Electroencephalography

Applications in the Law and the Problem of Reductionism


Electroencephalography (EEG) technology, which detects and records electric brainwaves through electrodes placed on the scalp, has allowed researchers a significant view into the cognitive activity underlying human behavior. The technology is attractive because its sensitive and non-invasive temporal resolution can rapidly track the brain’s response to stimuli. As a result, the EEG has found effective application in such disparate fields as entertainment, security, computing, attention deficit disorder research, and brain trauma diagnosis.
 One of the most fascinating uses of EEG is in the law; while lawyers were eager to use the technology in arguing cases, the courts wrestled with admitting EEG studies into evidence. The brain scans, while helpful in the law, also enter questionable philosophic territory by approaching a reductive view of the human mind. A conception of the mind as an entity above and beyond a mass of electric signals falters under the cold precision of EEG scans. Articles, research and our seminar this quarter on EEG reveal how analyzing the brain’s cognitive activity is both significant and dangerous to our understanding of the mind.


The law provides an excellent application of EEG technology. The trend in the law towards forensics and empirical evidence, such as DNA analysis, has given EEG a prominent role in the courtroom. The technology is often used to assess criminal insanity on the basis of abnormal brain waves. While insightful, its use by ambitious lawyers has met criticism from legal scholars who point out its limitations and problems. These criticisms turn on four central considerations:

1. Standardization of the technique of recording.

2. A clear definition of the normal rhythm and its alterations.

3. Knowledge of the metabolic factors which control cerebral rhythm.

4. Knowledge of the percentage of normal and abnormal scans in disorders relating to the law.

To be sure, any application of EEG in the law must confront all of these considerations. But the first of these, standardization, is the most important factor in assessing the reliability of EEG. In short, standardizing the technique of recording is necessary to ensure that results are stable across cases. But the objection that there is no standardization in EEG research is imprecise. Two components of EEG analysis, as shown by our seminar, affect the standardization of the scan: The computer recording the brain waves and the individual technician reading the brain waves. Critics of EEG in the law are hard-pressed to identify non-standardized practices on the computer side of research; since the introduction of EEG, a significant body of literature has emerged on how to calibrate the technology to ensure consistent recordings of brain activity across studies.
 The human element in EEG research, however, is far more volatile. Individual researchers have different methods, interpretations and clinical settings. Critics of EEG in court cases might correctly point to these complicating factors in the researcher’s study. In our seminar, though highly informal compared to the professional research conducted for legal cases, having a number of students actually helped to minimize the variation in conclusions drawn by one researcher. At several points in our research, one student would note activity in a sector of the brain that another student did not catch. One student’s question for a subject elicited a key response that another student could not elicit. In this way, having more than one technician—even if the technicians were amateur students experimenting with the complex technology for the first time—helped mitigate the variation that causes EEG skeptics to worry about its application in the law.

Even if EEG research were perfectly standardized, problems with its results persist. For example, the absence of a particular pattern of brain waves can indicate, as an empirical fact, that the person does not have a type of brain damage that induces violent impulses. But because the forensic research and application of EEG in the law is still in the infancy stages,
 the presence of a particular pattern more easily lends itself to medical interpretation. For example, an actually guilty person can generate certain brain waves indicative of guilt, while an actually innocent person can exhibit similar brain waves out of nervousness about the exam. Moreover, EEG cannot capture degrees of guilt; a person tangentially implicated in but not directly guilty of a crime might offer the same EEG as the guilty person. For this reason, EEG has been used to argue for innocence more than guilt.
 The rationale is that EEG can do more effective “negative” work in ruling out possibilities than “positive” work in establishing facts.

The controversy surrounding EEG in the law is most acute for two reasons. First, scientific evidence in the law need not be 100% reliable. If the evidence can alter the likelihood of material facts, and if an expert witness or common judicial knowledge recognizes the science as sound, the court may admit the evidence.
 Second, layman jurors by and large find EEG evidence persuasive.
 Indeed, connecting macro-level behavior to neurophysiologic responses in our seminar corroborated our intuitions. For example, finding that completing difficult math questions elicits activity in the region of the brain associated with social feedback confirmed one student’s insecurity about her math skills relative to her peers. The jury is similarly drawn to empirical corroboration of a defendant’s sanity or insanity, even if the research arriving at the conclusion is imperfect. The mind of the juror, in other words, is particularly amenable to corroborative evidence, so legal scholars seek to ensure that the evidence is as sound as possible.

Given the limitations of the technology, some legal scholars
 contend that EEG findings should only be admissible as part of the larger fabric of evidence in a case. A watershed decision for EEG evidence by the Wisconsin Supreme Court holds that results of EEG tests have “no probative value.” In the absence of an accompanying medical opinion, the facts of the defendant’s background and early life, and circumstances surrounding the alleged crime, the opining judge concludes that EEG evidence proves nothing. Instead, the EEG is only a diagnostic tool that arrives at a preliminary conclusion about the defendant’s mental state.
 The defendant must, the court argues, be considered holistically, and not merely as a collection of brainwaves.

This argument is in part a response to the legal considerations and questions of justice that challenge the admissibility of EEG evidence. But the underlying philosophic issue that EEG raises is whether defendants’ mental states—and, more importantly, their innocence and guilt—can be reduced to a measurement of their neurophysiologic responses. In deciding whether to admit such evidence, the law has addressed the complex philosophic question of reductionism, the concept that complex entities can be reduced to their fundamental, constitutive elements.
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Reductionism also operated in the background of our seminar. When Bo Han, for example, sang an original song he wrote while we monitored his readout, each region of his brain on the EEG turned blue for two to three minutes.
 From this we concluded uniform activity across his brain and a temperate response between inactivity (black) and hyperactivity (red). When asked to describe his experience while singing, Bo gave a rich description of standing on a concert stage, singing to an audience, and intently focusing on his performance. Moreover, Bo linked his mini-performance as a subject to his professional performances as an artist. Thus while we concluded that “Bo’s brain was blue,” Bo had a full human experience, replete with emotion, visualization, and memory. (It was oddly appropriate that while Bo sang, we were torn between listening to his beautiful performance and analyzing the cold data on the screen. That duality crystallized the problem of reductionism at work in the experiment.) In a separate test, we analyzed Bo’s brain while he listened to music on his iPod. In contrast to his performance, his brain exhibited a significant amount of activity in reaction to the beat of the music.
 We noted that “Bo’s brain was active in response to the music.” But Bo was doing more than reacting neurophysiologically to the music; he was, in fact, enjoying and resonating with the music. A significant disparity emerged between the inert brainwaves we measured on our side of the computer and the deep cognitive life of a person. How can an EEG capture this “thick” conception of the individual? Mental life is more than the sum of its brainwaves.

Recognizing the problems of reductionism in the law and in scientific research is important, but it also conflicts with another application of EEG in human rights. In response to concerns that some inmates were not property anesthetized during executions by lethal injection, North Carolina monitored Willie Brown, Jr.’s EEG during his procedure.
 Studying his brainwave patterns for indications of anesthesia ensured that Brown would not experience a painful death during execution, which violates the constitutional ban on cruel and unusual punishment. Questions of the morality of capital punishment aside, the use of EEG in such ethically sensitive cases is among the most important applications of the technology in practice. Nonetheless, using EEG to ensure that we are responsive to human life is paradoxical given the aforementioned problems of reductionism: A technology that cannot fully capture the human mind nevertheless prevents its suffering. In this way, EEG is both limited in capability and powerful in application. Though the brain cannot be reduced to the brainwaves of an EEG, monitoring those brainwaves still ensures that our decisions are as ethically responsible as possible.

The potential role of EEG in arriving at just and accurate legal decisions is too significant to ignore, and our legal system must therefore strive to perfect the efficacy and consistency of the technology in legal medicine. The law’s struggle with admitting EEG evidence also touches on the significant problem of reductionism. The findings of our seminar confirm that monitoring brainwaves only captures one aspect of a much more dynamic cognitive process. Any future applications of EEG—in the law, in philosophy or in research—will have to recognize that while the technology is incredibly effective in mapping the brain, the human mind is, and will remain, irreducibly complex.

Istvan Orosz, Time Magazine








� Kate Green, “Connecting Your Brain to the Game,” Technology Review, March 7, 2007; S.M.A.R.T. Brain Games, “S.M.A.R.T. Brain Games Product Description;” Will Knight, “Brain activity provides novel biometric key,” NewScientist.com, January 16, 2007; Will Knight, “’Mental typewriter’ controlled by thought alone,” NewScientist.com, March 9, 2006; “Uses of the Encepholagram”


� Edwin C. Conrad, “The Electroencephalograph (EEG) as Evidence of Criminal Responsibility,” The Journal of Criminal Law, Criminology, and Police Science, 1959, p. 408


� International Federation for Clinical Neurophysiology, “Guidelines for Digital EEG” (http://www.epta.50megs.com/resources/dig_eeg.pdf)


� “Forensic Neuroscience on Trial,” Nature Neuroscience


� “Forensic Neuroscience on Trial,” Nature Neuroscience, Volume 4 Edition 1, January 2001


� “Forensic Neuroscience on Trial,” Nature Neuroscience


� Edwin C. Conrad, “The Electroencephalograph (EEG) as Evidence of Criminal Responsibility,” p. 414


� Edwin C. Conrad, “The Electroencephalograph (EEG) as Evidence of Criminal Responsibility,” p. 413


� Edwin C. Conrad, “The Electroencephalograph (EEG) as Evidence of Criminal Responsibility,” p. 413


� Dario Nardi, “Notes on EEG Seminar Spring Quarter 2007”


� Dario Nardi, “Notes on EEG Seminar Spring Quarter 2007”


� Robert Steinbrook, “New Technology, Old Dilemma—Monitoring EEG Activity During Executions,” The New England Journal of Medicine, Volume 354:2525-2527, Number 24, June 15, 2006 (http://content.nejm.org/cgi/content/full/354/24/2525)





