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My fundamental premise about the brain is that its workings—what we
sometimes call "mind"—are a consequence of its anatomy and physiology,

and nothing more.

—Carl Sagan'

I. INTRODUCTION

What if there were a test to diagnose a lie as easily as a disease? How
would the operation of the courts of society change to accommodate such
an amazing development? We may find out sooner than you think. Our
ability to understand the inner workings of the brain is rapidly advancing,
and may shortly be so sophisticated that scientists will be able to reliably
spot a liar based solely on how his or her brain fiinctions during the act of
lying. To date, no judge has ruled the results of neuroimaging-based lie
detection admissible in court, but briskly advancing scholarship may soon
make it impossible to exclude. This Note will chart the course of scientific
efforts to develop a reliable method of lie detection and analyze the laws of
evidence related to the admissibility of the product of those efforts. More
specifically, this Note will address the benefits and dangers of accurate lie
detection, speak to the moral and constitutional difficulties posed by such
technology, and offer a prediction for the role it may play in the ftiture of
American jurisprudence.

So why does this matter? Why should lawyers spend their scarce time
trying to understand cutting-edge science when the function of a legal
professional can seem so insulated from the modem technological world?
Because that isolation cannot and should not last for much longer.

From science is derived understanding and ability unimaginable to
previous generations. It is commonplace to observe that new technologies
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have made the world today dramatically different from that of a mere
generation ago. The truism can scarcely be avoided in any predictive work.
In fact,, if anything, the pace of technological innovation is increasing. For
example, the number of patents for inventions (known as utility patents)
granted between 1990 and 2010 increased 243%, from 90,365 to 219,614.^
Some scholars and mathematicians have theorized that we have reached a
tipping point and, barring catastrophic events, this innovation inertia will
only increase.^ As it is, the pace of change is astonishing. For example, the
Human Genome Project, founded in 1990, took thirteen years to completely
sequence our genetic makeup.** All told, the United States spent $437
million on the project, exclusive of construction costs.^ The project was so
important that the completion of the initial sequencing in 2000 was
announced jointly by President Bill Clinton and Prime Minister Tony
Blair.^ On January 10, 2012, less than a decade after the completion of the
project, the company Life Technologies unveiled a machine capable of
sequencing an individual's genome in one day, at a cost of around $1,000.'
While it is easy to assert that technology changes quickly, these numbers
reveal the astounding rapidity with which technology evolves. Given the
pace of change, and the inseparability of technology from modem life, it is
imperative that the legal profession prepare to assimilate the paradigm
shifts coming at the hands of scientific advancement.

For the legal profession, there is perhaps no more promising field of
research than cognitive neuroscience. Neuroscience is the study of the
nervous system.^ Cognitive neuroscience concerns itself with how

^ Table of Annual U.S. Patent Activity Since ¡790, U.S. PATENT & TRADEMARK OFFICE,

http://www.uspto.gov/web/offices/ac/ido/oeIp/tafi'h counts.htm (last updated Mar. 27,2012).
^ See Ray Kurzweil. Law of Accelerating Returns, LtFEBOAT FOUND. (Mar. 7, 2001),

http://lifeboat.conD/ex/law.of.accelerating.retums. Ray Kurzweil, scientist, inventor, and ftiturisi,
suggests that technological change is exponential rather than linear. Id.

•" Human Genome Project Information, OAK RIDGE NAT'L LAB., http://www.oml.gov/
sci/techresources/Human_Genome/home.shtml (last visited Oct. 26,2012).

* Human Genome Project Budget, OAK RlDGE NAT'L LAB., http://www.oml.gov/
sci/techresources/Human_Genome/project/budget.shtmI (last visited Oct. 26, 2012).

* Press Release, White House, President Clinton Announces the Completion of the First Survey of
the Entire Human Genome: Hails Public and Private Efforts Leading to This Historic Achievement
(June 25, 2000), available at http://www.oml.gov/sci/techresources/Human_Genome/projeci/
Clinton I.shtml.

' See Matthew Herper, Not Quite the $¡,000 Genome, but Maybe Close Enough, FORBES (Jan. 10,
2010, 8:15 AM), http://www.forbes.com/sites/matthewherper/2012/0l/10/notHquite-the-I000-genome-
but-maybe-c lose-enough/.

* See Neuroscience, MERRIAM-WEBSTER, http://www.merriam-webster.com/medical/neuroscience
(last visited Oct. 26, 2012) (defining neuroscience as "a branch (as neurophysiology) of science that
deals with the anatomy, physiology, biochemistry, or molecular biology of nerves and nervous tissue
and especially their relation to behavior and learning").
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biological processes are related to cognition. In a very real sense, cognitive
neuroscience is to human behavior as a unified field theory' is to physics.
This "theory of everything" would bring together many different equations
to correctly predict the outcome of a given interaction of physical forces. In
the same way, cognitive neuroscience is influenced by many different
academic disciplines as it attempts to understand human behaviors through
the mechanical workings of the brain. It sits at a locus between the
psychologists' study of human behavior and biologists' study of human
anatomy. It elicits great excitement among philosophers and neurologists
alike,'" and has the potential to produce breakthroughs that radically alter
the human condition. Indeed, some scholars have predicted that
neuroscience will someday come to "dominate the entire legal system.""

The incredible complexity of the brain led James D. Watson to call it
"the last and grandest biological frontier, the most complex thing we have
yet discovered in our universe."'^ That complexity also meant that the
precise ftinction of the brain was deeply misunderstood throughout the
course of human history. While we have known for some time that the brain
is used for much more than just cooling the blood, as Aristotle once
believed,'^ cognitive neuroscience is still in its relative infancy.''' The
instruments necessary to properly study a living brain have only been in use
for around fifty years, and arguably were too primitive to do more than
scratch the surface until twenty years ago. Perhaps unknown to the lay
population, however, we are in the midst of a great revolution of scientific
understanding about the inner workings of the brain.'^ This is thanks in no
small part to the invention of functional magnetic resonance imaging

' Unified field theory is the term coined by Albert Einstein for a single model of physics that
accounts for all forces and particles. See Walter B. Clausen, New Concept of Cosmology Is Enunciated
by Einstein, ST. PETERSBURG TIMES, Feb. 4, 1931 (on file With author).

'" See Eric K. Gerard, Waiting in the Wings? The Admissibility of Neuroimagery for Lie Detection,
27 DEV. MENTAL HEALTH L. 1,2 (2008).

' ' See MICHAEL S. GAZZANIGA, THE ETHICAL BRAIN; THE SCIENCE OF OUR MORAL DILEMMAS 88

(2006).
'̂  James D. Watson, Foreword to SANDRA ACKERMAN, NAT'L ACAD. OF SCIS., DISCOVERING THE

BRAIN, at iii (1992).

'̂  ARISTOTLE, On Sleep, in THE COMPLETE WORKS OF ARISTOTLE (Jonathan Barnes ed., 1984)
("For the brain, or in creatures without a brain that which corresponds to it, is of all parts of the body the
coolest. Therefore, as moisture turned into vapour by the sun's heat is, when it has ascended to the upper
regions, cooled by the coldness of the latter, and becoming condensed, is carried downwards, and turned
into water once more; just so the waste exhalation, when carried up by the heat to the region of the brain,
is condensed into phlegm . . . .").

" See Henry T. Greely, Law and the Revolution in Neuroscience: An Early Look at the Field, 42
AKRON L. REV. 687, 688 (2009).

'̂  Id
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("fMRI") technology that allows scientists to observe the operation of a
brain in realtime.'^

For researchers, fMRI represents the latest and greatest in a line of non-
invasive scanning technology that allows them to study the functioning of
the human brain.'^ The great promise of fMRI technology is demonstrated
by the tremendous increase in its use to conduct research.'^ With this
technology scientists are able to observe the systems of the brain as it
interprets the world, makes decisions, and responds to stimuli. The ability
to observe the mechanical corollaries underpinning human decision-making
has opened a world of potential understanding that scientists are only just
now beginning to explore. This Note will survey the existing landscape of
cognitive neuroscience as it relates to lie detection and probe how those
discoveries may impact the law.

The goal of this Note is to develop an understanding of lie detection
technology to show where we were, where we are, and where we should be
heading. Part n tracks the relatively recent phenomenon of using scientific
instruments and methods for the purpose of lie detection. It will attempt to
impart an understanding of key differences between older methods of lie
detection and more modem methods based on the use of active brain scan
technology such as fMRI. Part III analyzes the current landscape of
admissibility for information gained from such techniques. After a brief
analysis of the old standard for admissibility of evidence based on a novel
scientific technique set forth in Frye v. United States,^^ this Part will focus
on the modem standard announced in Daubert v. Merrell Dow
Pharmaceuticals^^ and subsequent cases. Part IV deals with the range of
concems, from ethical to institutional, that have been voiced about
neuroimaging-based lie detection, and offers a model for how courts should
proceed.

II. How Do THEY DO THAT?

The human quest for the ability to divine truth from falsehood is long
and often barbaric.^' Medieval English courts would test a suspected liar by

•* W. at 694.

" Henry T. Greely & Judy liles, Neuroscience-Based Lie Detection: The Urgent Need for
Regulation, 33 AM. J.L. & MED. 377, 379 (2007).

'̂  5ee/i/. at 379-80.
" Frye v. United States, 293 F. 1013 (D.C. Cir. 1923).
^̂  Daubert v. Merrell Dow Pharm., Inc., 509 U.S. 579 (1993).
'̂ See Benjamin Kleinmuntz & Julian J. Szucko, Lie Detection in Ancient and Modem Times: A

Call for Contemporary Scientific Study, 39 AM. PSYCHOLOGIST 766, 766-67 (1984).
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making them walk on hot coals; if the coals caused bums, the suspect was
lying.̂ ^ Fire was not the only choice suspects had to prove their innocence.
They could instead elect to be tied in a sack and thrown into a body of

^̂  The belief was that a liar would float while a truthful person would
.̂ '' Neither choice offered much advantage to the innocent suspect.
The motivation for distinguishing lie from truth is self-evident. The

ubiquity of deception^^ in the human experience even gives rise to pop
culture explorations of what life would be like if humans were incapable of
lying.^* This same question is one that has tantalized legal and philosophical
minds forever. Time and again, solutions to the complication of human
deception have captured popular imagination.^^ Frequently they claim
special scientific or metaphysical validity. The unique, seductive, and
unsuccessful history of lie detection should not—and does not—go
unnoticed.^^ There is a well-founded caution ingrained into the public
psyche regarding such claims. This caution is often at odds with another
significant aspect ofthat psyche: humans are inexorably drawn to claims of
innovative new techniques that can flnally offer bona fide deception
detection.^' From the polygraph to voice-stress to thermal facial analysis to
flVlRI, each new innovation has inspired new claims of efficacy.^" Such
claims must be considered with a careftil, scientific method before the
product of their application can be allowed anywhere near a courtroom.

Through the years there have been many attempts to develop more
scientific methods of lie detection. The ancient Chinese required suspected
liars to put a handftil of rice in their mouth to test whether lie-induced
anxiety resulted in decreased salivation.^' Franz Joseph Gall attempted to
discern the composition of the brain (and thereby a person's character) by

^̂  Elizabeth B. Ford, Lie Detection: Historical, Neuropsychiatrie and Legal Dimensions, 29 INT'L
J.L. & PSYCHIATRY 159,165 (2006).

" Id
" Id
" A poll in 1996 found that 90% of Americans interviewed admitted to sometimes being deceitful.

CHARLES V. FORD, LIES! LIES!! LIES!!!: THE PSYCHOLOGY OF DECEIT 4 (1996). Presumably, the other

10% were lying to themselves.
" See THE INVENTION OF LYING (Warner Bros. Pictures 2009).
^' See Larry Dossey, Neurolaw or Frankenlaw? The Thought Police Have Arrived, 6 EXPLORE 275,

275 (2010), available at http://www.explorejoumal.com/article/S1550-8307(10)00137-0/ñilltext.
Curiously, Wonder Woman, the comic book heroine whose Lasso of Truth compelled all caught therein
to tell no lies, was created by William Moulton Marston, the American psychologist widely credited
with inventing the polygraph. Id.

*̂ See Margaret Talbot, Duped: Can Brain Scans Uncover Lies?, NEW YORKER, July 2, 2007, at
58, available at http://www.newyorker.com/reporting/2007/07/02/070702fa_fact_talbot.

" See id at 53.
'» See id
•" Ford, supra note 22, at 165.
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measuring the size and shape of the skull, a technique known as
phrenology.^^ Researchers have experimented with facial microexpressions,
handwriting analysis, hypnosis, sodium amytal (tmth serum), polygraphy,
thermal imaging, electroencephalography (used for a technique called Brain
Fingerprinting), and more.̂ "* The most common trait of these many varied
techniques is that none has, to date, shown itself sufficiently advantageous
to merit widespread usage. Although in its early stages, neuroimaging-
based lie detection has a chance to change all that.

While historical context is important, this Note is primarily concerned
with the promises and perils of fMRI-based cognitive neuroscience.
Functional Magnetic Resonance Imaging is a method of scanning that uses
magnetic fields and is able to trace the movement of blood through the
subject."''̂  By tracking what parts of the brain are filled with oxygenated
blood, researchers believe they can track the pattern of neuronal activation
while the subject is presented with stimuli.^^ Because different portions of
the brain are activated for different behavioral purposes, cognitive
neuroscientists are able to ask a question and literally observe one's brain
process a response. Before discussing neuroimaging in greater depth, it is
key to understand the history and application of polygraphy—long the
subject of legal and societal interest—so that a distinction may be made
between the two.

The ultimate aim of this Note is not solely to illustrate the past and
present state of scientific lie detection, but to offer a prediction for what the
future holds. To that end, it is important to consider the most recent entrant
into the field of neuroimaging: Functional Near-Infrared Spectroscopy
("fNIR" or "fNIRS"). Like fMRI, fNIR is able to observe what parts of the
brain are being fed oxygenated blood (thus, what parts of the brain are
undergoing neuronal activation). Unlike fMRI, fNIR is portable, quiet,
cheap, and potentially wireless.^^ Each of these aspects is key to taking lie
detection technology out of the labs and into the field. It is the new
developments in fNIR technology that offer the most exciting prospect for
making accurate lie detection a reality in our lifetime because, when
combined with fMRI-facilitated research, fNIR "will permit more

^̂  W. at 166.
" 5eeiW. at 165-70.

See Paul Root Wolpe et al., Emerging Neurotechnologies for Lie-Detection: Promises and
Perils, 5 AM. J. BlOETHlCS 39, 44 (2005).

" Id
Farzin Irani et al.. Functional Near Infrared Spectroscopy (fNIRS): An Emerging Neuroimaging

Technology with Important Applications for the Study of Brain Disorders, 21 CLINICAL
NEUROPSYCHOLOGIST 9, 10(2007).
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individuals to be evaluated in comfortable, ecologically valid environments
without the constraints associated with traditional scanning
environments."^^

A. Polygraph Tests

In light of its widespread use in pop culture, many people have at least a
basic notion of what a polygraph examination is and how it is conducted.
There is some dispute as to who developed the first polygraph machine, but
many people point to Harvard psychologist William Moulton Marston's
work on the link between blood pressure and lying.̂ ^ Modem polygraph
tests^' measure a subject's physiological response under interrogation in
order to spot abnormalities indicating the subject has lied."" One theory is
that subjects attempting to lie to the interrogator will experience a reaction
that changes their blood pressure, heart ratej respiration rate, or galvanic
skin response"" in relation to a baseline reading.*^ These are all elements of
the peripheral (as opposed to central) nervous system."*̂  Thus, whether an
answer is judged to be a tmth or a lie depends to some degree on the
subjective emotional response of the person answering the question.
Relying on symptoms of anxiety limits the polygraph's effectiveness.''^

This is the heart of the problem with polygraph examinations—^they
depend heavily on the skill of the examiner at exerting psychological
pressure and the susceptibility of the examinee. Furthermore, the
physiological responses that a polygraph relies upon are not unique to
deception.''^ Therefore, it is possible to undertake a wide range of
countermeasures that can dismpt a polygraph test."** Even in the absence of

" Id
'* Greely & liles, supra note 17, at 385-86.
" The term for the entire process is "polygraph examination," while the interrogation itself is

referred to as the "polygraph test." See NAT'L RESEARCH COUNCIL, THE POLYGRAPH AND LIE
DETECTION 12-13(2003).

'" Id
'" Galvanic skin response measures the electrical conductance of the skin. Nandita Sharma & Tom

Gedeon, Objective Measures, Sensors and Computational Techniques for Stress Recognition and Classification:
ASurvey, 108 COMPUTER METHODS & PROGRAMS IN BlOMEDICINE 1287, 1289-90 (2012). Because the sweat
glands are controlled by the sympathetic nervous system, there is an unconscious reaction in response to
certain feelings or emotions, including the nervousness that often accompanies a lie. Id.

•"̂  NAT'L RESEARCH COUNCIL, supra note 39, at 13.

•" See Daniel D. Langleben, Detection of Deception with fMRI: Are We There Yet?, 13 LEGAL &
CRIMINOLOGICAL PSYCHOL. 2, 2 (2008).

** D.D. Langleben et al.. Brain Activity During Simulated Deception: An Event-Related Functional
Magnetic Resonance Study, 15 NEUROIMAGE 727, 727 (2002).

••̂  NAT'L RESEARCH COUNCIL, supra note 39, at 212.

•" Id. at 139 (listing examples of countermeasures designed to disrupt the accuracy of a polygraph
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countermeasures, the interactive nature of the polygraph examination is
prone to a psychological phenomenon known as the interpersonal
expectancy effect.**̂  This phenomenon was first proposed by Professor
Robert Rosenthal of Harvard University. His experiment showed that when
teachers were led to believe certain randomly chosen students in their class
were highly intelligent, those students had a higher rate of increase in
intelligence testing scores as compared to their peers.**̂

The implication for polygraph testing is that the expectations of the
test-giver can unconsciously influence not only the interpretation of the
test, but also the physiological responses of the test subject. Thus, in a real-
world law enforcement situation where a polygraph test-giver is likely to
have formed some opinion about the guilt or innocence of the subject, that
opinion can influence the outcome of the test. It follows that even
generalized biases for or against a test subject (such as racism) may
potentially influence the outcome, regardless of actual guilt or innocence.

So strong is the desire for some scientiflc method of determining fact
from falsehood that, despite the many problems associated with polygraph
tests, there are still several hundred thousand administered each year in the
United States alone.**' In fact, although a National Research Council
committee recommended against the use of polygraphy in national security
screening, the federal government continues widespread use of the
technique.^^ Clearly there is a need for a better solution.

B. Functional Magnetic Resonance Imaging Tests

A functional magnetic resonance imaging lie detector test operates on
completely different principles than a polygraph test; while the polygraph
test can be said to measure the response of the body to a question, an fMRI
test measures the reaction of the brain itself. The test is conducted by
placing the subject into the bore of an MRI machine.^' The machine uses
electrical magnets to generate two magnetic flelds that cause hydrogen
nuclei contained in the body's water to resonate.^^ Those resonating nuclei
emit radiofrequency signals that are then measured and reconstructed into a

reading, including using drugs or alcohol, controlling breathing, biting one's tongue during the
interview, counting backwards, and contracting various muscles in the body).

•" Langleben, supra note 43, at 2.
** Robert Rosenthal, Interpersonal Expectancy Effects: A Thirty Year Perspective, 3 CURRENT

DIRECTIONS PSYCHOL. Sci. 176,176(1994).
"' Greely & liles, supra note 17, at 386.
" /rf. at 386-87.
'̂ Langleben, supra note 43, at 2.

" Id
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three-dimensional image." Essentially, each hydrogen atom is rung like a
bell and the resulting sound is used to map its location. The greatest
advantage of fMRI neuroimagery is that it can produce images of the brain
in operation and at far higher resolution than previous technologies.^''

The above elements of the fMRI test are those necessary to make an
image of the brain, but it is a long leap from a static image of the brain to a
recording of one in the process of functioning. In order to make that leap,
scientists rely on blood oxygénation level dependent ("BOLD") contrast."
Although it is an easy shorthand, fMRI does not directly measure brain
activity. Rather, fMRI measures the "metabolic correlates of neural
activity."^* Essentially, areas of the brain that are active require more
oxygen than those that are inactive." While a normal MRI or CT scan
(computerized tomography) capture an image of the physiological structure
of the brain, an fMRI scan is able to observe the brain in action. Essentially,
the neurons in the brain require energy when they are activated.'^ Increased
blood flow carries the energy to in-use areas of the brain in the form of
glucose and the oxygen necessary to use it.'' Thus, regions of the brain that
have an increased flow of oxygenated blood are more metabolically active,
signaling that they are in use. The ability of fMRI machines to distinguish
between the magnetic signal of oxygenated blood and deoxygenated blood
allows them to display the two types of blood in different contrast. This in
turn allows researchers to observe the ebb and flow of blood through the
brain as it moves to power the activation of speciflc regions in response to
outside stimuli.^"

No single characteristic renders fMRI neuroimaging the breakthrough it
has become; rather, it is the unique combination of spatial and temporal
resolution that makes it such a useful tool for neurological study.*'
Researchers use the terms "spatial resolution" and "temporal resolution" to
discuss the clarity of the overall picture painted by the neuroimaging
technology. Spatial resolution is like the focus on a camera—it indicates the
level of detail recorded. Temporal resolution deals with how detailed a
recording is over time. It is like the difference between a camcorder and a

" Id
" Greely & liles, supra note 17, at 379.
" Id at 380.
« Id
" S. Bhatt et al.. Lying About Facial Recognition: An fMRI Study, 69 BRAIN & COGNITION 382,

383 (2009).
'* Greely & liles, supra note 17, at 380.
" Id
'" See id
" 5ee;i/. at 381-82.
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digital camera—both can record images but the camcorder has a higher
temporal resolution because there is less time between each image it
captures. Cognitive neuroscientists are attempting to essentially reverse-
engineer the niost complicated computer ever made by observing
microscopic events that occur sometimes on the order of milliseconds. The
ability to be certain that nothing essential was missed while a neuroscientist
prepares to take another "snapshot" is extremely important.

Functional Magnetic Resonance Imaging has rendered the brain an
open book. As any law professor would confirm, open books can be
misunderstood far more easily than one might imagine. Nevertheless, fMRJ
has given us the tools to see the text, and scientists are rapidly deciphering
the alphabet. It is commonly understood that certain regions of the brain are
involved in certain behaviors. "There is a converging model of deception as
a working memory-intensive task, mediated to a large extent by the
prefronto-parietal systems dedicated to behavioral control and attention."^^
In other words, when we attempt to lie, studies have shown that certain
specific parts of the brain will consistently display BOLD activation that are
not present when we tell the tnith.̂ "* This suggests that we are pre-
programmed to tell the truth and that telling a lie consistently requires
greater brain activation.^ Ultimately, researchers have concluded that
"there is a rieurophysiological difference between deception and truth at the
brain activation level that can be detected with fMRI."^^

There are significant practical drawbacks to the use of fMRI
technology, both in research and in real-world applications. For all of its
promise, researchers in the field of fMRI-based lie detection will be the first
to warn of its pitfalls. Early research has demonstrated susceptibility to
countermeasures designed to deceive the test protocol.^^ Scientists have yet
to determine whether a working brain image is any better at catching a lying
sociopath than a polygraph. Subjects undergoing an flVIRI also need to hold
still, and the equipment needed to administer an fMRI is prohibitively
bulky—it is immobile and expensive.^^ Nevertheless, the technology has
legitimately inspired great excitement both for the rapid leaps in

" J.G. Hakun et al., Towards Clinical Trials of Lie Detection with fMRI, 4 Soc. NEUROSCIENCE
(SPECIAL ISSUE) l, 2 (2008).

" See Langleben et al., supra note 44, at 731.
" See id
« Id
" See Wolpe et al., supra note 34, at 46; see also Giorgio Ganis et al.. Lying in the Scanner: Covert

Countermeasures Disrupt Deception Detection by Functional Magnetic Resonance Imaging, 55
NBUROlMAGE 312, 317-18 (2011 ).

" Irani et al., supra note 36, at 10.
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neurophysiology that it has already enabled and for the great potential it
holds.

C. Functional Near Infrared Neuroimaging

Functional near-infrared spectroscopy is a particularly exciting new
application of technology that seeks to build on the advances in structural
understanding by flVIRI deception researchers.*^ Like flVlRI, fl^IR measures
the localized changes in cerebral blood flow that have been linked to
neuronal activity.*' It is a non-invasive technique that relies on the ability of
near-infrared light to harmlessly penetrate the skin and skull.™ When the
light is projected at a specific wavelength, it is absorbed by hemoglobin in
the blood, allowing researchers to quantify both spatially and temporally the
movement of blood associated with neuronal activation.^' Although fNIR is
not capable of penetrating deeply into the brain (thus providing a whole-
brain structural picture), it is capable of penetrating deeply enough to
observe the operation of the prefrontal cortex.'^ Therefore, despite the
inability to image the entire brain, fNIR is able to observe the same location
in the cortex being focused on in fMRI lie detection studies.^^

Although fNIR technology cannot provide a comprehensive spatial
scan, one advantage is that it has excellent temporal resolution (at a level of
milliseconds).^'' Nor does the infrared light used interact signiflcantly with
electromagnetic interference, a fact that theoretically could allow fNIR lie
detection to be used in conjunction with a variety of other testing
methods." Importantly, fNIR is able to achieve all this with only a fraction
of the cost of an fMRl.̂ * More importantly, fNIR equipment is portable and
comparatively straightforward;" it does not even require that the subject be
still during analysis.^^

'* This application of fNIR technology—indeed its utility as a clinical diagnostic tool in general—
is part of a long, technical evolution. See generally Martin Wolf & Marco Ferrari, Progress of Near-
Infrared Spectroscopy and Topography for Brain and Muscle Clinical Applications, 12 J. BIOMEDICAL
OPTICS 1 (2007).

" Fenghua Tian et al.. Functional Near-Infrared Spectroscopy to Investigate Hemodynamic
Responses to Deception in the Prefrontal Cortex, 1303 BRAIN RES. 120, 121 (2009).

™ Id
" See id
" See id
" See id
'" Id
" Irani et al.,.SMpra note 36, at 10.
' ' Id
" Tian et al., supra note 69, at 121.
'« See id
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The advantages are obvious; for the purposes of lie detection, fMRI and
fNIR are an excellent match. What one technique lacks, the other is ready-
made to accomplish. Where fMRI technology lacks portability, ÍNIR
equipment can fit in the trunk of a car. While fNIR cannot provide a
comprehensive enough picture of the working brain to rule out variables,
fMRI can allow scientists to create a veritable road map of the brain. Armed
with such a map—assuming that the strong evidence of prefrontal cortex
activation as a reliable index of deception is not undermined by new data—
fNIR is well-suited to taking the theory on the road and capturing real-
world data for testing. Further, considering the practical advantages of fNIR
equipment, if we confirm a reliable indicia of deception, it would be fNIR
technology that would ultimately be deployed in the field.

III. How Do WE KNOW IF WE SHOULD LET THEM DO THAT?

A. Standards for the Admissibility of Scientific Evidence

In order to retain its general applicability, this Note will concentrate on
the federal standards for the admissibility of scientific evidence. Federal
Rules of Evidence 403 and 702 provide the applicable rules. Rule 403 deals
with when a court may exclude relevant evidence.'^ Its operation relies
heavily on precedent and the discretion of the court. The operation of Rule
702, with respect to novel scientific developments, is dominated by the
history of two cases.

1. The Frye Standard

For seventy years, courts determined the admissibility of scientific
evidence largely by the application of the Frye test.̂ ** This test emerged
from a 1923 case before the District of Columbia Court of Appeals
addressing the admissibility of a systolic blood pressure deception test.^'
Appropriately enough, a systolic blood pressure deception test was an early
precursor to the polygraph test.̂ ^

In Frye, defendant James Alphonzo Frye appealed a conviction for
murder on the grounds that the lower court had not allowed an expert

See FED. R. EviD. 403. Relevant evidence is defined in Rule 401 as evidence that makes a fact of
consequence to determining the action more or less probable. FED. R. EviD. 401. Rule 402 makes all
relevant evidence admissible unless otherwise provided. FED. R. EviD. 402.

^° Daubert v. Merrell Dow Pharm., Inc., 509 U.S. 579, 585 (1993).
'̂ Frye V. United States, 293 F. 1013, 1013 (D.C. Cir. 1923).

" Daubert, 509 U.S. at 585.
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witness to testify as to the results of a systolic blood pressure lie detector
test.̂ ^ The defendant underwent the lie detector test prior to trial.^" Defense
counsel attempted to call the scientist who administered the test to testify as
an expert witness regarding the results.^^ The trial court judge did not allow
this testimony.^* The Frye court upheld this decision but declared that such
expert testimony could be allowed if it were derived fi'om a scientific
method that was "sufficiently established to have gained general acceptance
in the particular field in which it belongs."" The court acknowledged the
immediate problems that this posed: What exactly does "general
acceptance" mean?^^ How are judges with little scientific training supposed
to be able to make that determination? The court did not offer further

89

guidance.
In the years following the Frye decision, the proper role and true

meaning of the test were the subject of extensive debate.'" It was such a
perennial subject of discussion that those who partook became known as
"Frye-ologists."" Over the years there developed "sharp divisions among
the courts regarding the proper standard for the admission of expert
testimony."'^ As the Third Circuit put it, the Frye test "suffer[ed] fi-om
serious fiaws" because it was "too malleable to provide the method for
orderly and uniform decision-making envisioned by some of its
proponents."'^ With so many scholars proposing improvements, the Frye
test was clearly ripe for a challenge.

2. The Daubert Sta.nda.Td

Surprisingly, considering the extensive scholarly debate, the Frye test
remained the rule in federal court for seventy years. Although widely
distinguished or abandoned in state courts, it was not until 1993 that the
Supreme Court held that Frye no longer controlled.''' In Daubert v. Merrell
Dow Pharmaceuticals, the Supreme Court held that the Frye test had

e, 293F. at 1013.
*'' Id at 1014.
" Id
'' Id
" Id
'' See id
*' Id. ("Just when a scientific principle or discovery crosses the line between the experimental and

demonstrable stages is difficult to define.").
'" Daubert v. Merrell Dow Pharm., Inc., 509 U.S. 579, 586 (1993).
" Id at 587 n.4.
" W. at 585.
" United States v. Downing, 753 F.2d 1224, 1237 (3d Cir. 1985).
'•* Daubert, 509 U.S. at 587.
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actually been superseded by tbe adoption of the Federal Rules of Evidence
in 1975.̂ ^ Tbe Court rejected Frye's "general acceptance" test as tbe
exclusive measure of admissibility, but acknowledged tbat it could still play
an important role in tbe decision wbetber a scientific tecbnique is reliable.^^
Instead of "general acceptance," trial judges sbould decide at tbe outset
"wbetber tbe expert is proposing to testify to (1) scientific knowledge tbat
(2) will assist tbe trier of fact to understand or determine a fact in issue."^^
Tbat means tbat tbe "testimony is scientifically valid and . . . properly can
be applied to tbe facts in issue."^^ Tbis decision must be made pursuant to
Rule 104(a),̂ ^ wbicb provides tbat a judge sbould decide "[pjreliminary
questions concerning . . . tbe admissibility of evidence."'*'^ Tbe Court
derived tbe rule fi-om a reading of Rule 702.'°'

Tbe Daubert Court articulated a list of four factors for lower courts to
consider in evaluating tbe scientific validity of a proposed expert opinion:
(1) wbetber a tecbnique bas been properly tested; (2) wbetber it bas been
subjected to peer review and publication; (3) tbe error rate of tbe tecbnique;
and finally (4) wbetber tbe tecbnique bas gained general acceptance in tbe
relevant scientific community.'^^ Tbe list was intended to be instructive
ratber tban exbaustive,"'^ and was meant to offer flexible guidelines to aid
lower courts in tbeir inquiry.'^

B. How Have Courts Ruled on Neuroimaging Evidence So Far?

No United States court bas yet made expert testimony on
neuroimaging-based lie detection tests admissible. One court tbat bas at
least considered tbe issue—one of tbe few—is tbe United States District
Court for tbe Western District of Tennessee.'^^ Tbat court ruled on tbe

" Id at 5S7.
^ Id al 594.
" W. at 592.
'' W. at 593.
^ Id at 592.

' " FED.R.EviD. 104(a).
"" Daubert, 509 U.S. at 589-92. Rule 702 allows expert testimony when "(a) the expert's scientific,

technical, or other specialized knowledge will help the trier of fact to understand the evidence or to
determine a fact in issue; (b) the testimony is based upon sufficient facts or data; (c) the testimony is the
product of reliable principles and methods; and (d) the witness has applied the principles and methods
reliably to the facts of the case." FED. R. EVID. 702.

'°^ Daubert, 509 U.S. at 593-94.
•°̂  Wat593 .
'« See id
"" See United States v. Semrau, No. 07-10074 Ml/P, 2010 WL 6845092, at *1 (W.D. Tenn. June 1,

2010).
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admissibility of expert witness testimony by Dr. Steven J. Laken.'"^ Dr.
Laken is the President, CEO, and founder of Cephos Corporation,'"^ a
company that offers, among other things, fMRI lie detection services."*^ Dr.
Laken was engaged as an expert witness for the defense to testify about a
series of fMRI lie detection tests he had administered to the defendant,. Dr.
Semrau.'"' After conducting a Daubert hearing, the court granted the
government's motion to exclude Dr. Laken's testimony.""

In granting the motion to exclude Dr. Laken's testimony, the court
explained its gatekeeping role in a post-Daubert world. This role is two-
fold: first, the court must find that the testimony is reliable, and second, the
court must find that the expert's opinion is relevant to the issue at hand.'"
The court held that Dr. Laken was a qualified expert as required by Rule
702."^ Nevertheless, the court excluded his testimony because "at least at
this early stage in its development, [fMRI-based] lie detection does not
satisfy the requirements of Rule 702.""^

The court found that fMRI-based lie detection satisfied the first two
Daubert factors (that a technique has been tested and subjected to peer
review)."'' The nature of the laboratory testing used to develop the
techniques, and a list of peer-reviewed articles, satisfied those two factors,
respectively."^ The biggest issue for the court appeared to surround the
third Daubert factor (the technique's rate of error and the existence of
standards governing its operation)."^

The court found the lack of real-world data in current fMRI lie
detection literature problematic, noting that such reservations are also
commonly held among the community of scientists conducting the
research."^ The controlled environment of studies to date implicated a
number of significant questions yet to be answered by scientists: Are the
results equally valid among all groups or just the pre-screened participants?
Is the test effective with a drug-addicted subject? What role does the

'"* Id
'"' M a t * 3 .
'"' Id. Cephos Corporation is one of the two main companies known to offer this service; No Lie

MRI is the other. See Frederick Schauer, Can Bad Science Be Good Evidence? Neuroseience, Lie
Detection, and Beyond, 95 CORNELL L. REV. 1191,1198-99 (2010).

"" 5emraw, 2010 WL 6845092, at »4.
"° W. a t ' l .
' " / ¿a t •9 -10 .
"^ /dat*10.
"^ Id
'" Id
"' Id
' " See ¿¿at »11-12.
' " See id at*ll.
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method of asking questions play in determining the outcome of the test?
Does the location of the test matter? Does age matter?"^

The court concluded its analysis by asking the fourth Daubert question:
Whether fMRI-based lie detection had yet gained widespread acceptance in
the scientific community."^ The court held that it had not.'̂ ^ Therefore, the
court ruled that Dr. Laken's testimony was inadmissible under Rule 702.'^'

Another hurdle for fMRI-based lie detection to clear is whether it is
excludable under Rule 403 even if it is admissible unàQX Daubert. Rule 403
is independent of a Daubert analysis because it addresses prejudice rather
than the merits of the evidence itself'^^ The court ultimately concluded that
the risk of prejudice substantially outweighed any probative value of
allowing Dr. Laken*s testimony.'^^ It held that the fact that the government
had no opportunity to participate in the examination, combined with Dr.
Laken's admission that results unfavorable to Dr. Semrau would not have
been released, amounted to unfair prejudice against the government.'^'*

IV. WHERE SHOULD WE BE GOÍNG?

A. Critique of the Daubert Standard

One potential problem with the Daubert standard is that it undermines a
key motivation behind the research and development of new technologies
targeted towards the courtroom: profit. The American economy is built on
the free market principle that profit motive drives innovation. When
deciding where to invest, venture capitalists have to consider both the rate
of return and its likelihood. In light of the legal profession's historical
disapproval of truth-telling devices, the high bar established in Daubert
represents a significant risk to any return on investment—even if a useful
and successful method of discerning the truth is devised, it may not be
foolproof enough in the eyes of the judiciary to merit inclusion in the
courtroom. This is especially so in light of the risk of prejudicing the jury
posed by such a device. In turn, inadmissibility in the courtroom means
such a technique is significantly less useful to law enforcement.

5ce Ii/. at • n .
See id
SeeidaX.*\A.
See United States v. Sherlin, 67 F.3d 1208, 1217 (6th Cir. 1995).
5e/nraw, 2010 WL 6845092, at •16.
W. at*14.
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For-profit ventures are by no means the sole author of technological
innovation. The federal government spends billions to fund research, the
largest portion of which goes to projects relevant to national defense.'^^
Even so, the costly nature of developing a complicated neuroscience-based
truth-telling device represents a significant bar to the advancement of the
technology.

One of the most common notes of caution in the literature regarding
fMRI lie detection is that there have not been real-world trials. Many of the
subjects for the studies have been graduate students or volunteers, and this
is potentially a serious flaw. If cognitive neuroscience is the study of the
link between brain structure and behavior, obviously one must consider the
possibility that the actions of criminals may be related to underlying
structural abnormalities. The cost and scope of such real-world trials would
be substantial, regardless of the technology used to carry them out. Further,
the need for access to the criminal justice process would require that anyone
attempting the study have at least a good working partnership with a law
enforcement or security organization.

Securing such a close working relationship may not present a big
hurdle. For obvious reasons, military and national security agencies have
taken a keen interest in the potential benefits of neuroimaging-based lie
detection.'^^ The best solution may be for a government entity to carry out
the research; such an entity would have the authority and funding to
effectively pursue the project.

B. Barriers to Neuroimaging-Based Methods of Lie Detection

1. Ethical Issues

Mind-reading technology has long been the stuff of dystopian
nightmares. Perhaps by virtue of our immigrant heritage, Americans have
always had a more libertarian-minded view of personal freedom than much
of the world. We idealize the individual where other cultures emphasize the

' " See William Jackson, R<ScD Funding on the Rise in 2013 Budget Proposal, DEF. SYS. (Feb. 14,
2012), http://defensesystems.com/articles/2012/02/13/2013-budget-science-technology-research-fiinding.aspx?
admgarea=DS (noting that the Obama Administration has requested $140.8 billion for research and
development, $65 billion of which is for non-defense projects).

'^' See Science & Technology Directorate Human Factors/Behavioral Sciences Division, U.S.
DEP'T OF HOMELAND S E C , http.//www.dhs.gov/xabout/structure/gc_1224537081868.shtm (last visited
Oct. 26, 2012). Indeed, the Department of Homeland Security's Science & Technology Directorate has
an entire division devoted to "developing and applying the social, behavioral, and physical sciences to
improve identification and analysis of threats, to enhance societal resilience, and to integrate human
capabilities into the development of technology." Id.
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collective good. It is no surprise, then, that we would have a cultural
discomfort with anything that appears to invade the sanctity of the mind.
While it is by no means mind-reading technology in the popular sense,
neuroimaging-based lie detection does represent an invasion of sorts. It
attempts to neutralize our greatest defense of our inner thoughts: our option
to lie.

Despite our cultural unease with invasions of privacy, Americans (and
the larger world) are enthusiastically adopting a way of life where privacy
grows less regarded by the day. We accept (or at least allow) companies to
track and analyze profound amounts of consumer information about us.'^'
We broadcast accounts of our daily lives on social media, and once the
information is on the Internet our ability to control it is virtually gone.'^^
Overreaching intrusions into online privacy have gotten so out of hand that
the White House has proposed a "Consumer Bill of Rights" to deal with the
problem.'^^ These serve to illustrate the degree to which our lives have
become integrated with technology that connects—and exposes—us to the
outside world. Gadgets play a greater role in our lives than ever; it stands to
reason that acceptance of technology-based solutions to law enforcement
problems would concomitantly increase. While previous generations may
be reluctant to accept facially invasive technology such as fMRI-based lie
detection, more recent generations have grown up in a world rife with high-
tech solutions. They may be prone to viewing neuroimaging-based lie
detection as merely another product of the modem age to be embraced or
rejected solely on its merits. If that is the case, the profound advantages to
accurate lie detection would make their decision an easy one.

2. Evidentiary Issues

Perhaps the most complicated issue raised by the application of
neuroimaging-based lie detection is that of the Fifth Amendment protection
against self-incrimination in a criminal case. The Fifth Amendment
provides that a person shall not be "compelled in any criminal case to be a
witness against himself."'"*^ What, then, do you do with a technology that

' " See Charles Duhigg, How Companies Learn Your Secrets, N.Y. TIMES MAC, Feb. 19, 2012, at
MM30, available at hlipy/www.n>times.com/2012/02/19/magaztne/shopping-habits.html?_r=2&pagewanted
=l&hp.

'̂ ^ See Jacqui Cheng, Over Three Years Later. "Deleted" Facebook Photos Still Online, ARS
TECHNICA (Feb. 5, 2012, 7:00 PM), http://arstechnica.com/business/news/2012/02/nearly-3-years-later-
deleted-facebook-photos-are-still-online.ars.

'^' Ryan Singel, White House Privacy Bill of Rights Brought to You by Years of Online Debacles,
WiRED(Feb. 23,2012,4:56 PM), http://www.wired.com/threatlevel/2012/02/pHvacy-bilI-of-Hghts/.

'̂ *' U.S. CONST, amend. V.
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can give the lie to every protestation of innocence? The first question is
whether to consider the product of such testing as physical or testimonial
evidence.'^' If neural activity is treated as merely another physical thing, no
different fi'om a fingerprint left at the scene of a crime, then perhaps the
product of neuroimaging-based lie detection should share the same
standards as any physical examination.

Even though cognitive neuroscience is pointing towards an
understanding of the mind as a physical thing, observable and capable of
being analyzed, it seems unlikely that such an interpretation would ever be
acceptable for purposes of the Fifth Amendment. Such an interpretation
would take nearly all meaning fi-om the privilege against self-
incrimination.'^^ It is far more likely that courts will treat neuroimaging-
based lie detection as testimonial evidence and thus covered by the Fifth
Amendment.

Some scholars have suggested that judges should make use of their
power under Rule 706 of the Federal Rules of Evidence to appoint experts
to provide technical guidance, facilitating the court's gatekeeping role.'''^
Such an arrangement presents a number of clear advantages, first among
them being that it gives the judge access to technical expertise. Moreover, a
judge may be less likely to err on the side of caution with respect to
admissibility if they have someone less clearly influenced by the adversarial
system to provide them with scientific context.

If the issue of admissibility is ultimately about the utility of
neuroimaging-based lie detection in courtrooms, then perhaps the central
question should not be whether such methods are completely accurate, but
rather whether they are more accurate than a jury. Suppose there were a
study comparing the ability of a jury to accurately spot falsehood with the
accuracy of an fMRI lie detection test. Absent other factors, if the jury were
even a little less accurate than the mechanical test, permitting such tests
would theoretically bring immediate benefit for administering justice. A
perfectly rational jury would be able to weigh the results of the test, making
a precise accounting for the risk of error or countermeasures, and use those
results as a tool to properly interpret witness testimony. Clearly this would
lead to better outcomes. Unfortunately, theoretical juries capable of such an
informed and dispassionate assessment of such results do not exist. In the

' " John G. New, If You Could Read My Mind: Implications of Neurological Evidence for Twenty-
First Century CriminalJurisprudence, 29 J. LEGAL MED. 179, 193 (2008).

" ' M at 194.
' " See, e.g., E. Spencer Compton, Not Guilty by Reason of Neuroimaging: The Need for Cautionary

Jury Instructions for Neuroscience Evidence in Criminal Trials, 12 VAND. .1. ENT. & TECH. L. 333, 339
(2010).
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real world, people often credit scientific results they do not understand with
more validity than the results actually merit.'"̂ '* It is likely that, if made
admissible, juries would give the product of neuroscientific testing more
weight than it merits.

If neuroscientific evidence is likely to be overvalued by juries, the
natural next question is to ask whether this miscalculation would be any
more harmful to the process than any other bias to which juries may be
prone. After all, one reason juries would overvalue such evidence is its
perceived objective nature—if the alternative is to expose a criminal
defendant to the subjective biases and whims of a jury, does that serve
justice any better? Ironically, the answer may be revealed by another
application of neuroimaging. Scientists have suggested that fMRI scanning
may be able to reveal a person's unconscious biases by observing the
reaction of the brain to certain stimuli.'^^ Widespread studies using these
methods to reveal unconscious bias may finally settle the question of how
much the "human element" plays a role in the execution of justice.

If it is true that widespread application of this type of technology can
counteract the impact of implicit cultural biases in the justice system,
perhaps the most rational position is to embrace this scientific revolution.
The fairness of the average citizen is the bedrock of justice in a jury-based
system. Science may finally be ready to provide us the means to ensure that
fairness.

C. How Will Integration of Neuroimaging-BasedLie Detection Begin?

There are a number of barriers to using neuroimaging-based lie
detection in court, but the biggest question remains: Does it work in the real
world? The answer is that we do not really know yet. Whether out of honest
doubt, jaded awareness of past failures, or cultural bias against what is seen
as the biological determinism of cognitive neuroscientific methods, there is
no shortage of skepticism about the prospects of success. Even so, the
revolution in understanding the brain's function justifies optimism; it shows
that we do not yet know nearly enough to be making definitive
pronouncements about what will happen as the technology develops. One
thing is certain, though. The mechanical repeatability of fMRI results across
multiple individuals strongly implies that there is a common architecture in

'•''* See David P. McCabe & Alan D. Castel, Seeing Is Believing: The Effect of Brain Images on
Judgments of Scientific Reasoning, 107 COGNITION 343, 349 (2008).

' " Jacqueline Sahlberg, Brain Scans Measure Racial Bias, YALE DAILY NEWS, Nov. 14, 2011,
available at http://www.yaledailynews.com/news/201 l/nov/U/brain-scans-measure-racial-bias/.
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the brain, and that its response to stimuli can be mapped with similar
widespread applicability.

The legal profession should, above all else, prepare itself for the
integration of cognitive neuroscientific methods into its conception of what
is routine. It is a short leap to bridge the gap between the drawbacks of
fMRI neuroimaging and the advantages of fNIR methods. The greatest
flaws of the flVLRI process of lie detection—lack of real-world trials, cost,
immobility—appear surmountable by use of fNIR neuroimaging, at least as
pertains to lie detection. When they are, we will finally be able to
understand the full potential of this latest leap forward. The legal profession
should be first in line to embrace this potential revolution in the human
experience. While we should proceed with caution, careful to heed the
warnings of neuroscientists when they conflict with the popular
imagination, the pace of innovation demands that our caution be unhindered
by traditionalism or fear. The line is forming now.

V. CONCLUSION

Perhaps for the last time, academics have exclaimed to the world: We
may finally have found a way to tell truth from lie! In a way that has not
always been done in the past, the researchers working on this issue are
expressing caution up-front. It is a hopeful sign. A breakthrough of the
magnitude at issue demands great care and sober forethought. Nevertheless,
revolutionary changes in the boundaries of human ability have always
required both caution and the fortitude to accept and incorporate new
paradigms. The arc of technological innovation falling rapidly into history
behind us must be appreciated for what it tells us about our new trajectory.
Now, more than ever before, humanity is called to adapt to the unfamiliar.
If the promise of neuroimaging-based lie detection proceeds as seems
likely, we will all be called to adapt to something wholly new and
exciting—a world with verifiable truth.
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