190-92 (2007).

Both functional neuroimaging and forensic individualization are types of scientific evidence that
should be subject to identical evidentiary standards. Seeinfranotes 219-22 and accompanying text.

See Starzecpyzel, 880 F. Supp. at 1049 (noting that the jury is fully capable of ignoring unhelpful
evidencein its deliberations, and respecting the jury's ability to do so); see a'so Appelbaum, supra
note 15, at 461 (noting the jury is the ultimate arbiter of the truth).

The MacArthur Foundation Research Network on Law and Neuroscience has compiled, and
continues to update, an exhaustive annotated bibliography of past and current literature on the
subject of neuroscience and the law. See Law and Neuroscience Bibliography, MacArthur
Foundation Research Network on Law & Neuroscience, http://www.lawneuro.org/bibliography.php
(last visited Sept. 21, 2011).

SeeinfraPart 1.D.3-4.

Erin D. Bigler, Introduction to Neuroimaging I: Basic Science 1, 1 (Erin D. Bigler ed., 1996).

Id. at 2.

Page 117 of 166



Id.

Id.; Duane D. Blatter et a., A Normative Database from Magnetic Resonance Imaging, in
Neuroimaging |: Basic Science, supra note 27, at 79 (“Without controversy, magnetic resonance
(MR) imaging achieves exquisite approximation of gross anatomy.”).

See Bigler, supra note 27, a 2. As opposed to structural brain imaging, functional brain imaging
allows neuroscientists to “peer inside” the living, working brain to detect specific patterns of brain
activation. Doing so provides insight into how the brain operates. See Andrew C. Papanicolaou,
Fundamentals of Functional Brain Imaging: A Guide to the Methods and Their Applications to
Psychology and Behavioral Neuroscience 5 (1998). This Note briefly reviews these technologiesin
Part 1.B.1.

Proclamation No. 6158, 55 Fed. Reg. 29,553 (July 20, 1990).

SeePurvak Patel et d., The Roleof Imaging in United States Courtrooms, 17 Neuroimaging Clinics
N. Am. 557, 557 (2007).

See Lewis Barker, Biological Psychology, in 2 21st Century Psychology: A Reference Handbook
114, 114 (Stephen F. Davis & William Buskist eds., 2008); Doctors Say Pedophile Lost Urge After
Brain Tumor Removed, USA Today (July 28, 2003, 6:46 AM),
http://www.usatoday.com/news/heal th/2003-07-28-pedophile-tumor_x.htm.

Greely, supranote 6, at 700.

Sandra Aamodt & Sam Wang, Welcometo Y our Brain: Why You Lose Y our Car Keys but Never
Forget How to Drive and Other Puzzles of Everyday Life 174 (2008).

USA Today, supra note 34. The frontal lobe is known to regulate impulsive behavior. Damage to
the prefrontal cortex is associated with disinhibition, antisocial behavior, and greater proclivity to
break thelaw. See Robert M. Sapolsky, The Frontal Cortex and the Criminal Justice System, in Law
& the Brain 227, 233-34, 237-38 (Semir Zeki & Oliver Goodenough eds., 2006); Liane Y oung et
al., Damageto Ventromedial Prefrontal Cortex ImpairsJudgment of Harmful Intent, 65 Neuron 845,
845 (2010).
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Greely, supranote 6, at 701; USA Today, supra note 34.

USA Today, supranote 34.

Greely, supranote 6, at 701.

USA Today, supranote 34.

Id. Many other case studies describe how frontal lobe damage severely impacted an individua's
behavior. See, e.g., Joseph H. Baskin et al., Is a Picture Worth a Thousand Words? Neuroimaging

in the Courtroom, 33 Am. J.L. & Med. 239, 250-63 (2007); O.Carter Snead, Neuroimaging and the
“Complexity” of Capital Punishment, 82 N.Y.U. L. Rev. 1265, 1295-96 (2007).

Barker, supranote 34, at 114.

See Gredly, supranote 6, at 701. In Virginia, making sexua advancestoward a minor isafelony,
asispossession of child pornography. Va. Code Ann. 8§18.2-370(A) (2010) (sexual advancestoward
minors); 8 18.2-374.1:1(A) (possession of child pornography).

SeeYadingYangetd., Bran Abnormalitiesin Antisocial Individuals: Implicationsfor the Law, 26
Behav. Sci. & L. 65, 74 (2008) (“[ T]he causal relationship between structural/functional deficitsand
antisocial behavior remains unclear.”).

See, e.g., Sapolsky, supranote 40, at 239 (“What the literature about the [prefrontal cortex] shows
isthat there is areductive, materialistic neurobiology to the containment, resulting in the potential
for volitional control to be impaired just as unambiguously as any other aspect of brain function. It
is possible to know the difference between right and wrong but, for reasons of organic impairment,
to not be able to do the right thing.”).

See, eg., Young et a., supra note 40, at 845-46 (finding that patients with lesions in their
ventromedial prefrontal cortex--understood to be an essential moral-processing center in the
brain--have difficulty delivering norma moral judgments and instead view attempted harms as
morally permissible); see also Fairchild v. Workman, 579 F.3d 1134, 1150-51 (10th Cir. 2009)
(suggesting that if the defendant's lawyer had presented the jury with evidence of physical brain
damage as a partial explanation for the defendant's crime, it “could have provided an important
explanation for the jury”).

See Gredly, supra note 6, at 701 (suggesting that a brain tumor may be considered an “externa
cause” even though it isinside one's skull).
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Michael S. Gazzaniga, What |s Cognitive Neuroscience?, in A Judge's Guide to Neuroscience: A
Concise Introduction 2, 2 (Andrew S. Mansfield ed., 2010) [hereinafter A Judge's Guide].

Id. at 3.

See Teneille Brown & Emily Murphy, Through a Scanner Darkly: Functional Neuroimaging as
Evidence of a Criminal Defendant's Past Mental States, 62 Stan. L. Rev. 1119, 1127-28 (2010).

SeeMichael S. Gazzaniga, The Ethical Brain 87-102 (2005); LydiaD. Johnson, Guilty or Innocent?
... Just Take a Look at My Brain--Analyzing the Nexus Between Traumatic Brain Injury and
Criminal Responsibility, 37 S.U. L. Rev. 25, 30-32 (2009); Stephen J. Morse, Mora and Lega
Responsibility and the New Neuroscience, in Neuroethics: Defining the Issuesin Theory, Practice,
and Policy 33, 33-34 (Judy llles ed., 2006) [hereinafter Neuroethics]; infra notes 298-305 and
accompanying text.

Seg, e.g., Fulksv. United States, No. 4:02-992, 2010 WL 3069390, at *16 (D. S.C. Aug. 3, 2010)
(quoting a neuroscientist who testified that abnormalities in both brain structure and function
“explain alot of the behaviors, and the cognitive and emotional deficits’ of the defendant).

Seegenerally Law, Mind and Brain (Michael Freeman & Oliver R. Goodenough eds., 2009); Oliver
R. Goodenough & Micaela Tucker, Law and Cognitive Neuroscience, 6 Ann. Rev. L. Soc. Sci. 61
(2010); Read Montague, How |Is Neuroscience Likely to Impact Law in the Near Future?, in A
Judge's Guide, supranote 52, 60, 60-65; AdinaRoskies, How Is Neuroscience Likely to Impact the
Law in the Long Run?, in A Judge's Guide, supranote 52, at 66, 66-70.

See Papanicolaou, supra note 31, at xi-xii.
Snead, supranote 45, at 1285.

See Papanicolaou, supra note 31, at 5.
Seeid. at 4-6.

Owen D. Jones et al., Brain Imaging for Legal Thinkers: A Guide for the Perplexed, 2009 Stan.
Tech. L. Rev. 5, P18.

Donald Reeves et d., Limitations of Brain Imaging in Forensic Psychiatry, 31 J. Am. Acad.
Psychiatry L. 89, 90 (2003) (“ Statistical maps of brain activity are acommon and popular way to
illustrate how an individual brain compareswith an average brain. A statistical map isaprobability
function compared with a defined norm. In brain imaging, the norm is obtained by pooling and
averaging the brain images of normal people.” (citation omitted)).
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See Papanicolaou, supra note 31, at 6-9.
Id.; Brown & Murphy, supra note 54, at 1136 n.63.

Brown & Murphy, supra note 54, at 1136 n.63; Jones et a., supra note 62, P 34. By convention,
brighter colors are used to depict differencesin activity that are more statistically significant.

Jones et a., supra note 62, P13.

Papani colaou, supranote 31, at 66 (describing PET scans); Brown & Murphy, supranote54, at 1136
(describing PET and SPECT as older scan methods).

Pananicolaou, supra note 31, at 67. Areas of the brain that are used more intensely have higher
metabolic rates. Id.

Brown & Murphy, supra note 54, at 1136.

Jane Campbell Moriarty, Flickering Admissibility: Neuroimaging Evidence in the U.S. Courts, 26
Behav. Sci. & L. 29, 31-32 (2008).

Noel Shafi, Neuroscience and the Law: The Evidentiary Vaue of Brain Imaging, 11 Graduate
Student J. Psychol. 27, 34 (2009).

Moriarty, supranote 71, at 32.

Mark Pettit, Jr., FMRI and BF Meet FRE: Brain Imaging and the Federal Rules of Evidence, 33 Am.
J.L.& Med. 319, 320 (2007).

See Snead, supranote 45, at 1284.

Id.

Brown & Murphy, supra note 54, at 1136.
Id. at 1137.

Id. at 1136-37.

Scott T. Grafton, Has Neuroscience Already Appearedinthe Courtroom?, in A Judge's Guide, supra
note 52, at 54, 55.
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Id.

Id.

Snead, supranote 45, at 1284.

Papani colaou, supra note 31, at 47-49.

Id.; John C. Gore, Principles and Practice of Functional MRI of the Human Brain, 112 J. Clinical
Investigation 4, 4-5 (2003).

Technically speaking, level s of oxygenated hemoglobinintheblood in specific brain areas decrease
compared to the level s of deoxygenated hemoglobin in the same area. Papanicolaou, supranote 31,
at 48; Snead, supranote 45, at 1285.

See supra note 33 and accompanying text (describing medical and research uses of MRI).

See Brown & Murphy, supranote 54, at 1127-28; Marcus Raichlie, What Isan fMRI?, in A Judge's
Guide, supra note 52, at 5, 6 (“A recent check on the number of scientific publications in which
fMRI ... imaging was used reveaed over twelve thousand publications since its introduction in
1992.").

Neal Feigenson, Brain Imaging and Courtroom Evidence: On the Admissibility and Persuasiveness
of fMRI, in Law, Mind and Brain, supra note 57, at 23, 24; Snead, supra note 45, at 1284.

Henry T. Gredly & Judy Illes, Neuroscience-Based Lie Detection: The Urgent Need for Regulation,
33Am. J.L. & Med. 377, 382 (2007).

Judy Illes & Eric Racine, Imaging or Imagining? A Neuroethics Challenge Informed by Genetics,
Am. J. Bioethics, Mar.-Apr. 2005, at 5, 7; Snead, supra note 45, at 1286.

Powerful new tools of statistical analysis are now being applied to fMRIs, yielding an ever-deeper
understanding of the human brain. Additionally, recent techniques have combined both EEG and
fMRI to produce an even more accurate imaging technology. Annabelle Belcher & Walter
Sinnott-Armstrong, Neurolaw, 1 Wires Cognitive Sci. 18, 18, 21 (2010).

Snead, supranote 45, at 1285-86.

Id.; cf. supranote 75 and accompanying text (describing danger of repeated PET and SPECT scans).
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101

102

103
104

105

Interview with Dr. Lawrence Farwell: Frequently Asked Questions About Brain Fingerprinting
Testing, Brain Fingerprinting Laboratories, http:// brainwavesci ence.com/FregA skedQuestions.php
(last visited Sept. 21, 2011).

Brain Fingerprinting Laboratories: Scientific Procedure, Research, and Applications, Brain
Fingerprinting Laboratories, http:// brainwavescience.com/TechnologyOverview.php (last visited
Sept. 21, 2011).

Id.

Id.

See Harrington v. State, 659 N.W.2d 509, 512 (lowa 2003); Slaughter v. State, 2005 OK CR 6, 108
P.3d 1052, 1054 (Okla. Crim. App.).

Compare Greely & llles, supra note 90, at 387-88 (documenting the shortcomings of brain
fingerprinting and how it should not be used for lie detection in courts), with Judy C. Barillare,
Comment, As Its Next Witness, the State Calls ... the Defendant: Brain Fingerprinting As
“Testimonia” Under the Fifth Amendment, 79 Temp. L. Rev. 971, 1003-04 (2006) (arguing that BF
may have some pitfals, but it has the potential to be an effectivetool in ensuring justicein certain
circumstances).

Seegenerally Jane Campbel | Moriarty, Visionsof Deception: Neuroimagesand the Searchfor Truth,
42 Akron L. Rev. 739 (2009) (arguing that fMRI-based lie detection is currently insufficiently
reliable to be used in court); infranote 115.

Anand Giridharadas, India's Novel Use of Brain Scansin CourtsIs Debated, N.Y. Times, Sept. 15,
2008, at A10.

Id.
Johnson, supra note 55, at 34-35.

Id.
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106

107

108

109

110

111

112

113

114

SeeEricaBeecher-Monas& Edgar Garcia-Rill, TheLaw and the Brain: Judging Scientific Evidence
of Intent, 1 J. App. Prac. & Process 243, 268 (1999) (citing studies); Yang et al., supranote 48, at
74. See generadly Adrian Raine & Yalin Yang, The Neuroanatomical Bases of Psychopathy: A
Review of Brain Imaging Findings, in Handbook of Psychopathy 278, 278 (Christopher J. Patrick
ed., 2006) (finding functional brain abnormalitiesin psychopathicindividuals); Sapolsky, supranote
40, at 236-38; John Matthew Fabian, Neuropsychological and Neurological Correlatesin Violent
and Homicidal Offenders: A Legal and Neuroscience Perspective, 15 Aggression & Violent Behav.
209 (2010); Young et a., supra note 40.

See, e.g., United Statesv. Williams, No. CR 06-00079, 2009 WL 424583, at *5-6, 12 (D. Haw. Feb.
20, 2009) (suggesting that fMRI and EEG could provide, and possibly with sufficient reliability,
evidence of adefendant'sinability to form requisite intent). See generally Brown & Murphy, supra
note 54.

See Floyd E. Bloom, Does Neuroscience Give Us New Insightsinto Drug Addiction?in A Judge's
Guide, supra note 52, at 42, 42-45 (suggesting that functional neuroimaging will help scientists
understand addiction, which will likely effect changesin both law and policy regarding addiction).

Adrian Raine, From Genesto Brainto Antisocia Behavior, 17 Current Directions Psychol. Sci. 323,
327 (2008) (suggesting that criminals with brain dysfunction should not be held criminally
responsible for their actions).

United States v. Kasim, No. 2:07 CR 56, 2008 WL 4822291, at *19-20 (N.D. Ind. Nov. 3, 2008)
(using SPECT scan to determine competency to stand trial), supplemented by 2010 WL 339084
(N.D. Ind. Jan. 21, 2010).

United States v. Gigante, 996 F. Supp. 194, 229, 237-38 (E.D.N.Y. 1998) (admitting PET scan to
show defendant's competency to be sentenced, but ultimately finding it unpersuasive).

See, e.g., Roskies, supra note 57, at 67 (“Privacy law is apt to become important with respect to
thesetechnologies.”); Stacey A. Tovino, The Confidentiality and Privacy Implications of Functional
Magnetic Resonance Imaging, 33 J.L.. Med. & Ethics 844 (2005).

See, e.g., Eagleman, supra note 6, at 39; Henry T. Greely, Prediction, Litigation, Privacy, and
Property: Some Possible Legal and Social Implications of Advances in Neuroscience, in
Neuroscience and the Law: Brain, Mind and the Scales of Justice 114, 137-38 (Brent Garland ed.,
2004) [hereinafter Neuroscience and the Law].

Henry T. Greely, The Social Effects of Advances in Neuroscience: Legal Problems, Legal
Perspectives, in Neuroethics, supra note 55, at 245, 246-50.
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115

116

117

Seegeneraly EmilioBizzi et al., Using Imaging to Identify Deceit: Scientific and Ethical Questions
(2009) (discussing implications of neurological-based lie detection); Sarah E. Stoller & Paul Root
Wolpe, Emerging Neurotechnologies for Lie Detection and the Fifth Amendment, 33 Am. J.L. &
Med. 359 (2007) (discussing constitutional concernsof brain-based lie detection); Leo Kittay, Note,
Admissibility of fMRI Lie Detection: The Cultural Bias Against “Mind Reading” Devices, 72
Brook. L. Rev. 1351 (2007) (arguing that neurol ogical lie detection should be admitted asevidence).

See, e.g., Truck Ins. Exch. v. MagneTek, Inc., 360 F.3d 1206, 1209 (10th Cir. 2004) (identifying the
“Daubert trilogy”).

509 U.S. 579 (1993).

118

293 F. 1013 (D.C. Cir. 1927).

119

Daubert, 509 U.S. at 584-85, 587. Although Rule 702 became the federal standard, the states have

120

disagreed regarding the proper standard to apply. Most adopted Daubert or asimilar standard, but
aminority of states and the District of Columbia continue to use the Frye test. A few states have
combined the Daubert and Frye tests, and still others have created their own tests entirely. See
Brown & Murphy, supra note 54, at 1176; Maxine D. Goodman, A Hedgehog on the Witness
Stand--What's the Big Idea? The Challenges of Using Daubert to Assess Social Science and
Nonscientific Testimony, 59 Am. U. L. Rev. 635, 644 n.36 (citing sources that illustrate
jurisdictional differencesin standards for expert testimony, and listing states that still use the Frye
test); Patel et a., supranote 33, at 560-61.

Daubert, 509 U.S. at 589.

121

Id. at 593; seealso Margaret A. Berger, The Supreme Court's Trilogy on the Admissibility of Expert

122

Testimony, in Reference Manual on Scientific Evidence 9, 11-12 (Fed. Judicia Ctr., 2d ed. 2000).

Daubert, 509 U.S. at 594.

123

Id. at 589 & n.7.

124

Id. at 590 n.9.

125

Id. at 595.
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126

127

128
129

130

131

132
133
134

135

136
137
138

139

Id. at 593. Thisisan important factor to determine whether evidenceis scientifically valid because
testing and criticismispart of scientificinquiry, whichleadstofurther scientific progress. See David
Goodstein, How Science Works, in Reference Manual on Scientific Evidence, supranote 121, at 67,
70 (*[ S]cience makes progress uniquely by proving that good ideas are wrong so that they can be
replaced by even better ideas.”).

Daubert, 509 U.S. at 593. However, the Court was keen to emphasize that “[p]ublication ... is hot
a sine qua non of admissibility; it does not necessarily correlate with reliability ... and in some
instances well-grounded but innovative theories will not have been published.” 1d.

Id. at 594.
Id.

Id.; Berger, supranote 121, at 12-13 (“[ G]eneral acceptance of the methodol ogy withinthe scientific
community is no longer dispositive ....").

Daubert, 509 U.S. at 593-94. Additional guidelinesare mentioned in the advisory committee'snotes
to Rule 702. See Fed. R. Evid. 702 advisory committee's notes.

Daubert, 509 U.S. at 595.

Id.
Id. at 596.
Id.; seealso Pettit, Jr., supranote 74, at 325. The Court al so mentioned that judges canissuedirected

verdicts or grant summary judgment as “ conventional devices’ of the courtroom to protect against
the intrusion and preponderance of “pseudoscientific” science. Daubert, 509 U.S. at 595.

522 U.S. 136 (1997).

Id. at 139.
Id. at 150 (Breyer, J., concurring).

Id. at 149-50; see Fed. R. Evid. 706. However, judges have been reluctant to appoint such experts.
See, e.g., Assn of Mex.-Am. Educators v. California, 231 F.3d 572, 590, 612-14 (9th Cir. 2000)
(Tashima, J., dissenting) (noting that court-appointed experts are appropriate in “rare” cases, and
thereisfear they could take away from the role of the judge or jury).
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140

526 U.S. 137 (1999).

141

Id. at 141.

142

Id. at 146.

143

Id. at 141.

144

145

See Berger, supranote 121, at 18.

Kumho Tire, 526 U.S. at 150-51; see dso Daubert v. Merrell Dow Pharm., Inc., 509 U.S. 579,

146

147

593-94 (1993).

See Berger, supranote 121 at 19.

Daubert, 509 U.S. at 593-94.

148

Id. at 592-93, 595.

149

Gen. Electric Co. v. Joiner, 522 U.S. 136, 150 (1997) (Breyer, J., concurring). See generally Sheila

150

Jasanoff, Hidden Experts. Judging Science After Daubert, in Trying Times. Science and
Responsibilities After Daubert 30, 30 (Vivian Well ed., 2001).

Kumho Tire, 526 U.S. at 152.

151

Id. at 142 (citing Joiner, 522 U.S. at 143).

152

153

See Pettit, Jr., supra note 74, at 323 (“[B]rain-imaging evidence seems necessarily to entail
presentation by expert witnesses ....").

Fed. R. Evid. 702.

14

Fed. R. Evid. 702 advisory committee's notes.

155

156

Christopher B. Mueller et a., Evidence: Practice Under the Rules 719 (3d ed. 2009).

Fed. R. Evid. 702.

157

Fed. R. Evid. 403.
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18

139

160

161
162
163
164
165

166

167

168
169

170

17

KennethR. Foster & Peter W. Huber, Judging Science: Scientific KnowledgeandtheFederal Courts
209, 250 (1997).

See, eg., United States v. Pohlot, 827 F.2d 889 (3d Cir. 1987) (finding evidence of brain
abnormality to bereliable and relevant but excluding it because of its potential to mislead thejury);
United Statesv. Mezvinsky, 206 F. Supp. 2d 661, 674-77 (E.D. Pa. 2002) (denying proffered PET
scans due to their potential to mislead the jury).

SeeinfraPart I1.A.4 (presenting arguments that functional neuroimaging should be excluded under
Rule 403). But see infra Part 11.B.5 (presenting counterarguments).

Fed. R. Evid. 704.

Id.

Fed. R. Evid. 702.

Fed. R. Evid. 704 advisory committee's notes.

Id.

Comm. on Identifying the Needs of the Forensic Scis. Cmty., Nat'l Research Council, Strengthening
Forensic Sciences in the United States: A Path Forward 11 (2009) [hereinafter NRC Report]
(describing inconsistency among federal courts in applying, misapplying, or not applying Daubert
in criminal cases).

See Edward K. Cheng & Albert H. Yoon, Does Frye or Daubert Matter? A Study of Scientific
Admissibility Standards, 91 Va. L. Rev. 471, 478-79 (2005).

See, e.g., NRC Report, supranote 166, at 11; Cheng & Y oon, supranote 167, at 479 n.25.
NRC Report, supranote 166, at 11.

See Mudller, supranote 155, at 716. A defendant'sright to atrial by jury isan underlying principle
of our criminal justice system. See U.S. Const. amend. V1.

See Daubert v. Merrell Dow Pharm., Inc., 509 U.S. 579, 595 (1993) (“ The focus, of course, must
be solely on principlesand methodol ogy, not on the conclusionsthat they generate.”); Smithv. Ford
Motor Co., 215 F.3d 713, 719 (7th Cir. 2000) (“It isnot the trial court's role to decide whether an
expert's opinion is correct. The trial court is limited to determining whether expert testimony is
pertinent to an issuein the case and whether the methodol ogy underlying that testimony issound.”).
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172

173

174

175

176
177
178
179

180

181

182

See Ford Motor Co., 215 F.3d at 719.

See Daubert, 509 U.S. at 594-95. Failure to focus solely on how the expert arrived at his or her
conclusions can constitute reversible error. See, e.g., Deputy v. Lehman Bros., 345 F.3d 494, 508
(7th Cir. 2003) (finding that the district court incorrectly excluded expert testimony for reasons
relevant to valuing the testimony rather than questioning its method of analysis).

See supranotes 166-69 and accompanying text (discussing the confusion and disparity in applying
Daubert).

See, e.g., United States v. Ochoa-Ramirez, 386 F. App'x 641, 642 (9th Cir. 2010) (admitting
prejudicia evidence because it had probative value and its prejudicia effect was mitigated by
limiting jury instructions); United States v. McRae, 593 F.2d 700, 707 (5th Cir. 1979) (“Relevant
evidenceisinherently prgudicial; butitisonly unfair prejudice, substantially outweighing probative
value, which permitsexclusion of relevant matter under Rule 403.”); United Statesv. Starzecpyzel,
880 F. Supp. 1027, 1029 (S.D.N.Y. 1995) (describing the same).

Daniel J. Capra, Exclusion and Admissibility Under Rule 403, 212 N.Y. L.J. 3, 3 (1994).

880 F. Supp. 1027 (S.D.N.Y. 1995).

Id. at 1029.
Id. at 1049.

The court mitigated the prejudicial effect of the evidence by giving thejury specific instructions not
to grant the testimony more weight than was appropriate, and the court noted that it could also
restrict the degree of certainty with which the expert testifies. 1d. at 1049-50.

Id. at 1049 (quoting 3 Jack B. Weinstein & Margaret A. Berger, Weinstein's Evidence § 702[03],
at 702-03 (1989)); see dso United Statesv. Mitchell, 365 F.3d 215, 245 (3d Cir. 2004) (“‘[A] party
confronted with an adverse expert witness who has sufficient, though perhaps not overwhelming,
facts and assumptions as the basisfor his opinion can highlight those weaknesses through effective
cross-examination.”” (quoting Stecyk v. Bell Helicopter Textron, Inc., 295 F.3d 408, 414 (3d Cir.

2002))).

See supra notes 134-35 and accompanying text.
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183

184

185

186

187
188

189

190

Whitev. lllinois, 502 U.S. 346, 356 (1992) (quoting Californiav. Green, 399 U.S. 149, 158 (1970));
see adso Melendez-Diaz v. Massachusetts, 129 S. Ct. 2527, 2536 (2009) (recognizing that
cross-examination is a constitutionally guaranteed method of testing the reliability of forensic
evidence).

PatriciaM. Ayd & MerleM. Troeger, Are Jurors Smart Enough to Understand Scientific Evidence?,
in Expert Witnessing: Explaining and Understanding Science 38 (Carl Meyer ed., 1999); see adso
Richard D. Friedman, Squeezing Daubert Out of the Picture, 33 Seton Hall L. Rev. 1047, 1061-64
(2003) (arguing that jurors would not be unfairly prejudiced or misled by such evidence and should
be presented with the evidence because they still effectively serve as finders of fact).

See, e.g., Christopher Slobogin, Proving the Unprovable: TheRoleof Law, Science, and Speculation
in Adjudicating Culpability and Dangerousness 139-43 (2007) (describing Daubert's potential
damage to the criminal justice system); Friedman, supra note 184, at 1047 (describing how the
admissibility model created by the Daubert trilogy “is not auseful one”); Jasanoff, supranote 149,
at 30-31; see also Andrew Jurs, Judicial Analysis of Complex & Cutting-Edge Science in the
Daubert Era: Epidemiologic Risk Assessment as a Test Case for Reform Strategies, 42 Conn. L.
Rev. 49, 52, 69-84 (2009) (identifying multiple weaknesses displayed by courts when applying
Daubert).

Jasanoff, supranote 149, at 44; seeaso id. at 45 (“[D]espite Daubert's suggestions to the contrary,
thereareno universally applicablerulesfor evaluating scientific validity in all litigation contexts.”);
see also Friedman, supra note 184, at 1047-48 (remarking how the Daubert admissibility standard
is both insufficient and inappropriately applied because trial courts are ill suited to sort the good
from the bad, and it misdirects the appropriate focus for a useful evidentiary standard).

Jasanoff, supra note 149, at 44.

Id.

Gen. Electric Co. v. Joiner, 522 U.S. 136, 153 & n.6 (1997); see also Amorgianos v. Nat'l R.R.
Passenger Corp., 303 F.3d 256, 267 (2d Cir. 2002) (“ Theflexible Daubert inquiry ... [helps] ensure

that the courtroom door remai nsclosed tojunk sciencewhileadmitting reliabl e expert testimony that
will assist the trier of fact.”).

See supra notes 126-31 and accompanying text (summarizing the judge's gatekeeping role).
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192

193

194

195

196

197

See, e.g., Paul C. Gianndlli, The Supreme Court's* Criminal” Daubert Cases, 33 Seton Hall L. Rev.
1071, 1072, 1073 n.12 (noting the difference in admissibility standards between civil and criminal
cases and how experts offered by the prosecution have been “largely insulated from any changein
pre-Daubert standards’); see also Jane Campbell Moriarty, Daubert, Innocence, and the Future of
Forensic Science, 43 Tulsa L. Rev. 229, 229-30 (2007) (listing scholars who discuss how judges
have been lax in their gatekeeping role).

See David L. Faigman et a., Modern Scientific Evidence: The Law and Science of Expert
Testimony § 1:35 (2009-2010 ed.); NRC Report, supranote 166, at 11 (“[T]he vast majority of the
reported opinions in crimina cases indicate that trial judges rarely exclude or restrict expert
testimony offered by prosecutors; most reported opinionsal so indicate that appellate courtsroutinely
deny appeas contesting trial court decisions admitting forensic evidence against crimina
defendants.”); see aso Giannelli, supranote 191, at 1111.

NRC Report, supra note 166, at 53. Despite the fact that these problems were first acknowledged
almost twenty years ago, little has been done to change the frequency of their courtroom use. See
Michael J. Saks & Jonathan J. Koehler, What DNA *Fingerprinting” Can Teach the Law About the
Rest of Forensic Science, 13 Cardozo L. Rev. 361, 372 (1991) (noting that forensic scientists need
to “subject their claimsto methodol ogically rigorousempirical tests’ that should then be* published
and debated,” but until such steps are taken, their claims should be “regarded with far more caution
thanthey traditionally havebeen”); cf. infranotes 224-25 and accompanying text (citing caseswhere
forensic science continues to be used in the courtroom without much attention paid to scientific
reliability).

See, e.g., Egev. Yukins, 380 F. Supp. 2d 852, 871 (E.D. Mich. 2005) (finding bitemark evidence
“unreliable and not worthy of consideration by ajury”), aff'd in part, rev'd in part on other grounds,
485 F.3d 364 (6th Cir. 2007); United States v. Hidalgo, 229 F. Supp. 2d 961, 967 (D. Ariz. 2002)
(finding that handwriting analysisfailsto pass Daubert); United Statesv. Llera Plaza, 188 F. Supp.
2d 549, 558, 576 (E.D. Pa. 2002) (excluding and then admitting fingerprint evidence, finding it
sufficiently reliable under Daubert only when subject to “careful trial court oversight”); United
States v. Saelee, 162 F.Supp. 2d 1097, 1103, 1105-06 (D. Alaska 2001) (finding that handwriting
analysisfailsto pass Daubert); see also Deputy v. Lehman Bros., 345 F.3d 494, 509 (7th Cir. 2003)
(noting disparity in admissibility of handwriting analysis between circuit courts and district courts).

See supra notes 106-15 and accompanying text.

Moriarty & Saks, supranote17, at 17. ThisNotefocuseson forensicindividualization and compares
it to functional brain scans.

See Faigman et al., supranote 192, 830:19; Moriarty & Saks, supranote 17, at 17.
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199

200

201
202
203

204

205

206

207

See, e.g., Melendez-Diaz v. Massachusetts, 129 S. Ct. 2527, 2530-31 (2009) (describing forensic
identification of cocaine); United Statesv. Rivera-Rodriguez, 617 F.3d 581, 599, 607 (1st Cir. 2010)
(reviewing forensic analyst's description of crack cocaine), cert. denied, 131 S. Ct. 968 (2011).

NRC Report, supra note 166, at 135; Moriarty & Saks, supranote 17, at 17.

Moriarty & Saks, supranote 17, at 17. Asarecent student note points out, “[t]he American criminal
justice system is no stranger to forensic falsification.” Kristen Bolden, Note, DNA Fabrication, A
Wake Up Call: The Need to Reevaluate the Admissibility and Reliability of DNA Evidence, 27 Ga.
St U. L. Rev. 409, 417 (2011).

NRC Report, supra note 166, at 7.
Moriarty & Saks, supranote 17, at 17; see also Faigman et al., supra note 192, 830:109.
Moriarty & Saks, supranote 17, at 18.

Id. Forensic individualization experts use similar methods to identify a specific subpopulation of
people who share the unique trait. Id.

Id. at 18-19.

Michael J. Saks, Explaining the Tension Between the Supreme Court's Embrace of Validity asthe
Touchstoneof Admissibility of Expert Testimony and Lower Court's (Seeming) Rejection of Same,
5 Episteme 329, 331 (2008).

See, e.g., NRC Report, supra note 166, at 141-43 (stating that fingerprint experts often testify in
objective terms such as “absolute certainty” or “zero error rates,” assertions that are “not
scientifically plausible” and “[c]learly ... unredistic’); Moriarty & Saks, supra note 17, at 20
(describing same); see also Duncan v. Ornoski, 528 F.3d 1222, 1237 (9th Cir. 2008) (recounting
fingerprint expert's testimony and court's reliance thereon that fingerprints “can be ascribed to a
specific individual with certainty”), aff'd, 286 F. App'x 361 (9th Cir. 2008); United Statesv. Hall,
905 F.2d 959, 963 (6th Cir. 1990) (Kennedy, J., concurring) (quoting handwriting expert'stestimony
that was** virtually certain that [the defendant] wroteit”’); United Statesv. Hugh, No. 03-829, 2009
WL 212420, at *2 (E.D. Pa. Jan. 28, 2009) (mentioning a fingerprint expert's clam of an “exact
match”); United States v. Green, 405 F. Supp. 2d 104, 107 (D. Mass. 2005) (describing officer's
testimony that he could match shell casingsto the weapon from which it wasfired “to the exclusion
of every other firearm intheworld”); United Statesv. Havvard, 117 F. Supp. 2d 848, 854 (S.D. Ind.
2000) (* The government claimsthe error ratefor the [fingerprint] method iszero.”), aff'd, 260 F.3d
597 (7th Cir. 2001). However, someforensic expertsdo testify to a“ reasonable degree”’ of scientific
or technical certainty. See, e.g., Norwood v. Artis, 487 F. Supp. 2d 321, 326 (W.D.N.Y. 2007).
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211
212

213

214

215

216

405 F. Supp. 2d 104, 107 (D. Mass. 2005).

Id.
Id.
Id. at 109.
Id. at 108.

Id. a 124. While the ballistics expert was alowed to testify, Judge Nancy Gertner's ruling is
significant because it is one of the few instances where a court recognized the failings associated
with forensic science and took corrective measures. Seeinfranote 274 (citing other cases that took
similar measures).

Moriarty & Saks, supranote 17, at 18; Saks, supra note 206, at 329-30.

Saks, supranote 206, at 330. Even DNA analysis, the “gold standard” of modern forensic evidence,
isnot without itsown analytical deficiencies. A recent study has shown that even DNA samplescan
be fabricated and more rigorous verification methods are necessary. See Dan Frumkin et a.,
Authentication of Forensic DNA Samples, 4 Forensic Sci. Int'l: Genetics 95 (2010); seeaso NRC
Report, supranote 166, at 130-33. Seegenerally Natasha Gilbert, DNA'sIdentity Crisis, 464 Nature
347 (2010) (questioning thereliability of DNA evidence from ever-smaller human traces); Bolden,
supranote 200 (describing deficienciesin DNA analysisand the need to reevaluateitsusein court).

SeeFaigman et d., supranote 192, 830:2; Moriarty & Saks, supranote 17, at 17; supranotes 143-44

and accompanying text. Forensi cindividualization scienceswoul d a so be subject to Rules403, 704,
and others.
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218

219

220

See, e.g., NRC Report, supranote 166, at 14-18; CraigM. Cooley & Gabriel S. Oberfield, Increasing
Forensic Evidence's Reliability and Minimizing Wrongful Convictions. Applying Daubert Isn't the
Only Problem, 43 Tulsa L. Rev. 285, 292-94 (2007); Michael J. Saks & Jonathan J. Koehler, The
Individualization Fallacy in Forensic Science Evidence, 61 Vand. L. Rev. 199, 203-07 (2008). See
generally Mara L. Merlino et al., Meeting the Challenges of the Daubert Trilogy: Refining and
Redefining the Reliability of Forensic Evidence, 43 TulsaL. Rev. 417 (2007); Jennifer L. Mnookin,
Of Black Boxes, Instruments, and Experts. TestingtheValidity of Forensic Science, 5 Episteme 343
(2008); Moriarty & Saks, supra note 17; D. Michael Risinger et a., Exorcism of Ignorance as a
Proxy for Rational Knowledge: The L essons of Handwriting Identification * Expertise,” 137 U. Pa.
L. Rev. 731 (1989); Michadl J. Saks, The Legal and Scientific Evaluation of Forensic Science
(Especidly Fingerprint Expert Testimony), 33 Seton Hall L. Rev. 1167 (2003); Adina Schwartz,
Firearms and Toolmark Identification Cannot Be Made to a Reasonable Degree of Certainty,
Champion Mag., Nov.-Dec. 2008, at 44.

See, e.g., NRC Report, supranote 166, at 108-09 (“‘[ T]he undeniablereality is that the community
of forensic science professionals has not done nearly as much as it reasonably could have done to
establish either the validity of its approach or the accuracy of its practitioners conclusions,” and the
courtshavebeen* utterly ineffective’ inaddressingthisproblem.” (quoting Jennifer L. Mnookin, The
Vaidity of Latent Fingerprint Identification: Confessions of a Fingerprinting Moderate, 7 L.
Probability & Risk 127, 139 (2008)); see also Saks, supranote 206, at 329, 330-31 (“*[In] [a]ll the
areas of forensic [identification] science ... little rigorous, systematic research has been done to
validate the discipline's basic premises and techniques, and in each area there is no evident reason
why such researchwould beinfeasible.”” (quoting Paul Giannelli & Edward Imwinkelried, Scientific
Evidence: The Fallout from Supreme Court's Decision in Kumho Tires, 14 Crim. Just. 12, 40

(2000))).

For example, fingerprint evidence was first admitted in an American appel late proceeding in 1911.
See People v. Jennings, 96 N.E. 1077, 1082 (11l. 1911); Faigman et al., supranote 192, § 33:2 n.9.
Forensic handwriting identification has been used in litigation since at least 1832, but the first
empirical study to examinehandwriting identification wasconducted in 1939. See Strother v. Lucas,
31 U.S. 763, 767 (1832); Risinger et a., supranote 217, at 734 n.14, 740-43.

See United Statesv. Williams, 506 F.3d 151, 162 (2d Cir. 2007) (*[ E]xpert testimony long assumed
reliable before Rule 702 must nonethel ess be subject to the careful examination that Daubert and
Kumho Tirerequire.”); see aso Richard Bjur & James T. Richardson, Expert Testimony Involving
Chemistsand Chemistry, in Expert Witnessing: Explaining and Understanding Science, supranote
184, at 67, 75; Beecher-Monas & Garcia-Rill, supranote 106, at 275 (“Lower courts cannot blindly
accept pre-Daubert approved notions of expertise.”); Gianelli, supranote 191, at 1096-99.
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222

223

224

225

226

227
228

229

Faigmanet al., supranote192, 8§ 1:35 (“[ T]hevitality of Daubert itself might be assessed on whether
the courts embrace the gatekeeping function seriously enough to challengeforensic scientiststolive
up to thetitle ‘scientist.”’).

Id.

See, e.g.,1d. 8 1:30 (noting “ courts general abdication of any seriouscritical review of thenon-DNA
forensicidentification sciences.”); Gianndlli, supranote 191, at 1111 (“Paradoxically, and perhaps
shamefully, [Daubert] has not been consistently imposed in criminal cases.”).

NRC Report, supranote 166, at 106-09; see, e.g., United Statesv. Pena, 586 F.3d 105, 110 (1st Cir.
2009) (admitting fingerprint evidence despite the court's reservations about its reliability because
“the case law is overwhelmingly in favor of admitting fingerprint experts under virtually any
circumstance’); United Statesv. Prime, 431 F.3d 1147, 1154 (9th Cir. 2005) (samefor handwriting
identification); United States v. Crisp, 324 F.3d 261, 268 (4th Cir. 2003) (same); Faigman et al.,
supranote 192, 833:3 (describing how judges are convinced of thereliability of fingerprint analysis
and avoid conducting a Daubert analysis); see also D. Michael Risinger, Cases Involving the
Reliability of Handwriting Identification Expertise Sincethe Decision in Daubert, 43 Tulsal . Rev.
477,561 (2007) (noting that cases are decided by “authority and case citations,” often foregoing the
proper admissibility analyses and instead admitting evidence by stare decisis).

See, e.g., United States v. Janis, 387 F.3d 682, 689-90 (8th Cir. 2004) (suggesting that fingerprint
evidence can be admitted by judicial notice); Brooksv. State, 748 So. 2d 736, 746-47 (Miss. 1999)
(Smith, J., concurring) (citing numerous cases where the court took judicial notice of forensic
odontol ogy--expert analysis of bite marks--without conducting any evidentiary hearing under either
Frye or Daubert).

SeeFaigman et al., supranote 192, 8 1:35. Asof February 1, 2009, the Innocence Project hasfound
that “[o]f thefirst 225 wrongful convictionsoverturned by DNA testing, morethan 50% (116 cases)
involved unvalidated or improper forensic science.” See Wrongful Convictions Involving
Unvalidated or Improper Forensic Sciencethat Were Later Overturned Through DNA Testing, The
Innocence Project, http://www.innocenceproject.org/docs/DNA_Exonerations_
Forensic_Science.pdf.

Faigman et al., supranote 192, § 1:35.

Cowans V. City of Boston, No. 05-CV-11574, 2007 WL 28419, at *1 (D. Mass. Jan. 4, 2007).

Id.
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231
232
233
234
235
236

237

238

239

240
241

242

Id.; Brief for the Innocence Project, Inc. as Amici Curiae Supporting Petitioner, Holmes v. South
Caralina, 547 U.S. 319 (2006) (No. 04-1327), 2005 WL 879501, at * 13-14 [hereinafter Innocence

Project Brief]; Jonathan Saltzman & Mac Daniel, Man Freed in 1997 Shooting of Officer: Judge
Gives Ruling After Fingerprint Revelation, Bos. Globe, Jan. 24, 2004, at A1.

Innocence Project Brief, supra note 230, at * 14.

Cowans, 2007 WL 28419, at *1; Innocence Project Brief, supra note 230, at *13-14.

See NRC Report, supra note 166, at 109.
Faigman et al., supranote 192, § 1:35.
Id.

Id.

Id.; see Cooley & Oberfield, supranote 217, at 285, 291 (finding that the prosecution’s successrate
is much higher). The disparity is emphasized when compared with Daubert challenges to forensic
evidence in civil trials. In federa civil trials, forensic evidence was excluded under Daubert 41
percent of the time, compared with 25 percent of the time pre-Daubert. Challenges made by
defendants succeed approximately two-thirds of the time, compared with asuccessrate of lessthan
half for challenges posed by plaintiffs. Faigman et al., supra note 192, 81:35; see also Michael L.
Perlin, “His Brain Has Been Mismanaged with Great Skill”: How Will Jurors Respond to
Neuroimaging Testimony in Insanity Defense Cases?, 42 Akron L. Rev. 885, 906-07 & 907 n.139
(2009). These statistics underscorethe observation that “ courtshave been, at best, lackadaisical and,
at worst, disingenuousin carrying out their gatekeeping duties toward forensic science [in criminal
cases|.” See Faigman et al., supranote 192, §1:30.

See, e.g., Faigman et al., supranote 192, § 1:35 (offering possible explanations for this disparity);
Perlin, supra note 237, at 906-07; Saks, supra note 206, at 335-41 (explaining why courts accept
forensic evidence despite itslack of validity).

Pub. L. No. 109-108, 119 Stat. 2290 (codified as amended in scattered sectionsof 42 U.S.C. and 15
U.S.C).

S. Rep. No. 109-88, at 46 (2005).

See NRC Report, supra note 166, at 6.

Id. at 5-8.
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245
246
247
248

249

250

231

252
253

24

Seeid. at 7; supra note 206 and accompanying text. But see supra note 215 (noting deficienciesin
DNA analysis).

NRC Report, supranote 166, at 7.

Id. at 8.

Id.

Id. at 9.

Id. at 81-82.

See Melendez-Diaz v. Massachusetts, 129 S. Ct. 2527, 2537 (2009) (noting that although there are

“[slerious deficiencies’ in the forensic evidence used in criminal trias, confrontation and the
adversarial process can weed them out).

See, e.g., United States v. Berry, 624 F.3d 1031, 1041, 1043 (9th Cir. 2010) (noting serious
criticisms of lead bullet forensic analysis are “no more than impeaching evidence”); United States
v. Ford, 481 F.3d 215, 218 n.5 (3d Cir. 2007) (admitting forensic individualization evidence but
noting that Daubert “might be afruitless exercise” due to “some of the difficultiesinherent in this
type of science”); United States v. Crisp, 324 F.3d 261, 270 (4th Cir. 2003) (noting that while
additional research “would bewelcome,” it would befoolish to excludetheevidence); United States
v. Willock, 696 F. Supp. 2d 536, 568 (D. Md. 2010) (finding that although forensic toolmark
analysis may not be “sufficiently reliable to be called a‘science,”’ it is consistently admitted and
may still be useful to the jury); see also Faigman et al., supra note 192, § 1:30 (“Although the
scholarly literatureisincreasi ngly demonstrating the paucity of dataunderlying many forensicfields,
courts blithely ignore the empirical realities.”).

See, e.g., United Statesv. Prime, 431 F.3d 1147, 1154 (9th Cir. 2005) (holding that district court's
finding that handwriting testimony was admissible “was consistent with all six circuits that have
addressed [its] admissibility”); United States v. Rogers, 26 F. App'x 171, 173 (4th Cir. 2001)
(“[V]irtualy every circuit and district court, both before and after Daubert, [has] a longstanding
tradition of allowing fingerprint examinersto state their opinion and conclusions.”).

324 F.3d 261 (4th Cir. 2003).

Id. at 271.

Id. at 265-68.
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256
257

258

259

260

261

262

263
264
265
266
267
268

269

Id. at 271 (citation omitted). But see id. at 272 (Michael, J., dissenting) (describing how a long
history of admissibility should not grant the government a“ pass” to show how the evidence satisfies
Daubert).

Id. at 270 (“[F]urther research into fingerprint analysis would be welcome.”).
Id. at 270 n.5.

Faigman et al., supra note 192, 8 34:7 (referring to the court's decision to admit the evidence as
adopting the* guild test,” meaning that courts defer to the history of the evidence'susein court); see
NRC Report, supranote 166, at 110 (noting that judges could bereluctant to conduct proper Daubert
analyses due to history of admissibility); see also United Statesv. Baines, 573 F.3d 979, 992 (10th
Cir. 2009) (holding that fingerprint evidence survives Daubert, largely due to its history of
admissibility).

Id. at 270 (“[L]ike fingerprint analysis, handwriting comparison testimony has a long history of
admissibility in the courts of this country.”).

Faigman et al., supranote 192, 8 34:7 (citing Crisp, 324 F.3d at 269).

Seeid. § 33:18; see also NRC Report, supranote 166, at 142 (“[C]laims... [of] zero error rates are
not scientifically plausible.”).

Toolmarks are generated when a hard object comes into contact with a relatively softer object,
leaving an indentation or marking which experts can trace to an individual tool. See NRC Report,
supra note 166, at 150.

United Statesv. Green, 405 F. Supp. 2d 104, 109 (D. Mass. 2005).

Id. at 108-09.
Id. at 109.

696 F. Supp. 2d 536 (D. Md. 2010).

Id. at 549-74.
Id. at 570.

Id. at 547 nn.25-26.
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271

272

273

274

275

276

277

278

279

280

281

Id. at 574.

Id.

Seeid. at 573-74.

Id. at 578.

See, e.g., Deputy v. Lehman Bros., 345 F.3d 494, 509 (7th Cir. 2003) (citing several district courts
that haverejected handwriting analysisfor lack of scientificreliability); United Statesv. Taylor, 663
E. Supp. 2d 1170, 1180 (D.N.M. 2009) (finding ballistics was not a science but admitting the

testimony with similar qualifications); United States v. Glynn, 578 F. Supp. 2d 567, 574-75
(S.D.N.Y. 2008) (same); see aso supranote 194.

United Statesv. Baines, 573 F.3d 979, 992 (10th Cir. 2009); United Statesv. Crisp, 324 F.3d 261,
270 (4th Cir. 2003); see also United States v. Mitchell, 199 F. Supp. 2d 262, 267 n.5 (E.D. Pa.
2002); United States v. Llera-Plaza, 188 F. Supp. 2d 549, 572 (E.D. Pa. 2002).

NRC Report, supra note 166, at 109 (citing Crisp, 324 F.3d at 270); Joan Griffin & David J.
LaMagna, Daubert Challengesto Forensic Evidence: Ballistics Next on the Firing Line, Champion
Mag., Sept.-Oct. 2002, at 20.

See, e.g., Dale A. Nance, Reliability and the Admissibility of Experts, 34 Seton Hall L. Rev. 191,
193-219 (2003) (discussing general reliability standard and how it has been misapplied).

For exampl e, constitutional issuesareraised if scansare used aslie detection devices. See, e.g., John
G. New, If You Could Read My Mind: Implications of Neurological Evidence for Twenty-First
Century Criminal Jurisprudence, 29 J. Legal Med. 179, 193-98 (discussing Fourth and Fifth
Amendment concernsraised by neurol ogically-based lie detection devices). Seegenerally Stoller &
Wolpe, supranote 115 (discussing Fourth and Fifth Amendment implications).

See, e.g., Moriarty, supranote 71, at 31 (noting that structural brain scans*are routinely introduced
in court to show brain injuries, tumors, and abnormalities’); Patel et al., supra note 33, at 557-58
(noting that brain imaging is used “[i]n courthouses across the United States’).

See Moriarty, supra note 71, at 29, 32, 48 (noting that few courts have admitted fMRI-based
evidence). While Yang and colleagues state that approximately 130 cases have utilized PET or
SPECT scans, they do not break down the distribution of cases into state and federal, or civil and
criminal. See Yang et al., supranote 48, at 77-78.

Moriarty, supranote 71, at 48.
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283

284

285

286

287

288

289

290

291

292

293

294

See Patel et d., supra note 33, at 561-64 (describing the types of cases in which functiona
neuroimaging evidence has been admitted).

See, e.g., Jay D. Aronson, The Law's Use of Brain Evidence, 6 Ann. Rev. L. Soc. Sci. 93, 100-01
(2010); Khoshbin & Khoshbin, supra note 22, at 171-72; Jennifer Kulynych, Note, Psychiatric
Neuroimaging Evidence: A High-Tech Crystal Ball?, 49 Stan. L. Rev. 1249, 1259 (1997).

See, e.g., Kulynych, supra note 283, at 1259.

See supranotes 61, 70-71, 77-79, 89-91 and accompanying text (describing various neuroimaging
techniques and their corresponding temporal and/or spatial resolution).

Kulynych, supranote 283, at 1259; See Brown & Murphy, supranote 54, at 1149-52 (discussing the
problems of individual differences as they pertain to fMRI lie detection); Greely, supra note 6, at
711-14; Reeveset al., supranote 63, at 90.

Baskin et al., supranote 45, at 249; Brown & Murphy, supranote 54, at 1142-43.

See Brown & Murphy, supranote 54, at 1143-49, 1152-55; Feigenson, supranote 89, at 32; Greely
& llles, supranote 90, at 383-84; Jones et al., supranote 62, P 32.

Baskin et al., supranote 45, at 249; Brown & Murphy, supranote 54, at 1144-49.

See Brown & Murphy, supra note 54, at 1143, 1152-55 (discussing variables in methods used);
Snead, supranote45, at 1288-89; seealso Jacksonv. Calderon, 211 F.3d 1148, 1165 (9th Cir. 2000)
(upholding district court's exclusion of defendant's PET scan in part because it “is susceptible to
conflicting interpretations’), aff'd after new sentencing hearing sub nom. People v. Jackson, 199
P.3d 1098 (Cal. 2009).

Brown & Murphy, supra note 54, at 1150-52; Greely, supra note 6, at 713-14.

See supra notes 62-65 and accompanying text (discussing how functional neuroimaging relies on
comparisons based on comparing a subject's brain activity with previously collected “normal”
activity).

See Brown & Murphy, supranote 54, at 1150 (noting the importance of individua differencesand
their ability to skew results); Greely, supranote 6, at 714; Greely & Illes, supranote 90, at 380-81
(describing numerous reasons why deviations in results may occur).

Greely, supranote 6, at 714; see also Brown & Murphy, supra note 54, at 1150-52.
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296

297

298

299

300

301

302

See Goodenough & Tucker, supra note 57, at 66.

See Gredly, supranote 6, at 713-14 (describing how variations occur acrossindividuals, and “ asthe
law mainly cares about individuals, thisisareal challenge’).

Seeid.; see aso Brown & Murphy, supranote 54, at 1150-52 (noting the importance of individual
differences).

See Steven K. Erickson, Blaming the Brain, 11 Minn. J. L. Sci. & Tech. 27, 32 (2010) (“Brain
activity isagloba phenomenon, not merely alocalized one within compartments of thebrain ....”);
AmandaC. Pustilnik, ViolenceontheBrain: A Critique of Neurosciencein Criminal Law, 44 Wake
Forest L. Rev. 183, 219-26 (2009) (describing the difficulty of localizing behavior to specific brain
regions); Snead, supranote 45, at 1287-88 & 1287 n.110 (same).

Baskin et a., supranote 45, at 249; Jones et a., supranote 62, P 38; Snead, supranote 45, at 1287.

Aronson, supranote 283, at 94 (“We simply do not yet have the technology or the understanding to
link the brain structure and activity to behavior in any legally meaningful way.”); Snead, supranote
45, at 1288.

See, e.g., Goodenough & Tucker, supranote 57, at 72; see aso Fed. R. Evid. 702; Johnson, supra
note 55, at 30-32; Stephen J. Morse, Brain Overclaim Syndrome and Criminal Responsibility: A
Diagnostic Note, 3 Ohio St. J. Crim. L. 397, 406 (2006) (arguing that the criteria for criminal
responsibility are normative and neuroscience is unhelpful to the jury); Walter Sinnott-Armstrong
et a., Brain Images as Lega Evidence, 5 Episteme 359, 362-67 (2008).

Gazzaniga, supranote 55, at 102; see also Morse, supra note 301, at 400.
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Moriarty, supra note 71, at 42. Many scholars debate this issue at length, and legal-philosophical
implicationsabout freewill and determinism abound. See, e.g., Gazzaniga, supranote55, at 87-102;
LisaClaydon, Mind the Gap: Problemsof Mind, Body and Braininthe Criminal Law, in Law, Mind
and Brain, supranote 57, at 55, 55-80; Michael S. Gazzaniga& Megan S. Steven, Free Will in the
Twenty-first Century: A Discussion of Neuroscience and the Law, in Neuroscience and the Law,
supranote 113, at 51, 51-70; Dean Mobbs et a., Law, Responsibility, and the Brain, in Law, Mind
and Brain, supra note 57, at 5, 5-22; Stephen J. Morse, New Neuroscience, Old Problems, in
Neuroscience and the Law, supranote 113, at 157, 157-98. Professor Stephen M orse has coined this
the“psycholegal error,” whichisthetendency to think that an actor is not responsiblefor hisactions
due to his genes or his brain function. Stephen J. Morse, Criminal Responsibility and the
Disappearing Person, 28 Cardozo L. Rev. 2545, 2569 (2007). But see Joshua Greene & Jonathan
Cohen, For the Law, Neuroscience Changes Nothing and Everything, in Law & The Brain, supra
note 40, at 207 (offering a counterargument that although neuroscience may not challengethelaw's
stated assumptions, it likely will change the way we think about criminal responsibility).

Snead, supra note 45, at 1288.

See, e.g., Brown & Murphy, supra note 54, at 1131-32, 1187-88 (arguing that current functional
neuroi maging technologies are unable to draw a meaningful conclusion about past mental states);
Snead, supranote 45, at 1287 & n.110; Kulynych, supra note 283, at 1259.

See supra notes 157-59 and accompanying text (discussing Rule 403).

See, e.g., Brown & Murphy, supranote 54, at 1188-1202; Khoshbin & Khoshbin, supranote 22, at
171, 185; Perlin, supranote 237, at 891-92; Reeveset al., supranote 63, at 89; Shafi, supranote 72,
at 30; Kulynych, supranote 283, at 1262.

See Sinnott-Armstrong et a., supra note 301, at 368-69 (discussing concerns of “neurobabble’);
Deena Skolnick Weisberg et al., The Seductive Allure of Neuroscience Explanations, 20 J.
Cognitive Neuroscience 470, 476-77 (2008) (finding that evidence supported by neuroscience
explanations is more convincing to the lay person than the same evidence without neuroscience
explanation).

Brown & Murphy, supra note 54, at 1190-91; Goodenough & Tucker, supra note 57, at 72.

See Goodenough & Tucker, supranote 57, at 72; see also Snead, supra note 45, at 1289-90.
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See Eric Bailey, Defense Probing Brain to Explain Y osemite Killings, L.A. Times, June 15, 2000,
at A3 (“Jurors can be dazzled by the display. Christopher Plourd, a San Diego crimina defense
attorney, remembers well thefirst time he used PET scansin the early 1990s during a murder trial.
‘“Here was this nice color image we could enlarge, that the medical expert could point to,” Plourd
said. ‘It documented that this guy had a rotten spot in his brain. The jury glommed onto that.”’).

Snead, supranote 45, at 1291.

See United States v. Montgomery, 635 F.3d 1074 (8th Cir. 2011); United States v. Puerto, No.
07-14097, 2010 WL 3191765 (11th Cir. Aug. 12, 2010); Jackson v. Calderon, 211 F.3d 1148 (9th
Cir. 2000), aff'd after new sentencing hearing sub nom. People v. Jackson, 199 P.3d 1098 (Cal.
2009); United Statesv. Mezvinsky, 206 F. Supp. 2d 661 (E.D. Pa. 2002); United Statesv. Gigante,
982 F. Supp. 140 (E.D.N.Y. 1997), aff'd, 166 F.3d 75 (2d Cir. 1999); see also United States v.
Sandoval-Mendoza, 472 F.3d 645 (9th Cir. 2006) (holding that neuroimaging evidence which could
elucidate nature of defendant's brain function wasimproperly excluded); United Statesv. Williams,
No. CR 06-00079, 2009 WL 424583 (D. Haw. Feb. 20, 2009) (noting “considerable debate exists”
about the reliability of functional neuroimaging, but entertaining the thought that it could be
relevant).

See, e.g., Gigante, 982 F. Supp. at 147-48 (finding that the scans were “dubious, based upon
speculative scientific theories lacking full development” and the “opinions of [the] defendant's
experts were unreliable”).

See Mezvinsky, 206 F. Supp. 2d at 674-75; Puerto, 2010 WL 3191765, at *13.

See Mezvinsky, 206 F. Supp. 2d at 674-75; Puerto, 2010 WL 3191765, at *13.

206 F. Supp. 2d 661 (E.D. Pa. 2002).

318

Id. at 667-69.

319

Id. at 675 (“[T]hereis... no evidence that Mezvinsky's PET-identified brain abnormalities had any

320

321

322

pertinence to his capacity to deceive ....").

Id. The prosecution argued that the PET scans could mislead and confuse the jury and should be
excluded under Rule 403. The court, however, did not reach that question in its analysis. Seeid.

No. 07-14097, 2010 WL 3191765 (11th Cir. Aug. 12, 2010).

Id. at *12-13.
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Id. at *9-10.

Id. at *10.

Id.

Id. at *13.

Id.

Seeid.; United States v. Mezvinsky, 206 F. Supp. 2d 661, 677 (E.D. Pa. 2002); see also Trapp V.
Spencer, 479 F.3d 53, 58, 62-63 (1st Cir. 2007) (affirming denia of habeas petition seeking new
PET scanresultsin part becausethe brain scan was conducted twenty years after themurder and may

not have been representative of the defendant's brain condition when the defendant committed the
crime).

See supraPart [1.LA.1.

See, e.g., Feigenson, supra note 89, at 44-48; Goodenough & Tucker, supra note 57, at 80-82;
Johnson, supra note 55, at 39-40; Yang et al., supra note 48, at 79-80; see aso Beecher-Monas &
Garcia-Rill, supra note 106, at 261. See generally Kittay, supra note 115.

See, e.g., Frederick Schauer, Can Bad Science Be Good Evidence? Neuroscience, LieDetection, and
Beyond, 95 Corndll L. Rev. 1191, 1205-06 (2010).

Seg, e.g., Goodenough & Tucker, supranote 57, at 80; Erin Ann O'Hara, How Neuroscience Might
Advancethe Law, in Law & The Brain, supranote 40, 21, 27-31; Shafi, supranote 72, at 29-30.

See, e.g., Feigenson, supra note 89, at 44-45, 48.

See generaly Fabian, supra note 106; Raine, supra note 109; Raine & Yang, supra note 106;
Sapolsky, supra note 40; Robert W. Thatcher et a., Quantitative EEG and the Frye and Daubert
Standards of Admissibility, 34 Clinical Electroencephalography 1 (2003) (arguing that qEEG is
sufficiently reliable to pass evidentiary standards).

See Goodenough & Tucker, supra note 57, at 80.
Id. at 82; see also Pettit, Jr. supra note 74, at 340 (concluding that brain imaging is constantly
evolving and, should brain imaging reach the point of admissibility, courts should be open to this

new form of evidence “even if the result is a profound transformation of how [our legal system]
operates’).
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Goodenough & Tucker, supranote 57, at 80-82.

See supraPart [1.A.1-2.

See Beecher-Monas & Garcia-Rill, supranote 106, at 253, 257, 276.

Id. at 253 (“The probability that one event caused another can be increased or decreased, depending
on how well new evidence fits with the guiding theory, but it cannot be determined with absolute
certainty.”); see also Nance, supra note 277, at 193 (arguing that courts misunderstand Daubert's
reliability requirement and that evidenceis not a*“ binary, all-or-nothing concept of reliability--that
evidenceiseither reliable or unreliable,” but that “thereliability of evidenceisamatter of degree”).
Beecher-Monas & Garcia-Rill, supra note 106, at 256.

Id. at 257.

Id. at 262; see supra note 125 and accompanying text.

Beecher-Monas & Garcia-Rill, supra note 106, at 256, 262, 275-76.

Defendants could also introduce such evidence to boost their credibility by attempting to show they
are not falsifying their testimony, see supra note 115, but that is beyond the scope of this Note.

Slobogin, supra note 185, at 40, 53-55 (pointing out that when defendants wish to testify on their
own behalf, both First and Sixth Amendment protections are triggered). Slobogin notes that a
defendant's right to testify is particularly important when the testimony concerns the defendant's
mental state. Id.; see Greely, supranote 113, at 131-32 (discussing a constitutional right, based on
the Fifth and Sixth Amendments, for criminal defendantsto present evidencein their own defense).

483 U.S. 44 (1987).

Id. at 61.

Slobogin, supra note 185, at 55; see aso Beecher-Monas & Garcia-Rill, supra note 106, at 261
(“Mental stateis such animportant facet of our understanding of criminal responsibility that judges
need to be open to the new ideas emerging in the field of brain science.”).

Slobogin, supra note 185, at 55.

Id. at 40, 43-48, 51; Beecher-Monas & Garcia-Rill, supra note 106, at 261.
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472 F.3d 645 (9th Cir. 2006).

Seeid. at 654.
Seeid. at 656.

Id. (quoting United States v. Slaughter, 891 F.2d 691, 698 (9th Cir. 1989)).

Yang et a., supranote 48, at 79.

Id.; seealso United Statesv. Williams, No. CR 06-00079, 2009 WL 424583, at *5-6 (D. Haw. Feb.
20, 2009) (noting that while it is controversial, functional neuroimaging can potentially enlighten
thefact-finder on questions of the defendant's mental intent and cul pability); Stephen H. Dinwiddie,
Biological Causes of Criminality and Expert Testimony--Some Cautionary Thoughts, in The
Science, Treatment, and Prevention of Antisocial Behaviors: Application to the Criminal Justice
System 24-1, at 24-9 (Diana H. Fishbein ed., 2000); O'Hara, supra note 332, at 28-30 (describing
neuroscience as a contributing factor that can help the fact-finder decide on ultimate issues of
culpability).

See supra notes 40, 106 and accompanying text.

Dinwiddie, supra note 357, at 24-9; see also O'Hara, supra note 332, at 29-30; Note, Reliable
Evaluation of Expert Testimony, 116 Harv. L. Rev. 2142, 2153 (2003) (noting that jurors should be
the arbiters of as-applied reliability).

O'Hara, supra note 332, at 30.
See supra notes 157-60 and accompanying text (explaining Rule 403); supra Part I1.A 4.

E.g., Feigenson, supranote 89, at 44-48; Goodenough & Tucker, supranote 57, at 72 (“[P]otential
for prejudice does not make neuroscience evidence inadmissible per se.”); Schauer, supranote 331,
at 1210; Sinnott-Armstrong et al., supra note 301, at 370.

Perlin, supra note 237, at 890 (quoting Dov Fox, Brain Imaging and the Bill of Rights: Memory
Detection Technologies and American Criminal Justice, 8 Am. J. Bioethics 34, 36 (2008)); see also
Schauer, supra note 331, at 1210 n.103 (citing numerous studies which suggest that juries are not
asill-equipped at evaluating scientific evidence asis commonly assumed).
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Felgenson, supranote 89, at 44-48; Goodenough & Tucker, supranote 57, at 72 (“[A] potentia for
prejudi ce does not make neuroscience evidence inadmissible per se.”); see aso Schauer, supranote
331, at 1210 (“ Thisrelianceonjuror incompetenceto justify excluding neurosci ence evidence seems
misplaced ... or, a the very least, premature.”); Sinnott-Armstrong et al., supra note 301, at 370
(noting that, if used properly, brain scans might actually inform the jury and lead to more accurate
conclusions instead of misleading the jury).

Feigenson, supra note 89, at 44-48.

Id. at 47-48; see Goodenough & Tucker, supra note 57, at 72 (“[JJurors biases and
misunderstandings are better held in check by moreinformation rather than less.”); seea so Daubert
v. Merrell Dow Pharm., Inc., 509 U.S. 579, 596 (1993) (stating that “[Vv]igorous cross-examination”
and “presentation of contrary evidence’ are the “traditional and appropriate means’ to challenge
scientific evidence).

Feigenson, supra note 89, at 48.

See supra note 160 and accompanying text (describing what some refer to as the “ Christmas tree
effect”).

Felgenson, supranote 89 at 44-48; see Perlin, supranote 237, at 890; seeaso Ayd & Troeger, supra
note 184, at 38 (“Jurors should participate in legal decision making, even when scientific or
technical issues areinvolved.”); Friedman, supra note 184, at 1061-64 (arguing that jurors would
not be unfairly prejudiced if presented with such evidence, and that they can still effectively serve
asfinders of fact).

See, eg., United States v. Hammer, 404 F. Supp. 2d 676, 792-93 (M.D. Pa. 2005) (admitting
neuroevidence at habeas corpus hearing but ultimately finding it unpersuasive as to defendant's
competency), appeal dismissed, 564 F.3d 628 (3d Cir. 2009); Statev. Anderson, 79 S.W.3d 420, 429
(Mo. 2002) (despite neurol ogist's testimony of defendant's brain damage, jury still found defendant
guilty and sentenced him to death), aff'd in part, rev'd in part on other grounds, 196 S.W.3d 28 (Mo.
2006); AnemonaHartocallis, Jury FindsWriter Guilty of Sex Attack, Rejecting Psychiatric Defense,
N.Y. Times, May 24, 2007, at B3; see also United States v. Sandoval-Mendoza, 472 F.3d 645, 656
(9th Cir. 2006) (reversing the lower court's decision to exclude evidence while noting that the jury
Is capable of reaching a conclusion and should have been presented with the evidence).

See supra notes 27-32 and accompanying text.
In fact, researchers recently developed technology that allows for significantly faster fMRI scans.

See New Technologies Allow for Faster Brain FMRIs, Medgadget.com (Jan. 12, 2011), http://
www.medgadget.com/archives/2011/01/new_technologies alow_for_faster_brain_fmris.ntml.
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See supraPart |1.A.

See supraPart 1.D.4.

See supraPart 1.D.4.

See supraPart [.D.3.

See supra note 214 and accompanying text.

See supra notes 217-18 and accompanying text.

See supraPart 1.D.4.

See supra note 223 and accompanying text; supra Part 1.D.2.

See supra notes 226-32 and accompanying text (discussing wrongful convictions based on faulty
forensic evidence later overturned by DNA exonerations).

See supra note 200.

See supra Part 11.B.3; supra notes 352-55 and accompanying text.
See supra Part 1.D.4; supranote 251 and accompanying text.

See supraPart I.D.3.

See supra notes 249-65 and accompanying text (discussing federal courts resistanceto challenging
the pedigree of forensic evidence despite recognizing the evidence's weaknesses).

Saks, supra note 206, at 336.

See supra notes 262-65 and accompanying text.
See supra notes 244-48 and accompanying text.
Gredly & llles, supranote 90, at 395-404.

See supra notes 338-44 and accompanying text.

See supra notes 191; 234-38 and accompanying text.
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See supra notes 234-37 and accompanying text.

See supra notes 357-59 and accompanying text.

See supra notes 228-32 and accompanying text.

See supra note 369-70 and accompanying text.

See supraPart |1.A.

See supraPart [1.A.1.

See supra notes 244-48 and accompanying text.

See supra notes 62-65, 291-97 and accompanying text.
See supra notes 203-07 and accompanying text.

See supraPart [1.A.2.

This includes blood, bite marks, etchings on tool marks, fingerprints, and the like. See supra Part
[.D.1.

See Moriarty & Saks, supranote 17, at 26.

See NRC Report, supra note 166, at 174. Similar problems of temporal dynamism occur with
toolmark analysis. See Moriarty & Saks, supranote 17, at 26.

NRC Report, supra note 166, at 174.

Moriarty & Saks, supranote 17, at 26 (“[I]t is necessary [for forensic analysts] to use methods of
analysis that are capable of making useful estimates about samples or a temporally changing
target.”). The same holds true for inferential leaps that experts make when they only have partial
fingerprints. Id.

See supraPart [.D.3.

See supra notes 217-18 and accompanying text.

See supra notes 262-65, 274 and accompanying text.
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See Brown & Murphy, supra note 54, at 1177 (noting that the methodology of functiona
neuroimaging isscientifically sound and would survive both Daubert and Fryeanal yses); supraParts
1.B.1, 11.B.2.

See supra notes 174-75 and accompanying text.

See supra notes 125, 170-73 and accompanying text.

See supra note 172 and accompanying text.

See supra Parts 11.B.2, 11.B.4, note 349 and accompanying text.

See supra notes 161-65 and accompanying text.

See supra Part 11.B.4; see also supra notes 270-73 and accompanying text.

Once such questioniswhether the science of functional neuroimagingissufficiently reliableto pass
Daubert.

See supra note 334 and accompanying text.
See supraPart I.C.3.

See supra note 370 and accompanying text (citing cases where juries disregarded functional
neuroimaging evidence); see also supra notes 362-63 and accompanying text.

See supra notes 366-70 and accompanying text.
See supra notes 365-67 and accompanying text.
See supra notes 132-35 and accompanying text.

See White v. Illinois, 502 U.S. 346, 356 (1992) (quoting California v. Green, 399 U.S. 149, 158
(1970)).

See supra notes 339-44 and accompanying text.

472 F.3d 645 (9th Cir. 2006); see supra notes 352-55 and accompanying text.

See supra note 354 and accompanying text.
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429 Sandova-Mendoza, 472 F.3d. at 656.

430 Seesupranotes 137, 151 and accompanying text.

431 Seesupranote 184 and accompanying text.

432 SeesupraPart11.B.2.

433 SeesupraPart 11.B.4-5.

434 See supranote 21 and accompanying text.

435 Seesupranote 135.

436 See supranote 22 and accompanying text.

Bruce Stern, Diffusion Tensor | maging 289 New Jersey Lawyer 11 (August, 2014)3

Over the past 20 years, both clinicians and attorneys have recognized that traumatic brain injury
poses aserious medical condition.? It isso seriousthat Brent Masel, MD, the medical director of the
Brain Injury Association of America, calls brain injury achronic disease? It is, therefore, not
surprising that claims asserting compensation for traumatic brain injury have steadily increased.

Traumatic brain injury is defined as an ateration in brain function, or other evidence of brain
pathology, caused by an external force.2 However, traumatic brain injury is acontinuum, ranging
from mild to severe. Because traditional MRI and CT scans are insensitive to the subtle damage
sustained in mild traumatic brain injury, these diagnostic test results are usualy reported as
normal .2 It isfor thisreason that mild traumatic brain injury hasbeen called the“ silent epidemic.”2

Since the majority of traumatic brain injuries are classified as mild, and because diagnostic tests
such as MRI and CT scans are usualy reported as normal (as are neurologic mental status
examinations) demonstrating an individual sustained a traumatic brain injury is often difficult.
Where the limitation on lawsuit threshold applies, a plaintiff must demonstrate objective proof of
medical evidence of apermanent injury. Satisfying thisthreshold has been difficult. Plaintiffs have
hadto rely on neuropsychological testing,® which * 12 comprisesnumeroustests designed to measure
the functioning of the brain. Because thistesting requiresthe patient put forth hisor her best efforts,
some defense-oriented doctors have suggested neuropsychological testing is subjective, not

8 Copyright © 2014 by New Jersey State Bar Association; Bruce H. Stern
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objective. While this viewpoint has been rejected by mainstream medicine, the argument still
prevails.’

Despite neuropsychological testing being considered objective proof of injury by mainstream
medicine, plaintiff and defense neuropsychologiststypically differ intheir interpretation of the data.
Sincethe plaintiff hasthe burden of proof and confusion isaways an aid to the defense, reliance on
neuropsychological testing to objectively demonstrate traumatic brain injury has often proved
difficult in court.

With the growth in technology, new neuroimaging techniques can now objectively document and
support the clinical diagnosis of traumatic brain injury. This has particular relevancein litigating
automobile accident cases where aplaintiff has elected the limited threshold, as a permanent injury
under N.J.S.A. 39:6A-8amust be proven through objective medical evidence before aplaintiff can
recover damages for pain and suffering. This article will discuss one of those new
techniques--diffusion tensor imaging (DTI).

What isDTI?

DTI examines the microstructure of the white matter of the brain, allowing for the detection of
mi croscopic pathology or abnormality.2 Because of its sensitivity, DTI reveals abnormalitiesin the
white matter of the brain that is not detectible on a standard MRI or CT scan. Diffusion tensor
imaging sequences are sensitive to traumatic axonal injury secondary to stretch, sheer and
compaction forces.2 DT measuresthe direction of movement or flow (known as diffusion) of water
molecules through tissue. In the white matter of a normal, healthy brain, the direction of water
diffusion is uniform. Injury disrupts the normal structure of white matter, leading to less uniform
direction of diffusion.

DTI isbased on the basic physics of the flow of water. With no barriersto flow, water will movein
an isotropic distribution, which meansit will move equally in al directions. If there are barriersto
flow it will move anisotropically, or unequally inall directions. White matter of the brain comprises
axons, which are long processes extending from the nerve cells, which constitute the gray matter.
Axonsareorganized into thick, tubular tracts, which extend from one brain region to another, similar
toelectrical cables. Water diffusionismuch greater along thelong axonthan acrossit and, therefore,
has a relatively anisotropic distribution (higher FA). Traumatic brain injury induced by sudden
acceleration or deceleration of the head often results in widely scattered damage to white matter
fibers known as diffuse axona injury. This damage includes segmental breakdown in the outer
membrane of the axon, increasing diffusion in the short access dimension leading to moreisotropic
distribution (decreased FA)

Neuroimaging experts will compare an individua patient's DTI findings against the findings of a
normal control group. Wherethe abnormalitiesareat | east two standard deviationsor morefromthe
mean, the findings on the specific patient's DT are abnormal .2 “Where a patient's measurement is
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two standard deviations or more away from the mean of the normal distribution, thereisonly afive
percent chancethat thefinding of abnormality isafalse positive, or dueto inherent variability rather
than actual abnormality. Notably, this five percent criterion is the standard for determination of
clinically significant findings in medical research.”

As expected with any new diagnostic test, diffusion tensor imaging has come under attack by
defense courtroom physicians and defense attorneys.

The Standard for Assessing the Admissibility of Expert Testimony

The standard for assessing the admissibility of expert opinion testimony and diagnostic testing is
well established in New Jersey. The New Jersey Supreme Court explained that N.J.R.E. 702:

Sets forth three basic requirements for the admission of expert testimony: (1) the
intended testimony must concern asubject matter beyond the ken of averagejuror; (2)
the field testified to must be at a state of the art that an expert's testimony could be
sufficiently reliable; and (3) the witness must have sufficient expertise to offer the
intended testimony.

While Rule 702 alows a qualified witness to testify “in the form of an opinion or
otherwise,” N.J.R.E. 703 “*addresses the single quote bases of opinion testimony by
experts.”’ £

The New Jersey Supreme Court has admonished courts to construe Rule 702's
“requirements’ liberally inlight of N.J.R.E. 702'stilt in favor of the admissibility of expert
testimony.2

To meet the second requirement, only expert opinions that are “ constructed with a sound
scientific methodology and provide the requisite nexus to the disputed issue” will qualify
as helpful and be admissible.

The New Jersey Supreme Court ruled that the standard to be utilized in determining the
reliability and admissibility of scientific theoriesfocuses on the methodol ogy and reasoning
supporting the opinion.22 The proper inquiry is whether the expert's opinion is based on a
“sound, adequately-founded scientific methodol ogy involving data and information of the
type relied on by experts in the scientific field.”22 The Court must make inquiry into, and
make a determination finding on, whether expertsin * 13 the field rely on such data.?2 The
trial court should assess “whether the reasoning or methodology underlying the testimony
is scientifically valid and whether that reasoning or methodology properly can be applied
to the factsin issue.”2

In New Jersey, there are three ways to prove genera acceptance reliability of a
methodology: 1) by expert testimony regarding the general acceptance, anong thosein the
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profession, of the premises on which the expert witness based his or her analysis; 2) by
authoritative, scientific and legal writings indicating the scientific community accepts the
premises underlying the testimony; and 3) by judicial opinions that indicate the expert's
premises have gained general acceptance.2

DTI Satisfies These Requirements

Over the past decade, numerous medical articles have been published regarding using
diffusion tensor imaging to detect brain abnormalities in patients with traumatic brain
injury (TBI). Inan articleentitled “A Decade of DTIin Traumatic Brain Injury: 10 Y ears
and 100 Articles Later,”2 the authors conducted a PubMed search of all relevant DTI
articlesthrough 2011. Using an exclusion criteria, they found 100 articlesmet theinclusion
criteria. From those articles, the authors concluded:

A unifying theme can be deduced from this large body of research: DTl is
an extremely useful and robust tool for the detection of TBI-related brain
abnormalities. The overwhelming consensus of these studies is that low
white matter FA is characteristic of TBI. Thisfinding is consistent across
amost al of the articles we reviewed, despite significant variability in
patient demographics, modest differencesin dataacquisition parameters, and
amultiplicity of data analysis techniques. This consistency across studies
attests to the robustness of DT as ameasure of brain injury in TBI ....

We aso found an overwhelming consensus that imaging abnormalities
detected with DTI are associated with important clinical outcomes. This
further validates DT asameaningful measure of clinically important brain
injury.

In summary, DTI provides arobust measure of clinically important TAI [traumatic axonal
injury] at cross-section, despitethevariability inherent in characteristicsof patientswith TBI
andinjury mechanismsaswell asstudy differencesin dataacquisition and analysismethods.

The American College of Radiology, the American Society of Neuroradiology * 14 and the
Society of Pediatric Radiology have published guidelines for DTI to provide added value
for MRI of the brain. The American Society of Functional Neuroradiology (ASFNR) has
alsoissued guidelinesfor the clinical use of diffusion tensor imaging.2 The ASFNR found
DTI is an acceptable test to be used with other factorsin the diagnosis of traumatic brain
injury. DTI is also used by the U.S. Department of Defense, the Defense Centers of
Excellence (DCoE) and the Defense and Veterans Brain Injury Center (DVBIC).

DTl HasBeen Admitted in Various Courts Throughout the United States
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As expected, challenges to the admissibility of diffusion tensor imaging are routinely filed
and routinely denied by numerous trial courts throughout the United States. Not one court
has disallowed the admissibility of diffusion tensor imaging.

In Ruppel v. Kucanin,® the plaintiff was severely injured in a motor vehicle crash. The
defendants moved to assert the opinion of the plaintiff's neuroimaging expert, Dr. Randall
Benson, regarding the plaintiff's condition of adiffuse axonal injury and its causation was
unreliable under Rule 702 because it was based on two controversial methods: DTI and
fractional anisotropy (FA) quantification fromthat imaging. Thefederal district court found
that DTI and FA quantification based on comparative scans appeared to bereliable methods
for Benson to arriveat hisexpert opinion of the plaintiff's diagnosis of diffuse axonal injury
and the cause of that injury. Relying on Daubert, thetrial court found “the evidence shows
that while DTI isarelatively new technology it is gaining general acceptance as a method
for detecting TBI. It is explained in further detail below. First, there have been numerous
validation studies, published in peer reviewed journals on DTI to detect diffuse axona
injuries. Second, DTI isregularly used as a diagnostic tool ....”

The court also acknowledged “several decisionsin which trial court judges admitted DTI
into evidence.” For example Hammar v. Sentinel insurance Company, Ltd,® allowed DTI
evidence to be admitted under the Frye standard and Whilden v. Cline? allowed an expert
witness to rely on DTI evidence when testifying about the diagnosis of mild TBI and its
probabl e causation from an automobile accident if the expert's opinion was not based solely
on DTI. The court reviewed the Daubert factors, and found that DTI met the Daubert
standard.

In Chiulli v. Newbury Fine Dining, Inc.,2 the district court was confronted with a similar
motion to bar Benson's testimony regarding his reliance upon diffusion tensor imaging to
arrive at adiagnosis of traumatic brain injury and its causal relationship to the traumatic
event. Like the decision in Ruppel, the court denied the defendant's motion.

Defense Arguments Against DTI

Diffusion tensor imaging isauseful diagnostic tool in research and it is evident from group
analysisthat DTI canidentify TBI-associated changesin the brain acrossarangeof injury
severity, frommild to severe DTI. Theargument, however, isthisfinding isbased primarily
upon group analyses and there is not conclusive evidence to date that DTI can be used for
adiagnosis and/or prognostication at the individual patient level. This argument ignores a
large quantity of peer-reviewed scientific literature supporting the clinical use of DTI12 and
ignoresthat diffusion tensor imaging isbeing used at Walter Reed Army Medical Center to
detect and treat wounded service members returning from Afghanistan and Irag.
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Detractorsalso assert DTI cannot diagnosetraumatic brain injury. Theauthor believesthis
isaclassic straw man argument, since reputabl e experts should not rely solely on diffusion
tensor imaging or any diagnostic test to make adiagnosis. A diagnosis of traumatic brain
injury is a clinica diagnosis based on history, review of medical records, clinical
examination and diagnostic testing. Utilizing all of these sources, a clinician can make an
appropriate diagnosis of traumatic brain injury.2
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Information about the human brain hasincreased dramatically over the past 10to 15 years, radically
changing our understanding of its functions and its capabilities. Since lawyers rely on their brains
(as opposed to speciaized instruments and tools) more than most professionals, this knowledgeis
particularly relevant to them. What followsisa*user'sguide’ or primer about neuroscience for the
practicing lawyer.

The brain is, far and away, the most complex organ known to man. Some estimates suggest that
there are more potential connectionsin the brain than there are starsin the universe. That'salarge
number. Even more fascinating than the mere quantity of connections is the way the brain
interconnects its systems and subsystems.

Onereason the brainisso complex isthat several different systemsoperate simultaneously inliving
brains. The brain can be understood from an anatomical perspective, abiochemical perspective, and
an electrical perspective. Anatomy rules the brain; understanding the place, or position, of its parts
is critical to understanding brain function. If you know the topology of the brain, that is, where
things are located, you are well on the way to understanding many of its functions. This principle
istrue even on the cellular level, where the placement and growth of axons (the antennae that bring
informationinto the cell) and dendrites (the transmittersthat sendinformation out of thecell) dictate
brain function and growth at the micro-level. The biochemical perspective or system dealswith the
neurochemistry of thebrain -- the relevant neuroanatomy here concernsthetiny gaps between axons
and dendrites that are filled with chemicals, called neurotransmitters, that excite or pacify the
receiving neuron. This is the level at which pharmaceuticals operate. Finaly, and perhaps least
understood, the brainis an organ of electrical transmission, where brain frequencies (referred to by
the Greek terms alpha, beta, theta, delta, and gamma) facilitate or reflect certain states of
preparedness, awareness, and learning. Although well documented, these brain waves are not well
understood and their function (for example, arethey cause or effect?) isstill amystery. Rather than

o Copyright © 2010 by the New Y ork State Bar Association; Mark |. Sirkin
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focus on neuroanatomy or neurochemistry, however, let us examine the brain in vivo, that is, how
the brain functions as it is being used. This article will discuss three areas that warrant special
attention: information overload, emotional reactivity, and working with others. But first, what's
changed about what we know?

What's New?

When you were in high school or college, you probably were taught that while other parts of the
body regenerate naturally, the brain doesnot regenerate new brain cells. Thisisnolonger considered
gospel. The brain doesregenerate new cells, aswell asrewire and remap existing connections. This
is called neuroplasticity and the discovery of * 39 this phenomenon lies at the heart of our changing
ideas about brain function. Another breakthrough that has changed the way we think about the brain
isthe fact that new technology, such as functional magnetic resonance imaging (fmri), has allowed
us to actually see the brain at work. So what have we been learning?

* We Think in Maps -- Every ideais a group of interconnected neurons that we call maps. Every
thought, concept, or idea represents a group of neurons or map. Complex ideas, or concepts built
fromanumber of discrete piecesof information, arelarger mapsthat interconnect smaller mapsinto
aunitary thought. Thisishow many pointsin the brain can becomeinterconnected, and asingleidea
or set of neurons can participate in more than one map. Thinking is the process of creating new
maps, and we create millions of new maps every second. A memory, while once thought to be a
single idearesiding in a single place in the brain, is now known to be made up of many discrete
impressions (residing in multiple regions of the brain) all brought together in the single act of
remembering.

» Up Close All Brains Are Different -- The brain changes with experience. This is the essence of
neuroplasticity. Y our brain has been impacted by your unique experienceswhich have affected your
brain, which permanently reflectseverything that has happened to it since birth. Evenidentical twins
have different brains due to their unique experiences beginning in utero. Everything that has
happened to you has affected your brain, for better or for worse. The nanny who gave you ice cream,
that professor in law school that influenced you so much, your first case, al have impacted your
brain more or less permanently. While we always knew that experience mattered, we never knew
that it mattered at such adeep level. The brainisliterally shaped by experience; brain cellslive or
die, and pathways are created and reinforced by repetition. Gerald Edelman, awinner of the Nobel
Prize in Medicine, called this phenomenon “neural Darwinism.” The brain literally changes as a
function of where an individua puts his or her attention. Professionals in different fields think
differently; their brains are different because of their training and their day-to-day mental activity.

* Multi-tasking Is a Myth -- The brain is an excellent sequential processor of information, but
attentionislike aspotlight that can be focused only on onething at atime. The brain requires some
degree of sustained concentration to processinformation, first into short-term, or working, memory,
then into long-term memory. Multi-tasking is actually arapid sequencing from one task to another
and it is a very inefficient process.? (For example, drivers using cell phones are four times more
likely to get into accidents; they arethe functional equivalent of drunk driversbecause of thebrain's
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inherent information-processing limitations.) In addition, the brain stores new information into
short-term memory or working memory, whichisquitelimited. In our information society, working
memory gets filled quickly. When working memory is overloaded, the brain does not function
efficiently -- we become forgetful, inattentive, and frustrated.

» The Brain Prefers Certainty -- In some respects the brain is a “difference” engine; it spots and
resolves differing or incompatibleinputs. When adiscrepancy arises, the brain strivesto resolveit.
Thisiswhy we areinveterate problem solvers, even for fun (think crossword puzzles and Sudoku).
Established maps are preferred because the brain tends to do thingstheway it has donethem before.
Like the law, the brain is inherently conservative. Existing maps (or expectations, to use common
parlance) influence the way new information is processed. Conflicting maps irritate, so we are
motivated to resolve discrepancies between overlapping maps. Changing old wiringinthebrainis
difficult, if not impossible, and the more we focus on an idea, even awrong idea, the more we set
it. The good news, however, is that new maps are relatively easy to lay down. New ideas, or new
maps, are easier to adopt than re-learning or changing an old idea. This may seemto fly in the face
of logic, afavorite mode of thought for lawyers. Logic leads to certainty, which neuroscience tells
us the brain prefers. Logic hasits place; it leads to certainty, which the brain craves. But if you are
trying to convince someone of something, it iseasier to teach that person anew ideathan to get the
person to give up an old one.

Attention and the Myth of Multi-tasking

We live in awired world where new information comes flowing in -- fast and furious. Thisis no
longer your father'slaw practicewith librariesdown thehall and an eminence griseinthe next office
who knew everything therewasto know about a particular law or client. The amount of information
processed by the average lawyer today is many timeswhat it wasjust afew years ago. Moore's law
describes the phenomenon that lets us squeeze more and more data into smaller spaces ever more
quickly. Thisdiscovery has changed the lawyers world permanently, forever changing the way law
is practiced. What has not changed as quickly, however, is the brain that processes al this
information. Aslawyersjuggle cell phones, BlackBerrys, emails and the like, more and more input
isbombarding their brains. It'strue, thetechnology givesustheability to file and accessinformation
more efficiently than ever, but ssmply trying to * 40 remember what isthere, while juggling several
things other tasks at the same time, may strain the brain beyond optimal functioning.

Most of the brain's informational inputs reside in working memory which, as we said, is limited.
This presents a problem. A complicating factor is that most people believe they can multi-task
without degradation of quality or inefficiency. But the brain research disagrees: the brain can focus
primarily on onething at atime, and that'sthelimit. Whileit can switch rapidly from onetask to the
other -- called “serial attention” -- some information isalwayslost in the switching back and forth.
And most peoplewill notice what you are doing and that you are not concentrating fully on the task
at hand.
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When the limits of working memory are reached, several things can happen. First, information gets
lost; thereissimply no placeto storeit effectively, and either the new input gets dropped or the new
information pushes out the old. How many of us have had the experience of being told something
quiteclearly and plainly; welistened, but then got distracted and now we can't remember what it was
wejust heard. Thisisnot only acommon phenomenon, it isbecoming more and more commonwith
consequences that range from annoyance to malpractice. In addition, this type of overload has
emotional consequences. It isfrustrating and stressful to have so much information coming at us at
once. Forgetting can be embarrassing, which creates further emotional stress.

What can be done? Here are several suggestions, taking our current knowledge about brain
functioning into account, that can help with the problems related to information overload.

1. Care and Feeding: Brains do best on seven to eight hours of sleep each night -- get enough sleep.
Caffeine is not food; make sure your brain is well fed with a minimum of carbohydrates and a
maximum of protein. Alcohol and the use of other substances do not contribute to the efficient
functioning of your brain -- use them sparingly. If you need these substances, including sleep
medication or other pharmaceuticals to help you function, you may need alifestyle change that fits
better with the brain you have. In addition, exercising the body may be the single best thing to do
for your brain -- it increases blood flow and keeps the brain systems working at peak efficiency.

2. Train the Brain: Working memory can be trained. Although the brain isnot amuscle, it behaves
like one at times; it improves and gets stronger with practice. Psychol ogists have been developing
gamesand other methodsto hel p working memory function moreefficiently. Somesitesthat provide
brain training are: www.positscience.com, www.lumosity.com, and www.cogmed.com/program.

3. Learn to Relax: Stress is the enemy of efficient brain functioning. The fight-flight mode is
activated when the brain is stressed. While this may prepare you to run away or fight someone, it is
not effectivein today's professiona world. Also, stress pumps hormonesinto your bloodstream that
further distract you. There are, however, a number of mind-body disciplines that all contribute to
better brain functioning through focused relaxation. Among these are yoga, tai chi, meditation or
mindfulness, and biofeedback, to namejust few. Try onethat interestsyou, learn thediscipline, and
then practiceit regularly to control your body'sreaction to stressful eventsand information overload.

The Role of Emotions and Emotional Intelligence

If absorbing and using information wasapurely cognitive exercisethat involved filing and retrieval,
modern lifewould be hard enough. But research shows usthat most, if not all, inputs and memories
get tagged with an emotional association aswell. These emotions, it seems, enable usto processand
retrieve information more effectively.

Let's start with some basic brain anatomy. In the 1960s and 1970s we made the exciting discovery

that the left brain was primarily analytic, specializing in fact-based and sequential information
processing. Theright brainwasmoreemotional and holistic, and processed gestaltsmost effectively.
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We have moved beyond thel eft brain = anal ytic/right brain = emotion dichotomy. Psychol ogistsnow
believe that thereis more than one type of intelligence. IQ, or what is called cognitive intelligence,
iswhat most peopletraditionally think of when they say someoneissmart. However, recent findings
indicate that emotional intelligence, sometimes called EQ, is distinct from, and is not correlated
with, cognitiveintelligence. But EQ iscorrelated with strong interpersonal rel ationships, leadership
skills, and positive client interactions. The good newsfor lawyers, based on preliminary findings by
my colleague Dr. Larry Richard at Hildebrandt Baker Robbins, isthat lawyers tend to have higher
Qs *41 than the average person. The bad news, however, isthat their EQ scores tend to be lower.

Lawyers live in a world where they are taught, and reminded every day, that logic is good and
emotions are bad; careful, non-emotional reasoning should trump emotion every time according to
this old-school way of thinking. Indeed the law is based on this sort of reasoning. Emotions, if
noticed at al, ought to befactored out. But not so fast! Emotions are fundamental to the way people,
and their brains, operate. Here are some things scientists have recently concluded about emotions
that should give every lawyer reason to pause:

» Emotions are information.
» We can try to ignore emotion, but it doesn't work.
» We can try to hide emotions, but we are not as good at it as we think.

* Decisions must incorporate emotion to be effective.
» Emotions follow logical patterns.

» Emotional universals do exist, but so do specifics (i.e., individual and cultural differences).

As with any life skill, some people are better at using emotions than others (i.e., are born with a
higher EQ). And like any other life skill, learning how to use it and practicing it will improve the
ability to recognize, use, and track emotional information.

Emotional intelligence, according to one definition, is the set of skills we use to read, understand,
and respond effectively to the emotional signals sent to us by others and by ourselves. These skills
allow usto understand and adjust our reactionsto events and peopl e, and they enableusto anticipate
and influence others.? If none of these skills and capabilities is important to you then no need to
worry about emotiona intelligence ... but check your pulse because you may not be a fully
functioning human. Interacting with othersrequiresthe use of emotional intelligence. The better you
arewith it, the more you will be able to anticipate, affect, and utilize your own emotions and those
of the people with whom you interact.

According to the literature, the four branches of emotional intelligence are:2
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1. Perceiving and Identifying Emotions -- Knowing your own emotions and reading the emotions
of others accurately.

2. Using Emotion to Facilitate Thought -- Understanding how mood affects you and affects
situations, and how to create moods to achieve your goals.

3. Understanding Emotions-- Making accurateinferences; predicting emotional reactionsin others.
4. Managing Emotions -- Choosing emotional expression appropriate to time and place.

Tests have been developed to assess your own emotional intelligence and diagnose the areas that
need strengthening. As with 1Q, you can be good at some aspects and not so good at others, thus
impacting your overall EQ. But the good news isthat, as with any life skill and a good assessment,
you can determine what you need to work on and improve.

How can emotional intelligence be improved? Some of the sensitivities required for higher
emotional intelligence do not come easily and may be hard to learn. But practice and diligence will
pay off. Here are a couple of suggestions:

1. Facial expressions are the key to reading the emotions of others. Practice reading faces and body
language, and think about whether there is a match or mis-match between the two. Use the
information that is often written on the faces of others. Dr. Paul Ekman (www.paulekman.com) has
been studying emotional expressions for his entire career and has devel oped methods for teaching
this skill to others. Asan added bonus, if you take his course, you may be able to spot when people
arelying to you; emotionally intelligent people will often pick up subtle but real and reliable clues.

2. Keep an emotions journa -- start to study your own emotional reactions to events and their
consequences. This does not mean writing down every emotion you have during the day, but rather
journaling one stand-out event during the day that engaged you or someonecloseto you emotionally.
Try to do this every day. By writing about it, you will be teaching yourself to be more sensitive to
emotional cues and learn how your emotions are connected, one to the other. Remember, focus
changes the brain; so, by thinking about your emotions, you are re-wiring your brain to be more
emotionally astute.

Motivating and I nfluencing Others

Whileit's important to understand the role of emotionsin interpersonal interactions, brain science
isteaching usthings about motivation and influence that we never knew with such certainty before.
For example, by reading fmris when people are exposed to various situations, we can tell what they
like and how they react. We can recognize a perceived threat as it impacts the brain, regardless of
what an individual says or knows about himself or herself.
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Remember, the brain is, first and foremost, a difference-analyzing engine. It makes mental maps
which are predictionsbased on expectati ons based on past experience. If the predictionsdon't match,
the brain sends out an alert that causes the difference to be analyzed until it is understood or
resolved. But the brain does not function in a vacuum: we are social creatures that must negotiate
asocia world whether that is a courtroom, alaw firm, or afamily home. Research suggests that
there are intrinsic, built-in motivators that all humans strive to attain.® Having these motivators
enhanced or achieved isrewarding, while having them frustrated or diminished isintrinsically *42
de-motivating. Although the list below may not be complete, these well-documented social
motivators must be taken into account in every social situation:

* Status

* Certainty

* Autonomy
* Relatedness
* Fairness

These motivators are easiest to remember as the acronym SCARF, although thisis not necessarily
in their order of importance. To the extent that you can enhance any one of the SCARF elements --
for yourself, your firm, or your client -- it will be experienced as a social positive or good.

We are programmed by thousands of years of evolution to seek certainty -- and the other elements
of SCARF aswell. The brain seeks certainty; the brainreally likes predictability. That theworld, or
events, can be anticipated with (a degree of) certainty is intrinsicaly calming, just as an
unpredictable environment typically creates anxiety.

Status is next. We are primates and, as primates, social hierarchies are literally a part of our DNA.
As humans, we enjoy status, the more the better, and it is part of the warp and woof of most social
organizations, including law firms. Or think of the courtroom, with al the built-in status cues that
reinforcetheauthority of judges. Whenwewant to reward someone, weheightentheir status, elevate
them so to speak. Status-seeking behavior often motivates professionals, and men especialy, to a
strong degree.

Professionals tend to over-value autonomy, another intrinsic SCARF motivator. Overlapping a bit
with status, autonomy refers to the freedom to act as one chooses with no constraints. The greater
the constraints, the more autonomy is diminished.

Relatedness, another intrinsic motivator, issometimesat oddswith status and autonomy. Peoplelike
to fee connected to each other and this motivates us to be part of a firm or a profession.
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Interestingly, significant gender differences are emerging from the research, indicating that women
place a higher value on relatedness while men seek status more.

Finally, fairness seems to be an intrinsic motivator, which should come as a reassurance to those
who practice law. Primates, and even many mammal's, seem to have an innate sense of what isfair
and what is not. This may well be the biological and evolutionary basis for the importance of the
legal systemin civilized societies.

The SCARF model has significant ramifications for how people lead and manage others.

» Compensation systems are usually more about fairness and status than money. What matters most
is how people are treated in relation to others of similar status.

* Relatednessisaprimary motivator. Firms should be looking for waysto enhanceit asit isamong
the best predictors of efficiency, profitability, and teamwork.2 Men, and male-dominated
organizations, tend to over-emphasi ze status and under-emphasi ze rel atedness.

* When mentoring or managing others, attend to the SCARF factors. Good mentors naturally seek
toenhance SCARF. Noticeindividua differences; some SCARF factorsare moreimportant to some
than others (you will improve your skills by working on your emotional intelligence!).

* Reading your emailsor scanning or inputting on your BlackBerry whileinteracting with othershas
an impact -- it is “de-statusing” and thus not a good relationship enhancer. And considering the
limits of working memory and the myth of multi-tasking, it may just push your overflowing brain
over the edge. Simply put, it's bad manners and bad neuroscience.

Although there is much more to say about the confluence of neuroscience and the practice of law,
attending to the simple facts and suggestions above should give the average lawyer plenty to think
about and much to improve.
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