I.  Introduction


In the 1996 science fiction novel The Truth Machine,
 the author describes humanity’s reaction to the invention of an infallible lie detector machine in the year 2024.
  Though we are only in the year 2002, brain-wave science has progressed to the point that a scientist
 professes to have produced a scientific technique that will revolutionize criminal investigations.
  The technique measures a specific type of brain response or brain-wave that produces a pattern called a “brain fingerprint.”
  The technology, called brain fingerprinting, claims that the presence or absence of specific brain-waves in response to stimuli determines whether or not certain information is stored in the person’s brain.  The technology further claims that the presence of the specific brain-waves of interest indicates that the person “recognizes” information encoded in the stimuli and that criminal investigators can then use the information from the brain fingerprinting test to conclude whether or not the subject has been involved in a crime.  While some investigators are eager to have this technology, others are critical that the technology is still in such a nascent form that it should not be used to inculpate or exculpate the accused.  Nonetheless, courts are beginning to face the issue of whether to admit or exclude this scientific evidence.

Though most agree that the brain fingerprinting technology is interesting, it takes little imagination to fathom the profound impact on the search for truth when and if the ability to access and display the brain’s memory banks is achieved.
  Should we hail the technology as scientific lie detection for the 20th century?  Should we celebrate the technology for its potential use in our courts of justice?  Commentators are unsure.  Whether the technology signifies the advent of detecting deception with brain-wave science or the synthesis of the neurosciences with our legal rules of evidence,
 the judiciary is unprepared to rule on its admissibility in court.  Judges are unclear on whether the technology is accurate and reliable enough to admit into evidence.  Should the criminal justice system be embracing the technology as a long-awaited tool for crime fighting or should investigators, attorneys, and judges view it with skepticism?  If there is evidence that the technology is highly accurate, should a federal judge admit it and allow a jury to weigh the evidence?  

Under the current standard of admissibility for scientific evidence, the Daubert standard, federal judges will have to decide whether or not to admit brain fingerprinting into evidence.
  This Note will apply the Daubert standard to the brain fingerprinting procedure to determine whether it should be admitted into evidence in federal courts.
  This Note begins in Part II with a brief review of Daubert, which charged trial judges with the responsibility of acting as gatekeepers to exclude unreliable expert testimony.  This section discusses the basic analysis that Daubert provides, comprising of a non-exclusive list of factors or questions that test the validity and reliability of a science.  Part III introduces the reader to the brain fingerprinting technology.  The discussion begins with background information on the science of psychophysiology, the foundation of brain fingerprinting.  This discussion explains to the legal reader the basic principles of the science and the founding research.  The discussion then moves on to the methodology and scientific procedure of brain fingerprinting.  This section explains the science of measuring the P300 brain-wave, the key scientific component of brain fingerprinting.  Part III ends with an explanation of the scientific principles and rules that a scientist uses in making inferences or conclusions from the results of the brain fingerprinting test.

Part IV of this Note applies each factor of admissibility discussed in Daubert to brain fingerprinting in order to conclude whether or not the test should be admitted into evidence.  Where appropriate, each Daubert factor will be applied to two components of the technology, the P300 brain-wave and the MERMER, a more extensive reading of the brain response measured during the test.  If the Daubert factor only applies to the brain fingerprinting test, the scope of the analysis will be limited accordingly.  Part IV also discusses specific concerns and criticisms coming from the scientific community of psychophysiology.  Part V discusses my conclusion on whether or not brain fingerprinting should be admitted into evidence under the Daubert standard.  Part V also includes a discussion on the trial judge’s role as gatekeeper and the trial court’s duty to consider the right of criminal defendants to present witnesses.

II.  The Daubert Test
In 1993, the Supreme Court in Daubert v. Merrell Dow Pharmaceuticals, Inc.
 established the standard for admitting expert scientific testimony in federal courts.
  The Court held that the text of Rule 702
 of the Federal Rules of Evidence (“FRE”) does not establish “general acceptance” as an absolute prerequisite to admissibility.
  The Court held that the trial judge, as gatekeeper, must first determine whether the scientific testimony or evidence is not only relevant, but also reliable.
  The trial judge determines whether the expert is proposing to testify to scientific knowledge,
 an inference or assertion derived by the scientific method and supported by appropriate validation.
  Under Rule 702, the evidence or testimony must assist the trier of fact to understand or determine a fact in issue.
  After this initial inquiry,
 the Court opined that many factors would bear on the inquiry of admissibility and declined from setting out a definitive checklist or test.

A. Daubert’s Factors: Defining the Standard for Scientific Evidence

Daubert set forth a non-exclusive checklist for trial courts to use in assessing the reliability of scientific expert testimony.
  The specific factors explicated by the Daubert decision are (1) whether the expert’s theory or technique can be or has been tested;
 (2) whether the theory or technique has been subject to peer review and publication;
 (3) the known or potential rate of error of the technique or theory when applied and the existence and maintenance of standards and controls;
 and (4) whether the technique or theory has been generally accepted in the scientific community.


In conclusion, the Court interpreted Rule 702 to require the trial court to apply a flexible inquiry
 into determining the scientific validity and the evidentiary relevance and reliability of the principles that underlie a proposed submission.
  The Court emphasized that the inquiry must focus solely on the principles and methodology, and not on the conclusions they generate.
  The Court declined to opine on the different approaches to reliability,
 since all had potential merit to the extent they focused on the reliability of evidence as ensured by the scientific validity of its underlying principles.
  Therefore, proponents of scientific evidence should address all the questions discussed in Daubert and the trial judge should make a determination on the totality of the evidence presented.

III.  Brain Fingerprinting

A.  An Introduction to Cognitive Psychology

The brain fingerprinting technique applies concepts in cognitive neuroscience
 and cognitive psychology
 to forensic science in order to detect crime-related information in people’s minds.  In order to understand conclusions made by the scientist after conducting the brain fingerprinting test, some background scientific information is helpful.  The cells in our nervous system, our nerve cells or neurons,
 are the mechanism for information-processing.
  Neurons take in information, make a “decision” about it following simple rules, and then, by changes in their activity levels, pass it on to other neurons.
  As the neuron’s pass on information, they generate electrical activity in the form of currents.

Cognitive psychology rests on the assumption that we do not directly perceive and act in the world, but, rather, our perceptions, thoughts, and actions depend on internal transformations or computations.
  Information is obtained by sense organs, but our ability to comprehend the information, to recognize it as something we have experienced before, and to choose an appropriate response depends on a complex interplay of processes.
  Two key concepts underlying the cognitive approach are that information-processing depends on internal representations
 and that mental representations undergo transformations.
  Moreover, information-processing is not simply a sequential process from sensation to perception to memory to action.
  Memory plays a role in how we perceive any stimulus, and the manner in which the information is processed is also subject to attention constraints placed on the subject during the experiment.
  Brain fingerprinting is an application of cognitive psychology because it is a technique that’s based on the manipulation of representations.

In addition to the unique methodologies of cognitive psychology and neuroscience, those of computer modeling and neurology have all converged and been integrated in order to learn about the nature of the mind and the relation between mind and brain.
  Brain fingerprinting could not have developed without the integration of these diverse methodologies.

B. Measuring the Signals of the Human Brain

In order to understand the brain fingerprinting technique, one must understand specific components of cognitive psychophysiology.
  The important scientific phenomena or concepts to brain fingerprinting are the EEG,
 the ERP,
 generated through the technique of signal averaging,
 and the P300,
 a type of ERP.  An additional concept that will be discussed is the MERMER,
 which is a longer measure of the brain response and contains the P300, but is not necessary for a basic understanding of the brain fingerprinting test.

1.  Introduction to the EEG, Signal Averaging & the ERP

Neural activity is an electrochemical process, and although the electrical potential produced in a single neuron is minute, when large populations of neurons are active together, they produce electrical potentials large enough to be measured by electrodes placed on the scalp.
  The record of the signals is referred to as the electroencephalogram and electroencephalography (“EEG”) provides a continuous recording of overall brain activity.
 Cognitive neuroscientists developed a more powerful approach than EEG in order to focus on how brain activity changes in response to a particular task.
  The approach or technique is called signal averaging
 and the evoked response generated from the technique is called the event-related potential (“ERP”).
  It is generally accepted that the ERP reflects activity originating within the brain
 and that it provides a picture of how neural activity changes over time as information is being processed in the human brain.

2.  Brain Fingerprinting: An Application of Cognitive Psychophysiology

Brain fingerprinting, using a technique of cognitive psychophysiology, measures the brain’s information-processing by placing electrodes on the scalp that measure the electrical activity
 generated by different stimuli.
  As in other psychophysiology experiments, scientists make conclusions on the information-processing technique the subject’s brain took part in by looking at the signals measured during the test.
  Brain fingerprinting is also an example of a controlled experiment on the neurophysiology of attention.
  The technique is an analysis of the brain responses emitted by the subject’s brain and it integrates electrical recordings of neuron activity, technical manipulation of the recordings, and signal averaging of the EEG to retrieve the ERP, the most important element of the brain fingerprinting technique.

C.  Brain Fingerprinting Detects for a Specific ERP

During the brain fingerprinting test, the subject is presented various stimuli.
  The critical part is the analysis of the subject’s electrical responses to each stimulus to see whether or not an ERP has been generated to a specific stimulus.
  When a subject hears a stimulus such as a specific sound or sees a picture or word, the electrical signal generated in response to the stimulus goes to seven different parts of the brain in the first 1/100th of a second.
  The scientist presents the stimulus many times and performs signal averaging.
  In conclusion, the scientist can then “see” the response, or the ERP, to the particular stimulus.

1.  The P300 & Context Updating

At first, scientists only studied ERPs called exogenous ERPs or evoked potentials,
 which are measures of sensory processing of a stimulus.
  Scientists at first only measured a very brief time after the stimulus and these evoked potentials were all they detected.
  But the brain does much more than just sensory processing.
  When a person perceives a meaningful stimulus, or recognizes the stimulus in the current context, his or her brain processes it cognitively and responds with a specific brain-wave.
  After the sensory input comes in, the brain takes note of its significance in the current context, an activity called context updating.

As science progressed, scientists discovered that the ERP measured at the scalp when context updating is occurring is a different type of ERP from the exogenous ERPs that had already been discovered.
  The ERP measured during context updating is known as the endogenous or cognitive ERP.
  While evoked potentials are measured at the scalp within the first few hundredths of a second, these cognitive ERPs take place up to a second or two after the stimulus is presented to the subject.
  The discovery
 of the ERP that takes place during context updating, called the P300,
 laid the foundation for the brain fingerprinting test that was developed decades later.
  In conclusion, the fundamental scientific phenomenon that has been well established since the 1960’s are context updating and the P300 measured at the scalp.

An additional component of brain fingerprinting is the MERMER.
  The MERMER,
 a more extensive measure of the response than the P300 that includes the P300, is elicited when an individual recognizes and processes an incoming stimulus that is significant or noteworthy.
  Therefore, when a MERMER is measured, a P300 is automatically measured first, since the P300 is the positive component of the MERMER.
  The MERMER occurs within about a second after the stimulus is presented, and is readily detected using EEG amplifiers and a computerized signal-detection algorithm.
  Despite the MERMER being more up-to-date scientifically, the P300 is simpler to measure, easier to understand, and more thoroughly established as a scientific phenomenon.
  In conclusion, the P300 is the only measure needed to arrive at a clear determination of whether the subject has the crime-relevant information stored in his brain or not.

2.  How Brain Fingerprinting Uses the P300 to “Detect” Criminals


The purpose of the brain fingerprinting technique is to determine whether or not someone has committed a crime.
  The person who has committed the crime has information about the crime stored in his or her brain, while the innocent person does not.
  Brain fingerprinting detects whether a record is stored in the subject’s brain by measuring brain responses to stimuli.
  The most important concept to understanding the conclusions derived from the test is that the brain emits a response, the P300, when it recognizes and processes a stimulus that is significant in the current context.

The brain fingerprinting procedure begins when the scientist presents stimuli that will be recognized by the perpetrator’s brain as significant, but will not be recognized as significant by an innocent suspect’s brain.
  A series of stimuli is flashed on computer screens; some are relevant to the crime, while others are not.
  The computer analyzes the brain response to detect for the P300, and thus determines scientifically whether or not the specific crime-relevant information is stored in the brain of the suspect.
  In conclusion, brain fingerprinting measures for the P300 brain response, a specific measure of electrical activity generated when the brain is involved in context updating.

D.  The Scientific Procedure of Brain Fingerprinting

In order to facilitate an understanding of brain fingerprinting, the procedure will be described and explained as it was performed by Dr. Lawrence Farwell (“Farwell”), the Ph.D. who developed brain fingerprinting, on Terry Harrington, a man who claims to be wrongly convicted for murder.
  Before running the test, the scientist fully investigates the case file on the crime and all other information that is available.
  The scientist may visit the crime scene, read the relevant portions of trial transcripts and police reports,
 and speak to investigators and alibi witnesses.
  The investigation is an effort to find information that may be used to design stimuli used during the test.
  The scientist combines police reports, trial testimony, and other information to learn things that the perpetrator had to have encountered in committing the crime, but that never came out explicitly in testimony at the trial.
 

The scientist administers a headband equipped with sensors that pick up the electrical signals from the brain with standard electroencephalographic electrodes.
  The test begins and a sequence of words or pictures is presented on a video monitor under computer control.
  Each stimulus appears for a fraction of a second or just long enough so that the subject can read it and see what it means.
  These stimuli are used to measure the subject’s brain responses.

Three different types of phrases or stimuli are shown to the subject, Targets, Irrelevants, and Probes.
  The Targets are made relevant and noteworthy to all subjects,
 because the purpose of the Targets is to get a P300 brain response from the subject when he looks at the Targets.
  The subject is given a list of the Target stimuli and instructed to press a particular button in response to Targets, and to press another button in response to all other stimuli.
 When Harrington looked at and took note of the Targets, his brain engaged in the specific pattern of electrical brain activity that generates the P300,
 and the computer analyzing his brain responses measured a P300.

Most of the non-Target stimuli are irrelevant, having no relation to the crime.
  The “Irrelevants” are designed to have nothing to do with the crime and to have nothing to do with the subject.
  They are structured so that they are equally plausible to a subject who does not know anything about the crime.
  The Irrelevants, since they are neither noteworthy nor significant to the subject, do not elicit a P300, because the brain is not taking part in context updating.
  By creating the two types of stimuli, the Targets and Irrelevants, the scientist creates a standard set of responses, or a way to measure P300s showing brain recognition and the brain’s activity when there is no recognition.

The critical scientific question during brain fingerprinting is whether the subject will recognize the third type of stimuli as significant in the current context.
  These stimuli, called Probes, are the most important ones in the test.
  Probes refer to details of the crime
 that would only be known to a participant to the crime, and would be insignificant to non-participants.
  The Probes are mixed in with the Irrelevant stimuli, so that a subject who was not the perpetrator will not distinguish among them.
  A participant to the crime will recognize the Probes because they refer to items that the subject had to have encountered in order to commit the crime.
  Therefore, the brain responses to the Probes distinguish whether the subject participated in the crime or not, and the test results state objectively whether or not the subject is the perpetrator.
  If the subject participated in the crime, he recognizes the crime-relevant stimuli, and his brain produces a P300.
  If he neither participated in the crime nor knows details about it, the subject does not recognize these Probe stimuli just as he does not recognize the Irrelevants.
  Because the Irrelevants are equally plausible
 to a subject who did not participate in the crime, the subject’s brain will respond the same to Probes and Irrelevants.

The procedure also tests for alibi information.
  This part of the test is designed to determine whether the subject has information related to the alibi stored in his or her brain.
  If the subject’s test shows that P300s were not emitted in response to the Probes, but were emitted in response to the alibi stimuli, then the conclusion is that the subject did not participate in the crime.
  Instead, the subject is telling the truth about the alibi.
  This part of the test also uses the three types of stimuli.
  The Targets are designed with information that the subject is informed about.
  Irrelevant stimuli are also used and the Probes contain information on the alibi.
 

In conclusion, there are three types of stimuli.  The Targets are the things the subject knows
 and they will generate a P300 brain-wave.
  The Irrelevants are insignificant to the subject and will not produce a P300.
  The Probes are relevant to the crime and known only to the perpetrator and investigators.
  Therefore, a person lacking the crime-relevant knowledge will not produce a P300 to the Probes.
  The subject who does not have knowledge of the crime will only generate P300s to the Targets and alibi Probes,
 while the subject with knowledge of the crime will generate P300s to both Targets and Probes.

The scientist then analyzes the data twice by conducting a mathematical analysis of the signal.
  The brain-wave signals are analyzed using a mathematical algorithm called bootstrapping.
  The bootstrapping algorithm provides the scientists with a determination and a statistical confidence on whether the signal representing the Probe responses looks like the signal for the Target responses or the signal for the Irrelevants.
  If the subject does not recognize the Probes as significant, the determination will be “information absent,” with a statistical confidence of 99%.
  If the subject recognizes the Probes, the determination is “information present.”

IV.  Brain Fingerprinting Under Daubert

A.  Has the Science Been Tested?

This section will analyze whether the P300, the MERMER, and the brain fingerprinting technique, as developed by Farwell,
 have been sufficiently tested in order to qualify under the first factor delineated in Daubert.

1.  Has the Science of the P300 Been Sufficiently Tested?

Since Sam Sutton et al. discovered the P300, or the particular pattern of brain activity that takes place during context updating; there have been numerous publications on the P300.
  It is probably the most thoroughly researched ERP,
 because of the ease with which it is measured.
  In order to study the P300, it must first be elicited, and the most common way to elicit a P300 is to use the “oddball” paradigm.
  This experiment produces a larger P300 when the subject responds to, or counts, the rarer of the two stimuli.
  Studies on the P300 have shown that the P300 component is emitted after the brain has completed the information-processing necessary to evaluate the stimulus.
  In conclusion, the P300 has been independently verified in other laboratories and is probably the most well established phenomenon in all of cognitive psychophysiology.

Though the P300 can be used to index memory,
 the science of applying the P300 to the study of memory is not as well established as other more general uses of the P300.
  But there are a substantial number of studies that indicate that it is sensitive to memory processes, and, in particular, memory recognition.

Other psychophysiologists consider the P300 to be a well-established science.
  The Iowa district court accepted the P300 basis of brain fingerprinting as sufficiently reliable evidence and proceeded to evaluate the weight of the P300 evidence.
  Though the district court used a different standard
 in fulfilling its gatekeeping function with regard to scientific evidence, the standard used is similar to the Daubert standard.
  In conclusion, the P300 science has been sufficiently tested within the field of cognitive psychophysiology and should be admitted into evidence by federal courts under Daubert’s first factor.

2.  Has the Science of the MERMER Been Sufficiently Tested?

During the initial development of brain fingerprinting, Farwell only measured for the P300 during context updating.
  He discovered over time that there was a little bit more going on after the P300 was over.
  Other research studies duplicated this discovery as the science of cognitive psychophysiology and event related potentials developed.
  The P300 is the positive component
 of a waveform that is measured from the subject’s brain within 300-800 milliseconds after the stimulus is shown.
  Farwell calls the whole waveform the MERMER, which is the positive deflection of the P300 followed by a negative deflection.
  

Though Farwell measures the complete waveform during brain fingerprinting,
 the MERMER has only been tested within his research and not by other psychophysiologists.
   The MERMER should not be admitted into evidence in federal courts at this stage of research, because it has not been sufficiently tested and validated.  This conclusion does not prevent the admissibility of brain fingerprinting since the MERMER is not essential to the test.
  Compared to the P300 and the technique for measuring it, the MERMER is not yet considered a well-established scientific phenomenon.
  Despite this fact, the science of the MERMER shows potential for the future if more research and studies are conducted.

3.  Has Brain Fingerprinting Been Sufficiently Tested?

At the time of the Harrington hearing in November 2000, Farwell had conducted one-hundred seventy tests using brain fingerprinting, and of those, approximately one-hundred used real life information.
  The first study Farwell conducted
 detected information about minor crimes or socially undesirable acts in the lives of college students.
  The first part of the test involved using the subjects’ brain responses to see whether the subject had participated in specific events.
  If the subject’s response showed a P300 to a stimulus,
 he or she recognized the event tested.
  The test allowed Farwell to determine which of the subjects had participated in the real life events.
  The second part of the test was run on the same subjects using stimuli designed from events they had not participated in.
  Farwell then compared the responses to these stimuli to the responses to the events in the first part of the test.
  Farwell’s conclusions showed that P300 responses had not been measured for the stimuli of events the subjects had not participated in.
  In conclusion, P300 responses were measured only when the subjects recognized the events they had actually participated in.
 

A second study tested twenty subjects under two conditions.
  In the first part, he measured their brain responses to events they had participated in, while in the second part, he measured their responses to events they had not participated in.
  This study was a laboratory mock crime experiment.
  Farwell again checked the data for the P300 in order to determine whether the subjects had participated in the event relating to the stimulus.
  Farwell’s procedure was to define the P300 mathematically, measure the responses, and come up with a determination and a statistical confidence.
  The data analysis resulted in an indeterminate response for some of the cases, which means that there was not enough information to make a clear determination.

Farwell also conducted studies for the FBI.
  In one experiment, Farwell achieved 100% accuracy by using brain fingerprinting to identify FBI agents based on their brain responses to words and phrases only FBI agents would recognize.
  The detection of the FBI agents indicates that the system may be used to detect members of an organization, as well as perpetrators of a specific crime.
  In the second experiment, Farwell correctly detected whether or not individuals had participated in specific, real-life events.
  Individuals were paired up, and in each pair, one person had committed some kind of activity, while the other had not.
  The researchers used the details of the activity to devise Target stimuli mixed in with Irrelevant stimuli.
  Farwell et al. were then able to tell which event the subjects had participated in and which ones they had not by checking to see which stimuli had generated a P300 brain response.

Farwell also conducted three studies for a U.S. Intelligence Agency, which proved that brain fingerprinting could accurately and reliably detect individuals possessing information regarding mock crimes and real-life events, including a small number of actual major crimes.
 In the first experiment, brain fingerprinting detected information that was relevant to a mock espionage scenario enacted by some of the subjects.
  In the second study, they tested thirty subjects for information relevant to real-life events, including two felony crimes.
  The third experiment tested the subjects in order to determine whether they had knowledge of military medicine.
  As with the other experiments, brain fingerprinting was found to be 100% accurate.


Aside from the test performed on Harrington, Farwell performed the test on other persons convicted of crimes.
  In one case, Farwell found that according to the test results, the individual had not committed the crime in question
 and, according to subsequent evidence, Farwell’s conclusion was correct.
  Farwell also conducted the test on the primary suspect in a murder case in Missouri.
  The sheriff of Macon County
 asked Farwell to conduct the test in order to determine scientifically whether or not the suspect was the perpetrator of the crime.
  Farwell ran the test in order to determine whether the suspect’s brain had information on the murder.
  The test identified the suspect as the perpetrator and shortly after the test, the suspect pled guilty to the murder.


In conclusion, the science of the P300 ERP, the foundation of brain fingerprinting, has been thoroughly tested by scientists.
  Farwell tested brain fingerprinting on more than one hundred twenty subjects in the experiments discussed above and correctly identified whether the subjects did or did not possess the critical information stored in the brain.
  In all cases, the subjects’ brains emitted a P300 and a MERMER to the Probe stimuli.
  Previous research published by Farwell, his colleagues, and other scientists has consistently demonstrated similar results.

B.  Has Brain Fingerprinting Been Peer Reviewed and Published?

According to the testimony at the Harrington hearing, brain fingerprinting has been peer reviewed and published.
  Farwell has published extensively in psychophysiology journals and presented his research to many scientific and technical audiences throughout the world.
  From 1985 to 2001, Farwell and colleagues published their research over twenty times and gave twenty presentations.
  Most publications have been on the P300 phenomenon, the technique to detect it, and the general field of psychophysiology.
  Farwell has published one study on the P300 and memory research,
 nine studies on the P300 and detecting concealed information,
 two studies on the technology of the ERP technique,
 three studies on ERPs and general psychophysiology,
 and one study on the MERMER.
  Additionally, he has published on the Farwell Brain Communicator
 and has three patents to his credit.

C.  How Accurate is the Science?


The accuracy of the brain fingerprinting science is defined by two benchmarks.
  The first is the known potential rate of error for the science and the second is whether the science has standards that control its operation.
  Farwell claims brain fingerprinting is 100% accurate in detecting real-life events stored in the brain of subjects,
 but he does not allege brain fingerprinting is perfect or an absolute certainty, relegating every other piece of evidence to irrelevance.
  Because Farwell recognizes that every science has an uncertainty factor, he designed the mathematical formula that analyzes the test results to incorporate such a factor.
  Therefore, the science’s purported high accuracy is qualified to account for uncertainty factors in the data analysis.


There is research indicating that Farwell’s procedure actually works better in real life situations as opposed to laboratory studies.
  Three laboratory studies were conducted on twenty people.
  The researchers told the subjects to conceal information, but varied the subjects’ motivation to conceal the information during the test.
  They did this by first telling the subjects to conceal the information, then to conceal the information and lie about it, and then, finally, to conceal the information and lie about it well enough so that the subject could claim a money reward for “fooling” the researchers.
  The scientists then measured for the P300 and applied the Farwell and Donchin statistical procedure of bootstrapping to analyze the data.
  They discovered that giving each group different levels of motivation resulted in different levels of accuracy or conclusiveness under the bootstrapping method.
  The method produced some “indeterminate” conclusions from the group that was told only to conceal the information, while it produced no “indeterminate” results from the group that was motivated to conceal it well enough to claim money.
  These results suggest that if the subject is motivated to conceal information in order to escape fault or claim money, the information that the test is trying to detect is even more meaningful to the subject than if the subject were merely in a laboratory simulation.
   Therefore, the information is easier to detect.

1.  What is Brain Fingerprinting’s Known Potential Rate of Error?

A subject who takes the brain fingerprinting test cannot beat the test by controlling his or her response.
  Psychophysiologists have concluded this from the characteristics of the P300.
  One of the advantages of measuring a brain-wave, over measuring autonomic nervous system responses, is that it is not known how a person can manipulate the former, while subjects can easily manipulate the latter.
  Because the P300 has a signature shape and timing, any attempt to manipulate or control one’s brain electricity would distort the signal in a way that would make it look odd and stand out.
  The researchers would then know that the testing procedure had been compromised.  Therefore, whatever the subject decides to do about stimuli presented to him or her during the test, such as conceal the fact of knowing, is insignificant to the brain response measured at the time the subject looks at the stimulus.
  If the subject refused to look at the stimuli, the electrodes would not measure any data, and the subject’s non-cooperation would be obvious to the scientists.
  If the subject pretended to look at the screen, but really did not, the subject could not press the correct button, and the scientist would know that subject was not cooperating.
  In conclusion, a subject cannot be forced to take the test, but if the test procedure is complied with and the subject cooperates, the subject cannot manipulate the test results.

The objectivity and accuracy of the test’s mathematical determination is compromised if a subject, who is not the perpetrator, takes the test after learning everything about the crime.
   Because the Probes are designed from information known only to the investigators and the perpetrator,
 the subject, though innocent, will emit a P300 to the Probes and the Targets. Thus, law enforcement officials should be instructed on how to not reveal everything they know about the crime while interrogating a suspect, in case they later wish to apply brain fingerprinting to the suspect.


There is a high potential rate of error if brain fingerprinting is used on two subjects who were both at the scene of the crime, if one is the perpetrator and the other is only a witness.
   Brain fingerprinting detects whether information is in the brain, but it will not tell us how it got there.
  In this regard, the technique is similar to finding fingerprints at the scene of the crime.
  The mathematical analysis of the data gives a determination on whether the subject found the crime-relevant information significant, but that determination does not distinguish between a witness and the perpetrator.
  In this situation, all brain fingerprinting can do is narrow the search down to two suspects.
  It cannot be used to determine what role each person played at the crime scene.
  The test should also not be used in cases where there are two suspects, and each is accusing the other of being the perpetrator.  Even if they have not accused each other of the crime, there is still the possibility that only one is the perpetrator, and running the test will compromise the ability of the innocent suspect to defend him or herself.


There are other situations for which the test cannot be used.
  If the researchers cannot discover any information relevant to the crime that only the perpetrator would know, then the technique cannot be used.
  Such a situation can arise if the subject has heard and learned everything about the crime through the course of the investigation.
  In this case, the researchers would not have any undisclosed information for which to design the Probes.
  Brain fingerprinting should also not be used if the suspect was intoxicated at the time of the crime.
  If a suspect was so intoxicated that his senses were impaired, then running the test would produce “indeterminate” and inconclusive results.

2.  Are there Standards that Control the Technique’s Operation?


The brain fingerprinting technique is standardized and objective in procedure. The entire technique is under computer control, including presentation of the stimuli, the recording of the electrical activity, and the analysis of the data.
  Using the computer prevents a scientist from tainting the interpretation of the results with errors or subjectivity.
  

The test always uses the same three types of stimuli, Targets, Irrelevants, and Probes.
 The researcher tells the subject to push a button or the subject can choose which button he or she will push when they recognize the Targets.
  Once the subject starts the test and begins to analyze the data, the system analyzes the data measured from the subject’s brain, and comes up with a mathematical determination.
  A computer performs a mathematical algorithm that compares the responses to the three types of stimuli and produces a determination of “information present” (“guilty”), “information absent” (“innocent”), or “indeterminate” (insufficient information) with a statistical confidence level for the determination.
  The mathematical analysis, called bootstrapping, prevents the scientist from tainting the analysis with bias or subjectivity.
  The scientist could read or interpret the results from the data, but bootstrapping allows the scientist to come to a conclusion based on the mathematical analysis, instead of on observations of the brain-wave plots.
  The bootstrapping method
 has been tested in other applications and has been determined to have a high rate of accuracy.
  In conclusion, the test analysis is not prone to subjective bias or human errors in interpreting the results.  Brain fingerprinting also uses two objective standards to analyze the data.
 Of the three types of stimuli, the subject’s responses to the Targets and the Irrelevants function as objective measures, by which to compare the subject’s responses to the Probes.  Therefore, the computer can compare the responses to the Probes to those measured for the Targets and Irrelevants.


In order to confirm that the subject will not perceive the Irrelevants and Probes as significant for some reason, the researchers go over the list of stimuli with the subject before running the test.
  This procedure establishes the context of the test and gives the subject the opportunity to tell the researcher whether any of the stimuli are significant for whatever reason.
  If any of the stimuli are significant to the subject, the researcher eliminates it as a Probe or Irrelevant.
  Regardless of the suspect’s innocence or guilt, he or she is expected to deny knowing any details of the crime.  Thus, if the suspect is guilty, he or she will not confess to the researcher that the crime-relevant Probes are significant.
  But regardless of what the suspect tells the researcher, if he or she is actually the perpetrator, his or her brain will emit P300s to the Probes.


Farwell’s confidence in the accuracy of brain fingerprinting is based on the test’s underlying components.
  First, the ability to measure the presence or absence of the P300 with electrical recordings of the brain is thoroughly researched and well accepted as a phenomenon.
   Scientists regard the P300 ERP measured in response to stimuli to be a more accurate indicator of underlying cognitive processes than other possible measures.
  Second, the statistical procedures are well known and well accepted.
  Farwell also follows the standard procedure for using the amplifiers, electrodes, filter settings on the amplifiers, and digital filters.
  In conclusion, the test is highly accurate in objectivity, procedure, and scientific basis.

3.  Critiques on the Accuracy of Brain Fingerprinting


Brain fingerprinting faces a few criticisms from psychophysiology experts.
  The criticism focuses on the scientist’s skill and judgment in designing the stimuli and the scientist’s interpretation of the data.
  In performing an analysis of all the crime-relevant and alibi information, the scientist must exercise some degree of “art” in deciding what information is probative enough to be used for a Probe and what is a “good” Irrelevant.
  Despite this critique, all scientific experiments that use stimuli must have an “art” component that is the skill of the scientist designing the stimuli.
  In deciding the admissibility of the test report, the judge should consider the scientist’s explanation of how the stimuli were designed.  The scientist must assure the judge that he or she has designed the Probes to capture memorable events of the crime.
  The scientist must design Probes that will generate P300 responses from the perpetrator, but will not be recognized by an innocent suspect as another related event from personal memory.
  The Probes should not be designed with events that the subject would encounter every day.
  Instead, the Probes should be designed on experiences that are unique, emotional, personal, and unusual.


Another critique focuses on the subject manipulating his or her brain responses.  One way a subject may be able to do this is by “rehearsing” the alibi enough times so as to have some type of “measurable” memory of this event, even if it did not happen in fact.
  Scientists do not know what effect “memorizing” a fictional event will have on the P300 test.  If the rehearsing created a measurable memory, the test would show P300s for the Targets, the Probes, and the alibi Probes.  With such results, the computer would produce an “indeterminate” result and the scientist would be unable to create a report of valid conclusions.


People also question whether the accuracy of brain fingerprinting depends on the memory of the subject.
  Farwell’s response is that brain fingerprinting does not depend on a subjective judgment of whether the subject’s memory is good or not.
  It only depends on the information being present or not.
  The alibi part of brain fingerprinting may be used to check the subject’s memory retention.
  If the subject’s brain responds to the alibi Probes with P300s, and does not respond to the crime Probes with P300s, then the conclusion is that the subject did not commit the crime, as opposed to having forgotten details of the crime.
  Therefore, brain fingerprinting’s alibi procedure can verify whether a suspect has suffered memory loss.


In conclusion, the test has been held to be highly accurate in a number of studies.
  In cases where there is a high rate of potential error, the test should not be used.  The test should not be used if there is a dearth of information from which to design the different stimuli, if there is more than one suspect who was present at the scene of the crime, if the suspect was intoxicated at the time of the crime, or if the scientist does not adequately explain his or her investigation of the crime and method of designing the stimuli.

D.  Is the Science Well Accepted in the Scientific Community?


Scientists consider a specific science or technique to be well established after it has been published approximately one hundred times in peer-reviewed journals.
  The P300 is considered to be the most thoroughly researched and published phenomenon in the entire field of cognitive psychophysiology and the technique for detecting it has a solid scientific basis.
  Since the discovery of the P300 in the 1960’s, hundreds, if not thousands, of articles have been published on the subject.
  Though brain fingerprinting uses the P300 to index memory, it is not as well established as other applications of the P300.
  One such application is the guilty knowledge test.
  The guilty knowledge test is considered to be a well-accepted technique.
  Brain fingerprinting uses similar principles to those used by the more established guilty knowledge test.
  Psychologists, assessing the guilty knowledge test, were asked whether it was a reasonable inference to conclude that a suspect who showed guilty knowledge to 80% of the memories assessed during the test, did in fact have concealed knowledge of the crime.
  Approximately 75% answered that that was a reasonable inference.
  No similar study has been performed on brain fingerprinting, but if 75% of scientists in the same relevant community have accepted an application that is similar in scientific principles to brain fingerprinting, then it is reasonable to infer that a significant percentage of those same psychologists would also find the scientific basis of brain fingerprinting to be well accepted as a valid science.
  Therefore, using the P300 to determine the absence or presence of guilty knowledge is arguably a valid science that may gain greater recognition and acceptance with more research and publishing.

Though every scientist does not use the same procedure, brain fingerprinting’s technical procedure reflects those that are generally accepted by the scientific community.
  From placing the electrodes on the brain to averaging the signal of the brain responses to the stimuli in order to eliminate “noise,”
 brain fingerprinting’s components have a high degree of acceptance in the scientific community.


In conclusion, the science on which brain fingerprinting is based on is generally accepted in the community of psychophysiologists.
  The components of the science, the event related potential and the P300, are probably the most well researched and published phenomena in all of psychophysiology.
  One scientist in the psychophysiology community, whose work on scientific evidence was cited by the Supreme Court, opines that brain fingerprinting has a high degree of acceptance.

V.  The Admissibility of Brain Fingerprinting in Federal Courts

A.  Admissibility Under Daubert


Though the admissibility of brain fingerprinting in court has not yet been established, this Note concludes that under the four factor analysis of Daubert, a report of the brain fingerprinting test
 should be admitted into evidence if the trial judge is satisfied that the case before it is appropriate for the test and the test’s procedure has not been compromised in any manner.
  As long as the judge is satisfied of the latter, the brain fingerprinting report should be admitted for the following reasons.  First, the science of the P300, the scientific basis of brain fingerprinting, has been thoroughly and scientifically tested to be a valid and reliable science
 and the technical procedure of the test is likewise practiced and accepted.
  Second, the science of the P300 has been subject to extensive peer review and publication.
  Third, the potential rate of error for brain fingerprinting is extremely low
 and in every case where the test has generated a definite determination, it provided the correct answer.
  Even though the proponents of brain fingerprinting concede that the science, as every other, may not be 100% accurate in all cases,
 the reliability and the accuracy of the technique appears to be the result of its computer-controlled technical and analytical procedure and its overall objective standards.
  The judge should not consider admission until he or she is confident that the facts of the case at hand do not match one of the situations discussed in Part IV, in which brain fingerprinting would not be helpful to the investigation of the crime.
  Finally, the science of the P300 should be admitted into evidence, because its relevance in detecting information has gained general acceptance among psychophysiologists.

Despite the conclusions derived from analyzing brain fingerprinting under Daubert, this Note acknowledges that brain fingerprinting itself has not been overwhelmingly tested,
 it has only been subject to some peer review and publication,
 and it has not yet gained general acceptance among psychophysiologists.
  Regardless, a report of the test should be considered for admission as evidence, since the relevant scientific community generally accepts the underlying scientific components of the technique as reliable and valid.  As brain fingerprinting continues to be tested and researched, it is arguably only a matter of time before the science attains general acceptance.

The Daubert decision does not provide the trial judge with an exclusive list of factors and questions that he or she must consider before ruling on the admissibility of scientific evidence.
  Instead, many factors will bear on the admissibility of brain fingerprinting and not every factor discussed by the Court in Daubert has to be met in order for the judge to grant admission.
  For these reasons, this Note suggests admission of brain fingerprinting.

B.  Fulfilling the Role of Gatekeeper of Evidence

Based on the novelty of brain fingerprinting and the concerns discussed in Part IV of this Note, the non-offering party will very likely object to a party offering brain fingerprinting as evidence.
  As the gatekeeper of evidence, the trial judge’s role is not to exclude scientific testimony solely because it is novel, but, instead, its role is to consider the science under the factors explicated in Daubert and decide from there.  Daubert reaffirmed the trial judge’s role as gatekeeper
 and it is the court’s duty to ensure that the decision-making process on evidence questions gives criminal defendants a fair shake.

Under Daubert, the trial judge must determine at the outset whether the scientific evidence is not only relevant, but also reliable.
  The trial judge does not have to decide whether the scientist testifying on brain fingerprinting is proposing to testify on scientific knowledge.
  Brain fingerprinting is derived from the methods and procedures of science and it is knowledge that connotes more than subjective belief or unsupported speculation.
  The science of brain fingerprinting, or detecting the P300, is also derived by the scientific method and supported by appropriate validation.
  Brain fingerprinting also satisfies the requirement of Rule 702 that evidence or testimony assist the trier of fact to understand or determine the fact at issue, whether the suspect has information relevant to the crime stored in his or her brain.
  The trial judge, as gatekeeper, should reserve ruling on objections to the brain fingerprinting evidence until the offering party has had an opportunity to explain the facts relevant to the procedure in the case.   The trial judge should weigh the conclusions made in this Note
 with the facts of his or her particular case.  For example, has the offering party offered evidence that there was sufficient crime-relevant information from which to design the Probes?  Has the expert complied with the procedures of the test?  Does the expert have sufficient experience in designing the test stimuli and administering the test?  Was the suspect intoxicated at the time the crime happened?  The trial judge should perform a balancing test and decide the question of admission based on the integrity of the test as performed on the defendant standing before the court.  If the offering party has addressed all these concerns, the trial judge should admit the brain fingerprinting report knowing that he or she has exercised the gatekeeping function with thoroughness and fairness.

C.  Considering the Rights of Criminal Defendants

Another reason why a novel science such as brain fingerprinting should be admitted into evidence is that for more than three decades, the Supreme Court has recognized a constitutional right on the part of criminal defendants to present witnesses.
  Therefore, in determining the admissibility of brain fingerprinting-related evidence offered by a criminal defendant, a judge should consider this constitutional right, as well as unfair prejudice that will inure to a defendant if he or she is denied the right to present such evidence.  As the right to present witnesses has been derived from the Constitution, the right is an integral part of the constitutional guarantees that a criminal defendant may invoke to override the ordinary rules of evidence.
  Also, the Court has invoked the right in order to strike down the application of evidence rules that peculiarly disadvantage criminal defendants with regard to the presentation of witness testimony.
  Furthermore, the Court has invoked the right to invalidate, as applied to criminal defendants, at least some evidence rules that are generally applicable—that is rules that restrict the admission of a particular type of witness testimony, whether offered by the prosecution or the defense.
  Under the Court’s current approach, evidence rules that operate to prevent the presentation of defense witnesses “may not be arbitrary or disproportionate to the purpose they are designed to serve.”

The constitutional override to the ordinary rules of evidence assumes importance when debating the admissibility of new forms of witness testimony that come from developments in modern science, such as brain fingerprinting testimony.
  This Note does not suggest that trial judges admit the brain fingerprinting evidence, because criminal defendants deserve the right to do so.  Instead, this Note has concluded that under the factors discussed in Daubert, brain fingerprinting’s scientific components are reliable enough to admit into evidence and, consequently, a criminal defendant should be able to exercise the right to present a witness testifying on brain fingerprinting.  Commentators in the area of the right to present witnesses suggest that a “defendant has a constitutional right to produce any witnesses whose ability to give reliable evidence is something about which reasonable people can differ.”
  Such an approach suggests that there may exist some constitutional exceptions to generally applicable evidentiary rules where a criminal defendant seeks to admit exculpatory evidence that passes some minimal threshold of plausibility.
  Brain fingerprinting, as discussed in this Note, surpasses such a threshold of plausibility.

D.  The Role of the Jury

If the trial judge decides to admit the evidence, he or she must provide the jury with helpful instructions on how to weigh the evidence.
  Once the judge comes to a conclusion, it is for the jury to determine, along with all the other evidence, whether the defendant is guilty or not.
  The adversarial process allows the government to cross-examine the expert and question him or her on aspects of brain fingerprinting that may not be reliable to date and/or possible inaccuracies in the procedure.  In conclusion, as long as the test was conducted with proper integrity of procedure,
 the judge should allow a criminal defendant to show the jury information that provides more than reasonable doubt that the defendant is wrongly accused.   Once the trial judge concludes that expert testimony is to be permitted, the jury is entitled to review the evidence and accord it such weight as the jury feels is warranted.


The goal of using brain fingerprinting is to determine whether or not a suspect’s brain responds with “recognition” to crime-relevant information that only the perpetrator would know.
  The purpose of the test is not to solve crimes.
  The test does not tell the jury whether the suspect is or is not guilty.
  It only indicates whether the information relevant to the crime is or is not stored in the brain of the suspect.
  If the test results are admitted into evidence, the jury still decides how much weight to give the test results in making its decision as to culpability.
  In conclusion, the purpose of the test is not to make other sources of evidence irrelevant or eradicate the jury’s role as the fact finder, but rather to contribute to the amount of knowledge that can shed light on identifying the perpetrator of a crime.

E.  One Approach to Addressing Concerns about Brain Fingerprinting


Proponents of brain fingerprinting can address the concerns of those who oppose the admission of brain fingerprinting into evidence by establishing a centralized agency that will focus on brain fingerprinting.
  Such an organization could train persons on administering the test and designing the stimuli and it could conduct more research on the technology.  If the organization is made up scientists and criminal investigation experts who work for the government and also defend criminal defendants, the organization could attain some level of objectivity and fairness.  Concerns about people profiting from brain fingerprinting and the ability of criminal defendants to afford the test can be resolved if the organization is funded by government funds and private contributions.  With every new technology comes the question, “Who will get to control this technology?”
  Brain fingerprinting offers great potential in assisting the defense of criminal defendants.  Centralizing the research and administration of the technique could establish brain fingerprinting as a valid and reliable science and further its acceptance and understanding.

VI.  Conclusion

Some believe that if the brain fingerprinting technique is validated through more research, it could replace fallible polygraph tests,
 which may arguably be inaccurate in determining guilt or innocence.
  Others are concerned that despite the interesting progress of brain-wave science for science’s sake, it may have an unsettling and profound impact on the search for the truth if the ability to access and display the brain’s memory banks is achieved.
  Brain fingerprinting may replace other lie detection techniques in the future, but the science is far from achieving the capture and presentation of the brain’s memory banks.  The technique is merely a test to see whether a suspect responds with recognition to stimuli relating to the crime or the alibi.  The test results could be very instrumental to the defense of a criminal defendant who offers the test as evidence.

I conclude, based on the analysis, that brain fingerprinting is admissible scientific evidence under the Daubert standard.  Also of significance is the fact that the Court has recognized that criminal defendants have a constitutional right to present witnesses, which may be invoked to override generally applicable evidence rules.  This Note does not suggest those defendants who offer brain fingerprinting invoke this right to present invalid and unreliable evidence that will not assist the trier of fact.  Instead, I suggest that trial courts should hear the evidence supporting admission of brain fingerprinting when it is exculpatory evidence that will mean the difference between serving a punishment for a crime not committed and freedom from suspicion.  Concerns over the technology could be addressed by centralizing the research and administration of the test.  This solution could resolve concerns about the science’s potential for error in specific cases and the implications of using brain science technology in our criminal justice system.
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� See id. at 129.  Though cognitive neuroscience gained a quantum of information based on patient research tests, researchers found it necessary to develop methods that measure activity in the normal brain.  Id.  The author describes how researchers found it hard to analyze the function of a missing part of a patient’s brain by looking at the operation of the remaining system.  See id.


� Transcript of Proceedings at 4, Harrington v. State of Iowa, No. PCCV073247 (D. Iowa Nov. 14-15, 2000) [hereinafter Transcript].  Psychophysiology is the measurement of physiological responses with the aim of drawing conclusions regarding mental or psychological processes.  Id.  Psychophysiologists measure human bodily responses, like palm sweating, heart rate, blood pressure, and brain-wave signals to make inferences about what is going on in the person’s brain.  See id. at 148.  Cognitive psychophysiology, specifically, deals with information- processing in the brain, detecting physical measures.  See id. at 4.


� See discussion infra Part III.B.1.


� See discussion infra Part III.C and infra text accompanying notes � NOTEREF _Ref13657193 \p \h � \* MERGEFORMAT �57� and � NOTEREF _Ref13657246 \p \h � \* MERGEFORMAT �58�.


� See infra note � NOTEREF _Ref13656934 \p \h � \* MERGEFORMAT �56� and accompanying text.


� See discussion infra Part III.C.1 and infra text accompanying notes � NOTEREF _Ref13657693 \p \h � \* MERGEFORMAT �77�-� NOTEREF _Ref13657714 \p \h � \* MERGEFORMAT �82�.


� See infra discussion � PAGEREF _Ref14524550 \p \h ��on page 17�.


� See Transcript, supra note � NOTEREF _Ref13658141 \h � \* MERGEFORMAT �46�, at 18.


� See Gazzaniga et al., supra note � NOTEREF _Ref13744496 \p \h ��31�, at 129.  The surface electrodes measure the change in voltage corresponding to the difference in potential between the signal at a recording electrode and at a reference electrode.  Id.  This potential is recorded at the scalp because the tissues of the brain, skull, and scalp passively conduct the electrical currents produced by synaptic activity.  Id.


� See id. at 129-30.


� See id. at 131.  A more powerful approach was needed because the EEG recording tends to reflect the brain’s global electrical activity.  See id. at 129-31.


� See Michael D. Rugg & Michael G.H. Coles, Electrophysiology of the Mind: Event-Related Potentials and Cognition 5-6 (Oxford University Press 1995).  Signal averaging involves recording a number of EEG epochs, each of which is time-locked to repetitions of the same external event.  Id. at 6.  The digital EEG values for each time-point in the epoch are then averaged to yield a single vector of values representing the average activity at each time-point.  Id.  This is the average ERP.  Id.  Given the assumption that EEG activity not time-locked to the event will vary randomly across epochs, this “background” EEG will tend to average to zero, and the residual waveform after averaging should therefore largely represent activity that bears a fixed temporal relationship to the external event.  Id.  Scientists are aware that one of the disadvantages of signal averaging is that it cannot provide a direct estimate of the ERP elicited by individual events.  Id. at 6-7; see also Transcript, supra note � NOTEREF _Ref13658141 \p \h � \* MERGEFORMAT �46�, at 167-68.  For example, the background activity for a stimulus might be positive the first time, then negative the second time.  Id.  When both waves are averaged, the result might be zero.  Id. at 168.  But the ERP generated by the stimulus on the screen is going to be more or less the same each time the word is presented and averaging pulls out the ERP associated to the stimulus, while all other brain activity is canceled.  Id.


� See Gazzaniga et al., supra note � NOTEREF _Ref13744496 \p \h � \* MERGEFORMAT �31�, at 132.  The ERP is a tiny signal embedded in the ongoing EEG and it reflects neural activity that is specifically related to sensory, motor, or cognitive events.  Id.  The name ERP refers to the fact that the tiny brain-waves are related to the brain’s response to a stimulus and they are “potentials” in the electrical sense of the word.  See id. at 259; Rugg & Coles, supra note � NOTEREF _Ref13656934 \p \h � \* MERGEFORMAT �56�, at 1-2.


� See e.g., Rugg & Coles, supra note � NOTEREF _Ref13656934 \p \h � \* MERGEFORMAT �56�, at 2; Gazzaniga et al., supra note � NOTEREF _Ref13744496 \p \h � \* MERGEFORMAT �31�, at 259; Transcript, supra note � NOTEREF _Ref13658141 \p \h � \* MERGEFORMAT �46�, at 160 (testimony of William Iacono) [hereinafter Iacono].


� See Gazzaniga et al., supra note � NOTEREF _Ref13744496 \p \h � \* MERGEFORMAT �31�, at 132.  Currently, ERPs are best suited for research on the time course of cognition rather than on the brain structures that produce the electrical events.  Id. at 133.


� See e.g., Farwell, Supplement to Forensic Science Report: Brain Fingerprinting Test on Terry Harrington 5 (Nov. 10, 2000), available at � HYPERLINK http://www.brainwavescience.com/Harrington ��http://www.brainwavescience.com/Harrington�Supplement004figs.htm (last visited April 16, 2002) [hereinafter Supplement]; Rugg & Coles, supra note � NOTEREF _Ref13656934 \p \h � \* MERGEFORMAT �56�, at 1-3. The book focuses on the intersection of two scientific research areas: event-related brain potentials (ERPs) and cognitive psychology.  Id. at 1.


� See Supplement, supra note � NOTEREF _Ref13810290 \p \h � \* MERGEFORMAT �60�, at 5-6. Brain fingerprinting detects for a ERP brain-waves, which only take place during context updating.  Id.


� See Supplement, supra note � NOTEREF _Ref13810290 \p \h � \* MERGEFORMAT �60�, at 4-5.  The patterns of electrical brain-waves are measured non-invasively from the scalp with a headband equipped with sensors.  Id. at 4.  The signals are amplified, digitized, and analyzed by a computer.  Id. at 5. 


� See Gazzaniga et al., supra note � NOTEREF _Ref13744496 \p \h � \* MERGEFORMAT �31�, at 245. The concept of attention is both enigmatic and intuitive and to describe the mechanisms of attention selection at the neural level in humans, researchers use several tools, including electrical recordings of brain activity.  Id.  In the late 1960s and early 1970s, the first properly controlled experiments on the neurophysiology of attention were conducted on humans.  Id. at 259.  Other methods used to study the sensory, perceptual, cognitive, and motor processes of the brain include magnetic recordings of the brain and neuroimaging techniques.  Id. at 258.


� See Supplement, supra note � NOTEREF _Ref13810290 \p \h � \* MERGEFORMAT �60�, at 5-6.


� See id. at 7, “The Scientific Procedure.”  The stimuli can be in various representative forms, such as words, pictures, or phrases.  Id.


� See id. at 6.  The scientist initially collects the global measure of activity, the EEG, but then uses signal averaging to extract the time-locked ERP from the “noise” of other brain-waves.  Id. at 5.  This noise shows that the brain is processing a number of other stimuli in the environment.  Id.; see also Gazzaniga et al., supra note � NOTEREF _Ref13744496 \p \h � \* MERGEFORMAT �31�, at 259.


� See Supplement, supra note � NOTEREF _Ref13810290 \p \h � \* MERGEFORMAT �60�, at 5.


� See id.; see also supra text accompanying note � NOTEREF _Ref13656934 \p \h � \* MERGEFORMAT �56�.


� The scientist conducting the brain fingerprinting procedure could make conclusions by looking at the signal, but instead makes conclusions based on a mathematical analysis of the data.  See Transcript, supra note � NOTEREF _Ref13658141 \p \h � \* MERGEFORMAT �46�, at 15, 47-48.


� See Rugg & Coles, supra note � NOTEREF _Ref13656934 \p \h � \* MERGEFORMAT �56�, at 7-8.  The authors discuss that one controversial part of ERP research is defining or extracting the part or component of the ERP brain-wave to study.  Id. at 7.  See id. at 8-12 for a discussion on the different approaches to resolving the issues with identifying and extracting the parts of the ERP.


� See Supplement, supra note � NOTEREF _Ref13810290 \p \h � \* MERGEFORMAT �60�, at 5. 


� See id. Evoked potentials only measure sensory activity.  Id.  For example, exogenous ERPs measure the brain response to hearing a click in the ear.  See id.


� See id.


� See id. at 7; see also Transcript, supra note � NOTEREF _Ref13658141 \h � \* MERGEFORMAT �46�, at 160-61 (testimony of Iacono).  When the scientist records an ERP, a complex wave form with many components is actually recorded.  Id.  One component that occurs later is the P300 brain-wave, which has a typical latency of 300 milliseconds or longer.  Id.


� See Supplement, supra note � NOTEREF _Ref13810290 \p \h � \* MERGEFORMAT �60�, at 5.  Farwell explains context updating as “taking note of something.”  See id. For example, note the room you are currently sitting or standing in.  Id. If you close your eyes, you cannot see the room, but you still know you are there, because this “context” or information is stored in your brain.  Id. That internal representation of the current operating environment is a “schema”–a type of map of where you are.  Id.  If the door to the room you are in opens and an elephant comes in, the brain will recognize the elephant and consequently change the context.  Id. The brain needs to update the stored schema so that it includes this information and this activity is known as context updating.  Id.


� See e.g. id.; Transcript, supra note � NOTEREF _Ref13658141 \p \h � \* MERGEFORMAT �46�, at 161 (testimony of Iacono). The P300 is a wave elicited as a partial response to evaluating a stimulus, because it is significant, recognized, or somehow meaningful to the person who sees the event or hears the event.  Id.


� See Supplement, supra note � NOTEREF _Ref13810290 \p \h � \* MERGEFORMAT �60�, at 5.  These ERPs are manifestations of cognitive information-processing activity in the brain, not just sensory processing.  Id.


� See id.  The longer time signifies the brain’s cognitive processing of the information.


� See Rugg & Coles, supra note � NOTEREF _Ref13656934 \p \h � \* MERGEFORMAT �56�, at 95 (citing Sam Sutton et al., Evoked Potential Correlates of Stimulus Uncertainty, in Science 150, 1187-88 (1965)).  Sutton and his colleagues formally discovered the P300 in 1965.  Rugg & Coles, supra note � NOTEREF _Ref13656934 \p \h � \* MERGEFORMAT �56�, at 95.  A series of studies that tried to identify the conditions that influenced the amplitude and latency of the P300 component followed the discovery.  Id.


� See e.g., Rugg & Coles, supra note � NOTEREF _Ref13656934 \p \h � \* MERGEFORMAT �56�, at 94-95.  The P300 is the most frequently measured ERP component, and in part, its popularity can be traced to the ease with which it is measured.  Id. at 95.  The P300 is a positive component characterized by a parietally maximal scalp distribution, and a latency between 300 and 800 ms. Id.; Supplement, supra note � NOTEREF _Ref13810290 \p \h � \* MERGEFORMAT �60�, at 5.  The P300 is also known as P3, P3b, late positive complex (LPC), or the positive aspect of the MERMER.  Id.; Transcript, supra note � NOTEREF _Ref13658141 \p \h � \* MERGEFORMAT �46�, at 36.  For simple stimuli, the subject needs a short time to evaluate it or 300 milliseconds.  Id. If the stimulus takes longer to recognize, as occurs with the stimuli in brain fingerprinting, the subject’s brain won’t generally generate a P300 until 800 ms after the stimulus.  Id.


� See Supplement, supra note � NOTEREF _Ref13810290 \p \h � \* MERGEFORMAT �60�, at 5-7.


� See id. at 6.


� See Farwell, Forensic Science Report: Brain Fingerprinting Test on Terry Harrington § 4.2 (May 21, 2000), available at � HYPERLINK http://www.brainwavescience.com/Harrington ��http://www.brainwavescience.com/Harrington�TechReport005.htm (last visited April 16, 2002) [hereinafter Report].  MERA is the acronym for multifaceted electroencephalographic response analysis.  Id.  Brain fingerprinting uses an analysis called MERA to detect information stored in the brain.


� See Report, supra note � NOTEREF _Ref13833178 \h � \* MERGEFORMAT �83�, § 4.2. MERMER is the acronym for memory and encoding related multifaceted electroencephalographic response.  Id.


� See id.; Supplement, supra note � NOTEREF _Ref13810290 \p \h � \* MERGEFORMAT �60�, at 6.


� See Supplement, supra note � NOTEREF _Ref13810290 \p \h � \* MERGEFORMAT �60�, at 6 and Appendix 2, which is a plot of the MERMER.


� Report, supra note � NOTEREF _Ref13833178 \p \h � \* MERGEFORMAT �83�, § 4.2.


� Supplement, supra note � NOTEREF _Ref13810290 \p \h � \* MERGEFORMAT �60�, at 7.


� See id.


� See id. at 8.


� Id. Brain fingerprinting is based on the principle that the brain is central to all human acts.  Id. at 4.  In a criminal act, there may or may not be many kinds of peripheral evidence, but the brain is always there, planning, executing, and recording the crime.  Id.


� See id. at 8-9.  Stimuli can be words, phrases, or pictures flashed on a computer screen.  Id. at 9.


� Id.


� Id.


� Id. The stimuli are a mix of crime-relevant words or pictures and stimuli that would be equally plausible to an innocent suspect.  Id.


� Id.


� See id.


� See Harrington, supra note � NOTEREF _Ref13409750 \p \h � \* MERGEFORMAT �6�.  The test procedure was submitted as evidence for the plaintiff’s motion for a new trial.  See Transcript, supra note � NOTEREF _Ref13658141 \p \h � \* MERGEFORMAT �46�, at 30-31.  The report prepared by Farwell detailed the brain fingerprinting test as performed on Harrington and the analyses of the results.  See Supplement, supra note � NOTEREF _Ref13810290 \h � \* MERGEFORMAT �60�, at 9.  See State of Iowa v. Harrington, 284 N.W.2d 244 (Iowa 1979) (the original case) for a history of Harrington’s murder conviction.


� See Transcript, supra note � NOTEREF _Ref13658141 \p \h � \* MERGEFORMAT �46�, at 32.


� Id.


� See id.; id. at 50.  Farwell testified that he used salient features about the crime to design the stimuli.  See id.  And that based on research of what constitutes a memorable event, he designed the crime-relevant stimuli.  Id.


� See id. at 50.  The scientist’s goal is to find something that has emotional content, something unusual, unique, personal to the individual, something involving actions.  Id.


� Id. at 32.


� Id. at 45.


� See Supplement, supra note � NOTEREF _Ref13810290 \p \h � \* MERGEFORMAT �60�, at 9.  Harrington was shown words and short phrases.  Id.


� See id. at 9.  In Harrington’s case, the phrase was flashed for four tenths of a second.  Id.


� See id. at 10.


� See Report, supra note � NOTEREF _Ref13833178 \p \h � \* MERGEFORMAT �83�, § 4.3.


� See Transcript, supra note � NOTEREF _Ref13658141 \p \h � \* MERGEFORMAT �46�, at 35-36.  The bottom line on Targets is that the subject will recognize them.  Id. Because the person recognizes them, the brain engages in context updating that results in a P300.  Id.  Farwell testified that he knew Harrington would recognize the Targets, he did, and the test results showed a P300 within a MERMER.  Id. at 38.


� See Report, supra note � NOTEREF _Ref13833178 \p \h ��83�, § 4.3. The scientist does this to make sure the subject will take note of the Targets. See Supplement, supra note � NOTEREF _Ref13810290 \p \h � \* MERGEFORMAT �60�, at 10.  To confirm that Harrington knew about the Targets, Harrington was asked about the information contained in each one.  See Transcript, supra note � NOTEREF _Ref13658141 \p \h � \* MERGEFORMAT �46�, at 35.


� See Transcript, supra note � NOTEREF _Ref13658141 \p \h � \* MERGEFORMAT �46�, at 35-36.  Farwell testified that context updating occurs when a subject takes note of something, generating a P300.  Id.


� See Supplement, supra note � NOTEREF _Ref13810290 \p \h � \* MERGEFORMAT �60�, at 10.  The computer also measures the MERMER containing the P300.  Id.


� See Report, supra note � NOTEREF _Ref13833178 \p \h � \* MERGEFORMAT �83�, § 4.3.


� See Transcript, supra note � NOTEREF _Ref13658141 \p \h � \* MERGEFORMAT �46�, at 38.


� See id.  For example, say a Target was the murder weapon.  Id.  An Irrelevant might be some other weapon that could have been the murder weapon, but was not.  Id.  It will not be significant to the suspect.  Id.


� See Supplement, supra note � NOTEREF _Ref13810290 \p \h � \* MERGEFORMAT �60�, at 10.  Therefore, the Irrelevants are acting like control stimuli.  See id.


� See Transcript, supra note � NOTEREF _Ref13658141 \p \h � \* MERGEFORMAT �46�, at 17.


� See id. at 38-39.


� See Supplement, supra note � NOTEREF _Ref13810290 \p \h � \* MERGEFORMAT �60�, at 10.


� See Transcript, supra note � NOTEREF _Ref13658141 \p \h � \* MERGEFORMAT �46�, at 21-22.  The scientist examines the information on the crime and comes up with items that the suspect has never been told in either courtroom proceedings or in interrogations, but would know if he committed the crime.  See id.  The scientist asks the suspect whether or not he knows any information specifically about the crime.  See id.  The suspect will answer no, he does not know, and then the test is run.  See id.


� See Supplement, supra note � NOTEREF _Ref13810290 \p \h � \* MERGEFORMAT �60�, at 10.


� See e.g., id.; Transcript, supra note � NOTEREF _Ref13658141 \p \h � \* MERGEFORMAT �46�, at 17 for Farwell’s testimony on the Probes.


� See Supplement, supra note � NOTEREF _Ref13810290 \p \h � \* MERGEFORMAT �60�, at 10.


� See id.


� See e.g., id.; Transcript, supra note � NOTEREF _Ref13658141 \p \h � \* MERGEFORMAT �46�, at 43-44.


� See Supplement, supra note � NOTEREF _Ref13810290 \p \h � \* MERGEFORMAT �60�, at 10.


� See id. at 11.  For example, if the investigated situation involves an espionage crime in which the subject had to find a contact with a blue coat, “Blue Coat” could be a Probe stimulus.  Id.  “Red scarf” could be an Irrelevant stimulus.  Id.  If someone participated in the crime, he would recognize the significance of “Blue Coat” and his brain response would contain a P300.  Id.


� See id. at 10.  The innocent suspect’s brain will not respond with a P300 to the Irrelevants or the Probes.  Id.


� See Transcript, supra note � NOTEREF _Ref13658141 \p \h � \* MERGEFORMAT �46�, at 50.


� See id.  The scientist wants to know whether the subject’s brain contains a record of the alibi, if the subject does not recognize crime-relevant stimuli.  Id.  Harrington was tested for the alibi information.  Id.  Farwell also conducted a parallel analysis to the alibi test during a study on real life and laboratory events conducted in 1991.  Id.  Farwell tested 30 subjects for events they had participated in and events they had not.  Id.  He could tell by looking at the brain responses, which of the two events, the subjects had participated in.  Id.


� See id.  For the Harrington test, Farwell gathered information about the events of the evening as told by alibi witnesses who claimed that Harrington was not in Council Bluffs, Iowa, but in Omaha at a concert.  Id.


� See id.


� See id. at 50-51.


� See id. at 51.  These are items the scientist discusses with the subject.  Id.  The subject is instructed on which button to push when he or she encounters these stimuli.  Id.


� Id.


� See Supplement, supra note � NOTEREF _Ref13810290 \p \h � \* MERGEFORMAT �60�, at 11.


� Id.


� Id.


� Id.


� Id.


� See Transcript, supra note � NOTEREF _Ref13658141 \p \h � \* MERGEFORMAT �46�, at 52.


� See id.


� See id. at 45.  EEG amplifiers amplify the signals obtained from the sensors.  Id.  The data is digitized, which means the voltages are converted into numbers, and those numbers are fed into a computer for analysis.  Id.


� See id.  Farwell testified that bootstrapping is a well-researched, well-accepted statistical technique for comparing data of different types, especially when that data has an unusual or unknown distribution, which correlations of brain-waves tend to have.  Id.  Wasserman, Bockenholt, and others have published on it.  See id. at 47. 


� See id. at 45-46; id. at 47.


� See id. at 46.


� See Report, supra note � NOTEREF _Ref13833178 \p \h � \* MERGEFORMAT �83�, § 3.5.2.


� See Supplement, supra note � NOTEREF _Ref13810290 \p \h � \* MERGEFORMAT �60�, beginning at 3.  Farwell, an expert in cognitive psychophysiology, developed the brain fingerprinting technique, ran the test on Harrington, and testified for Harrington.  See id.  Farwell has an undergraduate degree from Harvard University and a Master’s and Ph.D. in Biological Psychology from the University of Illinois.  Id.  Prior to receiving his Ph.D., he was consultant to the Central Intelligence Agency (“CIA”) on brain research and its use in detecting concealed information.  See id.  After his Ph.D., Farwell worked as a research associate in the Dept. of Psychiatry at the Harvard Medical School.  See id.  His current position is Director and Chief Scientist of the Human Brain Research Laboratory.  Id.  At the hearing, he testified that he specializes in cognitive psychophysiology.  Id. Cognitive psychophysiology specifically deals with information-processing in the brain and detecting that through physical measures.  See e.g., id.; Report, supra note � NOTEREF _Ref13833178 \p \h � \* MERGEFORMAT �83�, at Appendix 3 (Farwell’s Curriculum Vitae).


� See Daubert, 509 U.S. at 593.


� See Supplement, supra note � NOTEREF _Ref13810290 \p \h � \* MERGEFORMAT �60�, at 7.  Farwell approximates the number of publications to be in the thousands.  Id. 


� See e.g., id.; Transcript, supra note � NOTEREF _Ref13658141 \p \h � \* MERGEFORMAT �46�, at 160.  Iacono testified on the science of the ERP, the brain-wave measured when subjects are shown stimuli.  Id.  He testified that the measurement of the ERP as a scientific procedure is very well established, that they have been measured for decades, and that there are thousands of publications on the measurement of ERPs.  Id. 


� See Rugg & Coles, supra note � NOTEREF _Ref13656934 \p \h � \* MERGEFORMAT �56�, at 94-95. Researchers are currently trying to identify the conditions that influence the amplitude and latency of the P300.  See id. at 95.


� See id.  Two stimuli, or classes of stimuli, occur in a Bernoulli sequence.  Id.  The probability of one stimulus is generally less than that for the other and the subject’s task is typically to count the rarer of the two stimuli.  Id.  For example, the subject could be shown pictures of three stimuli such as a bat, gun, and knife. Telephone Interview with Farwell, Pres., Human Brain Research Laboratory, Inc. (June 12, 2002).  The subject’s task is to use the left hand to indicate when it believes the stimulus is a weapon and to use the right hand to indicate every other type of stimulus.  Id.


� See Rugg & Coles, supra note � NOTEREF _Ref13656934 \p \h � \* MERGEFORMAT �56�, at 95.  One notable feature of the P300 is that it can be elicited by a variety of stimuli or events.  Id.  The only requirement is that the events have distinct onsets, and that they are classifiable into two or more categories.  Id.


� See id. at 97.


� See e.g., Supplement, supra note � NOTEREF _Ref13810290 \p \h � \* MERGEFORMAT �60�, at 7-8; Transcript, supra note � NOTEREF _Ref13658141 \p \h � \* MERGEFORMAT �46�, at 160-61 (testimony of Iacono).


� See Transcript, supra note � NOTEREF _Ref13658141 \p \h � \* MERGEFORMAT �46�, at 161.


� Id.


� See id.  Scientific expert Iacono testified that there might be 50 or more such studies.  Id. 


� See id. at 156.  Iacono, Prof. of Psychology and Neuroscience at the University of Minnesota at the time of the Harrington trial, testified for the plaintiff, Harrington.  Id. at 148.  Iacono has published as many as a dozen papers on the ERP and has studied the heritability of the P300 using twins.  Id. at 157.  He developed his own procedure for using the P300 to assess concealed memories.  Id.  He testified that P300s have been measured for many decades and that there are thousands of publications on their measurement.  Id. at 160.  He also testified that the P300 detection technique has a solid scientific basis while other techniques, i.e., polygraph, do not.  Id. at 181.


� See Conditional Brief of Amicus Curiae in Support of Appellant Harrington at 38, Harrington v. State of Iowa, No. PCCV073247 (Iowa 2001) [hereinafter Brief].  The district court found the P300 has been a recognized science for nearly twenty years, has been subject to testing and peer review in the scientific community, and that the consensus among the community of psychophysiologists is that the P300 is valid.  Id. at 33-34. 


� The standard in Iowa is defined in Leaf v. Goodyear Tire & Rubber Co., 590 N.W.2d 525 (Iowa 1999).  Trial courts may consider the following factors if helpful in a particular case: (1) whether the theory or technique is scientific knowledge that can and has been tested, (2) whether the theory or technique has been subject to peer review or publication, (3) the known or potential rate of error, or (4) whether it is generally accepted within the relevant scientific community.  Id. at 553.


� See Brief, supra note � NOTEREF _Ref14097231 \p \h � \* MERGEFORMAT �161�, at 35-36.


� See Transcript, supra note � NOTEREF _Ref13658141 \p \h � \* MERGEFORMAT �46�, at 6.


� See id.  During the FBI study, Farwell noticed that after the positive response, there was a negative deflection that seemed to take place consistently.  Id. at 18.  See discussion infra Part IV.A.3 on the FBI studies.


� See Transcript, supra note � NOTEREF _Ref13658141 \p \h � \* MERGEFORMAT �46�, at 6.  Initially papers looked at short potentials that had to do with sensory processing, but then looked at data that took place a little longer after the stimulus, which had to with cognitive processing.  Id.


� See id. 17-18.  Positive refers to the brain-wave’s positive charge.  Id.  It is maximal at the parietal midline area of the brain, the top of the back of the head, and it indicates that the person is taking note of the stimulus.  Id.


� See e.g., id.; id. at 161 (Iacono testimony).


� See id. at 18.  By negative, Farwell is referring to the negative voltage on the scalp.  See id.


� See id. at 19.  Farwell testified that during the tests he ran for the CIA and FBI, he conducted the test in terms of the P300, but he also analyzed the data for the MERMER.  See discussion infra Part IV.A.3.


� See Transcript, supra note � NOTEREF _Ref13658141 \p \h � \* MERGEFORMAT �46�, at 19.  Though Farwell testified that all scientists in the field of cognitive psychophysiology have accepted the P300, the MERMER has only been published by Farwell and Sharon Smith of the FBI in the Journal of Forensic Sciences.  Id.  He testified that it is a new concept and does not have the scientific acceptance that the P300 has.  See id.


� See id. at 18.  Farwell testified that he can perform brain fingerprinting by using the P300 and not extending the analysis out to the MERMER.  Id.


� See id. at 181 (Iacono testimony).


� See id. at 182.  Iacono testified on the P300 and the MERMER.  Id.  He stated that Farwell’s MERMER is a reasonable extension of the valid science of the P300 and that Farwell is only trying to take advantage of the additional information contained in the later part of the response.  Id. at 183.  


� See id. at 7.  By “real life” information, I mean information regarding actual real life events of the subjects.


� See id.  The study later became a part of a paper written by Farwell and Donchin 1991.  See infra note � NOTEREF _Ref14863566 \p \h ��221� for citation.


� See Transcript, supra note � NOTEREF _Ref13658141 \p \h � \* MERGEFORMAT �46�, at 7.  Farwell used four college students as his subjects.  Id.


� See id. In order to gather information for the stimuli, Farwell asked the subjects’ roommates for situations that the subjects had been involved in that were either crimes or socially undesirable acts.  Id.


� See id. The scientists developed a set of words or phrases, some which were relevant to the crimes or undesirable events, and others that were not.  Id. at 8.  Farwell did not tell the subjects what type of situation he was interested in.  Id.  The mixed stimuli were presented on a computer screen.  Id.


� Id.  Farwell could tell which stimuli the subjects recognized by using the P300 brain response.  Id.


� Id.


� Id.


� Id.


� Id. Farwell testified that this is the predictable result from the literature, because the P300 response is present when the subject is taking note of something familiar to the subject.  Id.


� Id. at 10.


� Id.  This was also incorporated into the 1991 Farwell and Donchin study.  See infra note � NOTEREF _Ref14863566 \p \h ��221� for citation.


� Id. at 10-11.


� Id. at 11. Farwell wrote software to acquire the data and software to analyze the data.  Id.


� Id.  When subjects recognized the stimuli on the computer screen, their brain responded with a P300.  Id.


� Id.


� Id.  Indeterminate responses were measured in 12 ½ % of the cases.  See also Supplement, supra note � NOTEREF _Ref13810290 \p \h � \* MERGEFORMAT �60�, at 24 (Table 2).  The indeterminate conclusions are only a result of this “mock” experiment.


� See Report, supra note � NOTEREF _Ref13833178 \p \h � \* MERGEFORMAT �83�, § 3.2.


� See id. at § 4.5.1.  The method distinguished between FBI agents and non-agents from a group of 21 subjects.  Id. Farwell arrived at his conclusions by looking at the mathematical analysis, which said either “information present” or “information absent.”  See Transcript, supra note � NOTEREF _Ref13658141 \p \h � \* MERGEFORMAT �46�, at 13-14.


� See id.  Farwell wanted to determine whether brain fingerprinting could detect members of a group or people with a particular knowledge, e.g., members of a foreign intelligence organization or a terrorist organization.  Id.


� See Report, supra note � NOTEREF _Ref13833178 \p \h � \* MERGEFORMAT �83�, § 4.5.1.  Farwell conducted the study at the FBI in collaboration with SSA Sharon Smith of the FBI Laboratory.  Id.; see also Transcript, supra note � NOTEREF _Ref13658141 \p \h � \* MERGEFORMAT �46�, at 12 for a discussion of the study.


� See Transcript, supra note � NOTEREF _Ref13658141 \p \h � \* MERGEFORMAT �46�, at 12.  The activity was not necessarily a crime–just real life activities the subjects had engaged in.  Id. For each person tested, a person who knew about their life was given permission to tell the researchers something the subject had done.  Id.


� Id.


� Id.


� See e.g., id. at 13; Report, supra note � NOTEREF _Ref13833178 \p \h � \* MERGEFORMAT �83�, § 4.5.2 for a comment on the three studies.  All three studies were done only in terms of the P300.  Transcript, supra note � NOTEREF _Ref13658141 \p \h � \* MERGEFORMAT �46�, at 19.  Farwell conducted the additional MERMER analysis, but did not incorporate those results into his conclusions.  Id.


� See Report, supra note � NOTEREF _Ref13833178 \p \h � \* MERGEFORMAT �83�, § 4.5.2.  The Target stimuli were pictures presented on a computer screen.  Id.


� See id.  The stimuli included visually-presented words and phrases.  Id.


� See id. at § 4.5.3.  Farwell conducted this experiment at the U.S. Navy in collaboration with Navy LCDR Rene Hernandez, Ph.D.  Id.  The subjects were shown words, phrases, and acronyms on a computer screen.  Id.


� Id.  Contact information for Dr. Hernandez is found in Report, supra note � NOTEREF _Ref13833178 \p \h � \* MERGEFORMAT �83�, at Appendix 4.


� See Transcript, supra note � NOTEREF _Ref13658141 \p \h � \* MERGEFORMAT �46�, at 25.


� Id.  Farwell performed the test for an internal investigation for the Alexandria Police Dept., which did not go to trial.  Id.


� See id.


� See Report, supra note � NOTEREF _Ref13833178 \p \h � \* MERGEFORMAT �83�, § 4.5.4.  On January 7, 1984, Julie Helton was abducted, raped, and murdered.  Id.  Her body was found four days later near a railroad track in Macon.  Id.; Transcript, supra note � NOTEREF _Ref13658141 \p \h � \* MERGEFORMAT �46�, at 25.


� Report, supra note � NOTEREF _Ref13833178 \p \h � \* MERGEFORMAT �83�, § 4.5.4.  Referring to Sheriff Robert Dawson.  Id.


� Id.  James Grinder was the primary suspect in the case.  Id.  Over 15 years, he gave several contradictory accounts of the crime.  Id.  In some accounts, he participated in the crime, while in others he did not.  Id.  Grinder’s accounts contradicted both physical evidence and the statements of an alleged witness.  Id.


� Id.  The test was conducted on August 5, 1999.  Id.


� Id.  The test identified Grinder as the killer with a statistical confidence of 99.9%.  Id.  Grinder faced almost certain conviction and a probable death sentence.  Id.  When given the opportunity to plead guilty in exchange for life in prison, he took the plea bargain.  Id.  Grinder later confessed to the murders of three other women.  Id.


� See Transcript, supra note � NOTEREF _Ref13658141 \p \h � \* MERGEFORMAT �46�, at 28.  Farwell testified that the P300 science had been tested in many laboratories around the world and has been very well established for decades.  Id.


� Report, supra note � NOTEREF _Ref13833178 \p \h � \* MERGEFORMAT �83�, § 4.5.5.  There were no false positives, no false negatives, and no indeterminates.  Id.


� Id.


� See e.g., id. at Appendix 3; Transcript, supra note � NOTEREF _Ref13658141 \p \h � \* MERGEFORMAT �46�, at 28 (referring to Iacono’s testimony).


� See Farwell, Brief Analysis of Testimony by Farwell, Iacono, and Donchin Regarding Brain Fingerprinting, the Daubert and Frye Standards, and Related Issues. (Nov. 14, 2000), 


� See Report, supra note � NOTEREF _Ref13833178 \p \h � \* MERGEFORMAT �83�, § 3.2 (citing Farwell’s Curriculum Vitae at Appendix 3) [hereinafter CV].


� See id. at Appendix 3, pp 29-30 for publication citations; See id. at pp 31-33 for complete list of presentations.


� See id. at 29-31.


� Farwell, R.D. Chambers, G.A. Miller, M.G.H. Coles & E. Donchin, A Specific Memory Deficit in Elderly Subjects Who Lack a P300, in Psychophysiology 23, 589 (1985).


� Farwell & E. Donchin, The “Brain Detector:” P300 in the Detection of Deception, in Psychophysiology 24:434 (1986); The Truth Will Out: Interrogative Polygraphy with Event-Related Brain Potentials, in Psychophysiology 24:454 (1988); Detection of Guilty Knowledge with ERPs, in Psychophysiology 26:58 (1989); The Truth Will Out: Interrogative Polygraphy (“Lie Detection”) With Event-Related Potentials, in Psychophysiology 28:531-547 (1991); Farwell, The Brain-Wave Information Detection (BID) System: A New Paradigm for Physiological Detection of Information (1992) (unpublished Ph.D. dissertation, University of Illinois) (on file with author); Office of Research and Development of the CIA, The Farwell System for Event-Related Brain Potential Information Detection: A New Paradigm in Psychophysiological Detection of Concealed Information (1992); Two New Twists on the Truth Detector: Brain-Wave Detection of Occupational Information, in Psychophysiology 29, 4A:S3 (1992); Brain MERMERS: Detection of FBI Agents and Crime-Relevant Information with the Farwell MERA System, Proceedings of the International Security Systems Symposium, Washington, D.C. (1993); Farwell & D.A. Richardson, Human Brain Research Laboratory, Inc., Detection of FBI Agents with the Farwell MERA System: A New Paradigm for Psychophysiological Detection of Concealed Information (1993).


� Farwell et al., Optimal Digital Filters for Long Latency Event-Related Brain Potentials, in Psychophysiology 30, 3, 306-15 (1993); Filtered Noise Can Mimic Low Dimensional Chaotic Attractors, in Physical Review E 47, 4, 2289-97 (1993).


� E. Donchin et al., The Endogenous Components of the Event-Related Potential–A Diagnostic Tool? in Advances in Brain Research (1986); T.R. Bashore et al., Research in Geriatric Psychophysiology, in Annual Review of Gerontology and Geriatrics (1987); Farwell & G.W. Farwell, Quantum-Mechanical Processes and Consciousness, in Bulletin of the American Physical Society 40, 2, 956-57 (1995).


� Farwell & S.S. Smith, Using Brain MERMER Testing to Detect Concealed Knowledge Despite Efforts to Conceal, in Journal of Forensic Sciences (2001).


� Farwell & E. Donchin, Talking Heads: A Mental Prosthesis for Communicating with Event-Related Brain Potentials of the EEG, in Psychophysiology 24:434 (1986); Talking Off the Top of Your Head: A Mental Prosthesis Utilizing Event-Related Brain Potentials, in Electroencephalography and Clinical Neurophysiology 70: 510-13 (1988).


� U.S. Patent #5,363,858: Method and Apparatus for Multifaceted Electroencephalographic Response Analysis (MERA), Nov. 15, 1994 (patent is on the MERMER brain response, brain fingerprinting, and all other applications of the MERMER); U.S. Patent #5,406,956: Method and Apparatus for Truth Detection, April 18, 1995 (patent is on the brain fingerprinting technique using the P300 only); U.S. Patent #5,467,777: Method for Electroencephalographic Information Detection, Nov. 21, 1995 (patent is on various technical refinements to the technique).


� See Daubert, 509 U.S. at 594.  The two benchmarks apply to all sciences judged under Daubert.


� See id. Despite these two measures, no single concept in science is regarded as 100% accurate in total.


� See Report, supra note � NOTEREF _Ref13833178 \p \h � \* MERGEFORMAT �83�, § 3.2. 


� See Transcript, supra note � NOTEREF _Ref13658141 \p \h � \* MERGEFORMAT �46�, at 30.


� See id.  When the computer makes a determination from the data, it is qualified with a statistical confidence. Id.  The algorithm will produce an “indeterminate” result if the data was insufficient to derive a conclusion. Id. at 57-58.


� See id.


� See id. beginning at 171 for an explanation on how Iacono formatted his studies with the brain fingerprinting procedures such as bootstrapping and measuring the P300.


� See id. at 172.


� See id.  The researchers were trying to detect the P300 in each subject.  Id.


� Id.  The researchers created the three different levels of motivation as an attempt to vary people’s motivation to conceal the information that they were trying to detect with the P300 wave.  Id.


� Id.


� See id. at 172-73.


� Id. at 173.


� See id. at 174.


� Id.


� See e.g., id. at 22-23, 184-85 (Iacono testimony); Supplement, supra note � NOTEREF _Ref13810290 \p \h � \* MERGEFORMAT �60�, at 11.


� See Transcript, supra note � NOTEREF _Ref13658141 \p \h � \* MERGEFORMAT �46�, at 188 (Farwell’s testimony) and at 184-85 (Iacono’s testimony).


� See id. at 185.  Iacono testified that people can manipulate galvanic skin responses measured during “the guilty knowledge test” by tightening up muscles, holding their breath, or curling their toes.  Id.


� See id.


� See id. at 23, 184-85; see also Supplement, supra note � NOTEREF _Ref13658141 \p \h � \* MERGEFORMAT �46�, at 11.


� See Supplement, supra note � NOTEREF _Ref13810290 \p \h � \* MERGEFORMAT �60�, at 11.


� See id.


� Id.


� See id. at 12. The suspect may have learned the information through an interrogation or means other than committing the crime.  Id.


� Id.


� See id. at 12-13.


� See id. at 12.


� Id.


� See id. The fingerprints might belong to a witness who was at the scene, yet the investigators of the crime could accuse the witness from the fact that their fingerprint was found at the crime scene.  Id.


� See id.


� Id. 


� Id.  It is more typical that a suspect claiming to be innocent will not claim to have been at the crime scene.  Id.


� See U.S. Const. amend. VI (“In all criminal prosecutions, the accused shall enjoy the right...to be confronted with the witnesses against him.”).


� See Transcript, supra note � NOTEREF _Ref13658141 \p \h � \* MERGEFORMAT �46�, at 24.


� Id.  For example, if someone disappears and the researchers are unsure whether there has even been a crime committed or where a crime was committed, but the researchers do not have enough information to run the test.  Id. 


� See id.


� Id.


� See id. at 73 (Farwell’s cross-examination). 


� See id.  


� See Report, note � NOTEREF _Ref13833178 \p \h � \* MERGEFORMAT �83�, § 4.4.


� See Transcript, supra note � NOTEREF _Ref13658141 \p \h � \* MERGEFORMAT �46�, at 15. The data’s interpretation would be less subjective if the scientist interpreted the results by looking at the brain-wave shapes.


� See id. at 20.  The test stimuli are usually in the form of words, but picture stimuli can be used.  See id. at 16.


� See id. at 15.


� See id.


� See Report, supra note � NOTEREF _Ref13833178 \p \h � \* MERGEFORMAT �83�, § 4.4.


� See Transcript, supra note � NOTEREF _Ref13658141 \p \h � \* MERGEFORMAT �46�, at 47-48.  Farwell testified that his report on the brain fingerprinting technique is the mathematical determination, and not his observations of the plots.  Id. 


� See id. at 15, 47-48.


� See id.  Bootstrapping is a well published statistical technique that is generally accepted in the statistical literature.  Id.


� See id. at 170-71.  Iacono testified that he developed a similar procedure to the one in the Farwell and Donchin study discussed supra Part IV.A.3.  See Transcript, supra note � NOTEREF _Ref13658141 \p \h � \* MERGEFORMAT �46�, at 171 where Iacono notes the differences between his procedure and Farwell’s.  Id.  Iacono published a comparison of his work to Farwell’s, in which he used Farwell’s bootstrapping analysis and found that the results to be highly accurate.  See id. at 172.


� See Transcript, supra note � NOTEREF _Ref13658141 \p \h � \* MERGEFORMAT �46�, at 17; see also discussion supra Part III.D.


� See Transcript, supra note � NOTEREF _Ref13658141 \p \h � \* MERGEFORMAT �46�, at 17.


� See Supplement, supra note � NOTEREF _Ref13810290 \p \h � \* MERGEFORMAT �60�, at 13.


� See id.


� See id.


� See id. The guilty suspect might make up a false reason for why a Probe is significant, but the stimulus will still be deleted from the test.


� See id.


� See id. at 48-49.


� See id. at 48, 168.  Iacono’s “guilty knowledge test” (“GKT”) improved in accuracy as a result of using brain response measures.  Id.  The GKT measures galvanic skin responses (“GSR”) to stimulus—which can be problematic.  Id.  If people are under-aroused, there is little information to work on. Id. at 169.  The autonomic nervous system responses are also very affected by emotions and extraneous factors, which might generate a GSR that is incorrect in the context of trying to determine if that response is linked to a particular memory that a person has when he or she sees a word.  Id.; see infra notes � NOTEREF _Ref14362419 \p \h � \* MERGEFORMAT �308�, � NOTEREF _Ref14362440 \p \h � \* MERGEFORMAT �310� and accompanying text.


� See id. at 169-70.  In the GKT, people can manipulate their GSR by doing things like biting their tongue.  Id. at 169.  In measuring the GSR, there can be a lot of “noise,” making it a less than ideal index of memory.  Id.  By using the P300 (a measure unaffected by manipulation factors) and brain fingerprinting (an elaboration of the GKT), the results are more accurate.  Id. at 170. 


� Id. at 48.


� Id. at 49.  Farwell’s reports of the test include an explanation of the technical procedures used.  Id. at 48.


� See id. at 174.  Based on Iacono’s variation of the Farwell and Donchin study, Farwell’s procedure of using three different types of stimuli and presenting them in certain proportions can prevent minor variations in procedure from compromising the results.  Id.  In the original Farwell and Donchin study and Iacono’s, there were no classification errors.  Id.  This suggests that the P300 effect is strong enough to overcome minor variations in procedure and procedural errors.  Id.


� See id. beginning at 203 (testimony of Emanuel Donchin, Farwell’s mentor in the initial study of the technique).


� See id. at 208-209, 210, 222-23.


� See id. at 209, 210. Donchin did concede that Farwell was skillful in designing the stimuli used in the studies they ran in 1991.  Id. at 223, 225.


� See id. at 222-23.  One example is the 1991 Farwell & Donchin study.  Id.


� See id. at 60.


� See id. at 60-62.  The scientist must go over the significance of the Probes, without naming them.  Id. at 63.  The stimuli are presented in a particular context–specifically, that of the crime.  Id.


� See id. at 61.


� See id.


� See id. at 210.


� See id. at 59 (Farwell’s cross-examination).  He was asked whether the subject’s memory has to be perfect.  Id.


� Id.


� Id.


� See Transcript, supra note � NOTEREF _Ref13658141 \p \h � \* MERGEFORMAT �46�, at 50.  This part of the test responds to the critique that brain fingerprinting may be inaccurate if the suspect has suffered memory loss.  See discussion infra Part VI.


� See Transcript, supra note � NOTEREF _Ref13658141 \p \h � \* MERGEFORMAT �46�, at 49, 50.


� Report, supra note � NOTEREF _Ref13833178 \p \h ��83�, § 4.5.  The system had 100% accurate scientific results in all studies, field tests, and actual cases conducted at the FBI, a U.S. Intelligence Agency, the Alexandria (VA) Police Department, the offices of the Macon County (MO) Sheriff, and other organizations and individuals. See id. at §§ 4.5-4.5.5 for description of tests.


� Interview with Jeffrey D. Schall, Ph.D., Professor of Cognitive Science, Vanderbilt University, in Nashville, Tenn. (April 2002).


� See e.g., Rugg & Coles, supra note � NOTEREF _Ref13656934 \p \h � \* MERGEFORMAT �56�, at 95; Supplement, supra note � NOTEREF _Ref13810290 \p \h � \* MERGEFORMAT �60�, at 8; Transcript, supra note � NOTEREF _Ref13658141 \p \h � \* MERGEFORMAT �46�, at 181.


� See e.g., Supplement, supra note � NOTEREF _Ref13810290 \p \h � \* MERGEFORMAT �60�, at 8; Transcript, supra note � NOTEREF _Ref13810290 \p \h � \* MERGEFORMAT �60�, at 161.


� Transcript, supra note � NOTEREF _Ref13658141 \p \h � \* MERGEFORMAT �46�, at 161.  Iacono testified that were about 50 published studies on this specifically.  Id.


� See id. at 153.  The procedure consists of the scientist asking the subject a number of questions in a multiple-choice format and measuring physiological responses to the multiple-choice alternatives.  Id.  The multiple-choice alternative that elicits the largest physiological response is examined to see if it is linked to the crime relevant knowledge that the test is assessing.  Id.  The test’s premise is that the subject’s body gives a recognition memory response to the multiple-choice alternative that reflects guilty knowledge if the subject is guilty.  Id.


� See id. at 163. In order to determine how well accepted a specific procedure is as a valid science; the researcher conducts an empirical study that asks scientists in the relevant field what their opinions are with regard to the technique.  Id.  The 400 psychologists questioned were members of the Society for Psychophysiological Research and the American Psychological Association and 75% indicated that it was a sound test.  Id. at 164.  The study was published in the Journal of Applied Psychology.  Id. at 163.


� See id. at 166.  Iacono testified that brain fingerprinting is an extension of the guilty knowledge test.  Id.  The latter uses electrical signal recordings to study concealed memories. Id. at 152, 166.  The test determines whether or not a person has knowledge of a crime that only the perpetrator would be expected to know.  Id. at 152.  The procedure typically measures autonomic nervous system responses, such as palm sweating.  Id.  As of 2000, the most significant change to test has been replacing the GSR with measuring the ERP.  Id. at 154. 


� See id. at 164-65.


� Id. at 165.


� See id. at 168.  Iacono testified that in his view the brain fingerprinting technique is a valid application of the guilty knowledge test and it has a high degree of acceptance in the scientific community.  Id.


� See id. at 179-80.  Iacono testified that in his opinion, the procedures were well accepted.  Id.


� See id. at 167.  The stimuli must be presented to the subject multiple times, because one cannot get a clear index of the brain response from a single stimulus presentation.  See explanation of “noise” and “signal averaging” supra Part III.B.1.


� See id. at 168.


� Id. at 29; see also id. at 160, 168 (Iacono testimony).


� Id. at 29.


� See id. at 168.  The Supreme Court cited Iacono’s work in its decision in United States v. Scheffer, 118 S. Ct. 1261 (1998).  Transcript, supra note � NOTEREF _Ref13658141 \p \h � \* MERGEFORMAT �46�, at 151.


� By “Report” of the brain fingerprinting test, I mean the actual written report of the results and the scientist’s testimony or oral report on the test and analysis.


� See discussion supra Part IV.C.1.


� See Report, supra note � NOTEREF _Ref13833178 \p \h � \* MERGEFORMAT �83�, § 4.6 and discussion supra Part IV.A.1.


� See discussion supra Part IV.C.2.


� See discussion supra Part IV.B.


� See discussion supra Part IV.C.1.  The rate of error is low when the situation is appropriate for the test and the procedure has been followed.  See discussion supra Part IV.C.1.


� See Transcript, supra note � NOTEREF _Ref13658141 \p \h � \* MERGEFORMAT �46�, at 57-58.  This claim applies to the studies where the mathematical analysis generated a determination of “information present” or “information absent.”  Id.


� See discussion supra Part IV.C.


� See discussion supra Part IV.C.2.


� See discussion supra Part IV.C.1.  Some of the situations include the following: lack of crime-relevant information; two people, both present at the scene of the crime, are under investigation; the suspect was intoxicated at the time of the crime; and the suspect will not cooperate during the administration of the test.


� See Report, supra note � NOTEREF _Ref13833178 \p \h � \* MERGEFORMAT �83�, § 4.6 and discussion supra Part IV.D.


� See discussion supra Part IV.A.3.


� See discussion supra Part IV.B.


� See discussion supra Part IV.D.


� Id. at 593.


� See Daubert, 509 U.S. at 593.


� See Transcript, supra note � NOTEREF _Ref13658141 \p \h � \* MERGEFORMAT �46�, at 27 (State of Iowa’s objection to the report of brain fingerprinting offered by the plaintiff, Harrington).  The likely objections will be under Rules 402, 403, and 702.  Id.


� See Daubert, 509 U.S. at 589, 597.


� See id.


� Id. at 589-590.


� See id.


� Id. at 590.


� Id. at 591.


� Though some conclusions may be out-dated if, for example, the offering party presents evidence that there has been more peer-review of the technique.


� See Richard Nagareda, Reconceiving the Right to Present Witnesses, 97 Mich. L. Rev. 1063, 1064 (1999).  Id. The right is not set forth explicitly in the text of the Constitution itself, but the Court has correctly regarded it as a necessary implication of the Compulsory Process Clause of the Sixth Amendment.  Id. (citing U.S. Const. amend. VI.). At various times, the Court also has pointed to other sources for the right to present witnesses, including implications from the Fifth Amendment right against self-incrimination and notions of adversarial fairness implicit in the Due Process Clause.  See id. (citing Rock v. Arkansas, 483 U.S. 44, 51-53 (1987)).


� Nagareda, supra note � NOTEREF _Ref15042850 \p \h ��344�, at 1064.  The other significant constitutional override is the Confrontation Clause of the Sixth Amendment.  Id. (citing U.S. Const. amend. VI).


� Nagareda, supra note � NOTEREF _Ref15042850 \p \h ��344�, at 1065 (citing Washington v. Texas, 388 U.S. 14, 16 (1967) (striking down state evidence rule that disqualified accomplices as witnesses for defense, but not as witnesses for prosecution).).


� Nagareda, supra note � NOTEREF _Ref15042850 \p \h ��344�, at 1065.  See e.g., Rock v. Arkansas, 483 U.S. 14, 16 (1967) (striking down state evidence rule that disqualified accomplices as witnesses for defense, but not as witnesses for prosecution); Chambers v. Mississippi, 410 U.S. 284, 299 (1973) (striking down hearsay exception for statements against penal interest that permitted statements against pecuniary interest but not those against penal interest, as applied to bar third-party defense witnesses).


� Nagareda, supra note � NOTEREF _Ref15042850 \p \h ��344�, at 1065-66 (citing Rock, 483 U.S. at 56; United States v. Scheffer, 118 S.Ct. 1261, 1264 (1998)).


� Nagareda, supra note � NOTEREF _Ref15042850 \p \h ��344�, at 1066.


� See Peter Westen, The Compulsory Process Clause II, 74 Mich. L. Rev. 191, 203 (1975).


� E-mail from Richard Nagareda, Professor, Vanderbilt University Law School, to Note Author (April 28, 2002, 06:44:55 CST) (on file with Note author).


� Jury instructions in criminal trials are governed by Fed. Rules Cr. Proc. Rule 30.


� See infra note � NOTEREF _Ref14612379 \p \h ��355�.


� By integrity, I mean that the offering party has shown that the technique’s standard was followed properly according to the procedure designed by Farwell.


� U.S. v. Alexander, 526 F.2d 161 (8th Cir. 1975).  See also Mannino v. International Mfg. Co., 650 F.2d 846 (6th Cir. 1981); U.S. v. Fortune, 513 F.2d 883 (5th Cir. 1975).


� See Transcript, supra note � NOTEREF _Ref13658141 \p \h � \* MERGEFORMAT �46�, at 15.


� See id. at 26. 


� See id.


� Id.


� See id. at 26-27.  The report of the brain fingerprinting test should be evaluated along with all the other evidence available to the jury.  Id. at 27.


� Id.


� See Francis Fukuyama, Our Posthuman Future 184-85 (Farrar, Straus and Giroux 2002).  The idea of centralizing the administration and research of brain fingerprinting comes from Fukuyama’s book, where he suggests having democratic institutions control biotechnology.  Id.


� See id. at 184.


� Id. Though polygraph tests are not admitted as evidence in many state courts, the results are used by federal agencies to screen applicants.


� See supra note � NOTEREF _Ref10694742 \p \h ��2�.


� See supra note � NOTEREF _Ref10694876 \p \h ��5�, at 438.
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