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ABSTRACT: This experiment examined the accuracy and relia-
bility of the memory and encoding related multifaceted electroen-
cephalographic response (MERMER) technique for detecting in-
formation related to events subjects have experienced, despite
subjects' efforts to conceal that knowledge. Information obtained
through interviews was used to develop stimulus sets consisting of
words and phrases presented to subjects visually by computer.
Sets were composed of three types of stimuli: life experience-re-
lated (Probes), stimuli the subject was asked to memorize and re-
spond to (Targets), and irrelevant information (Irrelevants). Each
set of stimuli was tested on two individuals: (1) one individual
who had participated in the event in question-and thus had the
relevant information stored in his/her brain, and (2) one who had
not. Six subjects were tested. Electrical brain responses to the
stimuli were recorded non-invasively from the scalp and analyzed.
MERMERs, (memory and encoding related multifaceted elec-
troencephalographic responses), of which the P300 is a sub-com-
ponent, were used to determine whether the subject had the rele-
vant information stored in his brain (information present) or not
(information absent), thus indicating whether or not each subject
had participated in the reallife event in question. Bootstrapping
was used to analyze and compare the responses to the three types
of stimuli. As predicted, MERMERs were elicited by Probe stim-
uli only in the subjects who had participated in the investigated
event, by Target stimuli in all subjects, and in no case by Irrele-
vant stimuli. For each of the six subjects, brain MERMER testing
correctly determined whether the subject had participated in and
consequently knew about the event in question (information pre-
sent) or had not participated (information absent). The statistical
confidence for this determination was 99.9Vo in five cases and
90.0Va in one case. The article concludes with a discussion of ar-
eas of future research and the potential for using this new technol-
ogy as an investigative tool in criminal cases.
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The purpose of this paper is two-fold: ( I ) to report results of pre-
liminary research on brain memory and encoding related multi-
faceted electroencephalographic response (MERMER) testing, a
new technology that may be capable of linking evidence of a crime
to information stored in the brain of the person who committed the
crime, and (2) to encourage more research on this technology,
which offers the promise of providing an accurate and scientific
means of tying perpetrators to crimes and verifying the claims of
those who were not involved. This technology evaluates the pres-
ence or absence of information/evidence in the one place where a
comprehensive record of every crime is stored-the brain of the
perpetrator.

Several major breakthroughs in criminal investigation precede
brain MERMER testing. The development of a fingerprint classifi-
cation system enables investigators to use the uniqueness ofhuman
fingerprints to place a suspect at a crime scene, as long as special
procedures are applied to collect and preserve fingerprint evidence
properly. Recent advances in DNA research allow investigators to
connect biological evidence that is collected at the crime scene
with evidence from the body of the criminal. Like fingerprinting,
DNA can be successfully used only when investigators collect and
preserve the specific kind of evidence demanded by the technique.
Both DNA and fingerprinting have been highly successful in iden-
tifying offenders and in eliminating innocent suspects, but both are
found only in a very small percentage of cases.

Investigators' need for other accurate, scientific means of link-
ing perpetrators with crime scene evidence has inspired some sci-
entists to ask, "What does the criminal always take with him from
the crime scene that records his involvement in the crime?" The an-
swer to this question, ofcourse, is the brain. Physical evidence may
or may not be present, but the brain of the criminal is always there,
recording the events, in some ways like a video camera.

Until recently, there has been no way to detect this record stored
in the brain. Might it be possible to utilize the brain as a source of
information that would accurately reveal a suspect's presence at a
crime scene? This paper reports the scientific progress, to date, in
answering this question, and presents a test ofthe science ofbrain
MERMER testing in detecting participation in real-life events.

Although brain MERMER testing is a new science, the evidence
reported here, and in several other studies, suggests that recent ad-
vances in neuroscience allow scientists to detect information stored
in the brain-information that potentially could scientifically, ob-
jectively, non-invasively, and accurately connect a criminal with a
specific criminal act.
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Recent research has shown that electrical brain responses can be
a reliable indicator of information-processing activities in the
brain. This may mean that measurements of such brain activity
might tap information that could uniquely identify perpetrators and
others, such as witnesses, involved in many types of crimes. This
could conserve law enforcement personnel and financial resources,
as well as provide a source of new leads. Conversely, the informa-
tion from these measurements could steer investigators away from
innocent individuals.

The invention of brain MERMER testing was based on recent
progress in neuroscience, particularly in electroencephalography-
a non-invasive measurement of electrical brain activity.

The recent history of electroencephalography can be compared
to the old story of the blind men and the elephant. As the story goes,
a group of blind men set out to investigate the nature of an elephant.
One comes upon the trunk, another the tusk, another the leg, an-
other the ear, another the side, another the foot, and still another the
tail. When they compare notes, they each report accurately on what
they have observed, yet they each have a different impression of
what an elephant is like.

Brain waves, like elephants, have many different facets. The
facet observed depends upon the method of observation and data
analysis. The most obvious feature of brain waves is the multiple
superimposed oscillations that the brain emits at different frequen-
cies. These oscillations are ordinarily measured over a span of min-
utes or longer. Different frequencies of brain waves measured in
this way have been named alpha waves, beta waves, etc. They can
be used to distinguish gross states such as waking, sleeping, dream-
ing, and coma. They also can reveal certain information about the
level of functioning and activation of the brain, as well as certain
brain injuries.

In the last several decades, scientists have developed computer-
ized methods of looking at changes in brain waves that take place
over very short periods oftime, e.g., on the order of one second (1).
This short time scale is necessary in order to examine brain-wave
phenomena that occur during information-processing brain activ-
ity, which often takes place quite quickly. Until recently, the fun-
damental method of examining information-processing brain ac-
tivity has been signal averaging (2). A stimulus that is processed by
the brain (e.g., a word or a picture flashed on a computer screen) is
presented many times, and the brain-wave responses to the multi-
ple presentations are averaged. The averaging process eliminates
all activity that is not time-locked to the stimulus. This process re-
veals event-related brain potentials (ERPs)-specific, simple, pos-
itive and negative voltage changes that take place during the infor-
mation processing of the particular stimulus. This provides a totally
different picture than that provided by the frequency analysis yield-
ing alpha and beta waves. This is like looking at an entirely differ-
ent part of the elephant. Druckman and Lacy (3) have noted that,
within appropriate research paradigms, ERP responses allow ex-
perimental psychologists to study processes that would be difficult
to access by other means.

In the mid-1980s, researchers began to focus on the P300 as a
specific ERP component that had the potential for detecting con-
cealed information in the brain. (The P300 is also known as P3 or
Late Positive Complex. Sometimes it is considered to be comprised
of two separate components, P3a and P3b.) Farwell and Donchin
(4,5) used event-related brain potentials in the detection of con-
cealed information. "Farwell and Donchin's work has revealed

[that this] neurocognitive link may be engaged automatically (i.e.,

out of the person's control), irrespective of either the person's
covert. . .or overt. . . expression to the contrary. If so, this provides

a very powerful bridge to detecting the possession of critical
information" (6).

Farwell and Donchin's (5) subjects completed an interactive
computer briefing in which they learned the details of a mock espi-
onage scenario. After this briefing, subjects actually performed the
scenario. The subjects were tested the next day on their knowledge
of the scenario in which they participated and one in which they did
not participate.

Stimuli presented to test the subjects were classified into three
categories: Targets, Probes, and Irrelevants (the same categories,
described below, which were used in the research reported in this
paper). Using a bootstrapping statistical analysis technique (5,7-9),
Farwell and Donchin analyzed and classified the ERPs of the 40
subjects (20 knowledgeable and 20 not knowledgeable). There
were no false negatives, no false positives, and 8l .57o of the sub-
jects were correctly classified as having or not having the relevant
information. The remaining 12.57o were indeterminate.

Rosenfeld and his colleagues (10-13), and Allen and Iacono
(14,15) achieved comparable results with similar procedures using
ERPs.

Present-day brain MERMER testing, including the data re-
ported here as well as in four other studies by Farwell and his col-
leagues (9,16-21), has achieved an even higher level of accuracy
than that achieved in the ERP studies. In all five of these MER-
MER studies, accuracy has been 1007c with no false nesatives- no
false positives, and no indeterminates. Three kinds of advances
beyond the original ERP studies have increased accuracl': { l; the
development of multifaceted electroencephalographic resPonse
analysis (MERA) and the discovery of the memorl' and encoding
related multifaceted electroencephalographic response (\tER-

MER), (2) advances in data acquisition procedures- zurd l-l) ad-
vances in testing methods and procedures. All of these are de-
scribed below and are described in more detail in Far*'ell
(9.r9,20).

The advances in information detection and data analvsis leading
to the development of MERA and to brain MERMER testing began
with an analysis of the strengths and weaknesses of ERPs. .{nalyz-
ing data through signal averaging to detect ERPs offers the advan-
tage that this process isolates certain simple patterns of brain activ-
ity that take place while a specific stimulus is being processed.
ERPs are simple pattems which often are not discernible in raw
EEG data because these ERPs are overwhelmed by the complicated
activity taking place simultaneously with them. The disadvantage
of measuring ERPs is that the process of signal averaging elimi-
nates all of the complicated patterns associated with information
processing, leaving only the simple voltage changes over time. In
other words, in the process of eliminating noise, a vast amount of
meaningful signal is eliminated as well.

When the brain processes information, it does not produce only
the simple voltage changes that constitute ERPs. There are many
other complex changes that take place. These changes are elimi-
nated by signal averaging because the resulting pattems of electri-
cal activity are not phaseJocked to the time of the stimulus, and
thus they average out to zero when many signals are averaged to
produce ERPs. Many features of the brain-wave responses are
missed in ERP analysis either because they are eliminated by the
signal averaging process or because they are not discernible
through visual inspection of averaged responses.

Retuming to our story of the blind men and the elephant, mea-
suring ERPs is like walking the elephant through mud and collect-
ing the footprints. It gives a very clear, solid picture ofthe feet, but
loses all data about the rest of the elephant.



Recognition of the limitations inherent in ERP measurement
and analysis led to the development of multifaceted electroen-
cephalographic response analysis (MERA). MERA, like ERP
analysis, analyzes specific, short-term segments of brain-wave
data elicited by information-processing brain activity. Unlike
ERP analysis, MERA is multifaceted in that it simultaneously ex-
amines multiple facets of the data. A specific multifaceted elec-
troencephalographic response (MER) may contain: (1) one or
several ERP components, (2) phasic changes in the frequency and
dimensionality of the signal at a specific scalp location or at mul-
tiple locations, and (3) changes in the relationship between sig-
nals in different scalp locations measured by coherence, correla-
tion, and covariance.

Using multifaceted electroencephalographic response analysis
(MERA), Farwell and his colleagues (9,1621) discovered that a
specific multifaceted electroencephalographic response (MER),
known as a memory and encoding related multifaceted electroen-
cephalographic response (MERMER), is elicited when a person
recognizes and processes a stimulus that is particularly noteworthy
to him/her. The MERMER is the elephant of which the P300 is the
foot. (Recall that the P300 is the ERP component used in the orig-
inal brain-wave information detection studies.) The MERMER in-
cludes: ( I ) the P300, an electrically positive component maximal at
the parietal scalp site, (2) another, longer latency, electrically neg-
ative subcomponent prominent at the frontal scalp site, and (3) pha-
sic changes in the frequency and structure ofthe signal. (For a de-
tailed discussion of the MERMER, see 9.)

Farwell and his colleagues have developed a system to use the
MERMER to detect the presence or absence of specific informa-
tion stored in the brain. Recall that the MERMER is elicited only
by stimuli that are noteworthy or significant for the subject. Stim-
u1i that are task-relevant (i.e., relevant to a task being performed)
and stimuli that are relatively rare naturally tend to stand out. That
is, they tend to be more noteworthy for the subject. The Farwell
MERMER System utilizes this feature of the MERMER through
the following procedure. A sequence ofwords, phrases, orpictures
is presented on a video monitor under computer control. Each stim-
ulus appears for a fraction of a second.

Three types of stimuli are presented: Targets, Irrelevants, and
Probes. The Targets are made relevant and noteworthy to all sub-
jects, i.e., the subject is given a list of the Target stimuli and in-
structed to press a particular button in response to Targets and an-
other button in response to all other stimuli. Since the relatively
rare Targets are singled out in the task being perfbrmed, the Targets
are notewofthy for the subject, and each Target stimulus elicits a
MERMER. Most of the non-Target stimuli are irrelevant, having
no relation to the situation under investigation. These Irrelevants
do not elicit a MERMER

Some of the non-Target stimuli are rclevant to the situation un-
der investigation. These relevant stimuli are referred to as Probes.
For a subject who has participated in the situation in question, the
Probes are noteworthy due to the subject's knowledge ofthat situ-
ation. and, therefore, Probes elicit a MERMER when the subject is
knowledgeable. Probes are indistinguishable from the Irrelevants
for a subject who is not knowledgeable about the situation under in-
vestigation, and thus Probes do not elicit a MERMER if the subject
is not knowledgeable.

In analyzing the data, the Farwell MERMER System compares
the responses to the three types of stimuli and computes a determi-
nation of whether the Probe responses contain a MERMER (i.e.,
are similar to the Target responses) or do not contain a MERMER
(i.e., are similar to the Irrelevant responses). The system also com-
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putes a statistical confidence for this determination. (For a detailed
discussion. see 9. l8-22..1

Using the MERMER, Farwell and Richardson (see 9,18) con-
ducted a study in which Federal Bureau oflnvestigation (FBI) new
agent trainees were presented Probes consisting of words, phrases,
and acronyms which only FBI agents would know, along with Tar-
gets and Irrelevants. Non-FBI personnel were also tested. The Far-
well MERMER System correctly classified all l7 of the FBI new
agent trainees. The four control subjects were also correctly
classified.

In 1992 and 1993, Farwell and his colleagues (21) conducted
three experiments for the Central Intelligence Agency (CIA). All
three experiments used brain responses to stimuli, consisting of
Probes, Targets, and Irrelevants, to detect concealed information
stored in the brain. The first experiment, using pictorial rather than
verbal stimuli, explored whether or not brain waves could be used
effectively to detect prior knowledge of information. The informa-
tion detected was relevant to a mock espionage scenario enacted by
some of the subjects, and the stimuli that elicited the brain re-
sponses were relevant pictures presented on a computer screen. In
the second experiment, words, phrases, and acronyms were pre-
sented on a computer screen to subjects, some of whom were U.S.
Navy officers who were experts in military medicine. The infor-
mation detected was relevant to knowledge of military medicine.
The purpose of this experiment was to determine whether this
method could be useful in detecting members of a group or organi-
zation, or people with a particular expertise (i.e., intelligence
agents). In the third experiment, which also used visually presented
words, the information detected was relevant to real-life events, in-
cluding two felony crimes. All 79 subjects in the three experiments
were correctly classified as information present or information ab-
sent, i.e., as possessing or not possessing the critical information.
There were no false positives, false negatives, or indeterminates.

The original data analysis in these experiments focused on the
P300. Farwell has since analyzed these same data using the MER-
MER. All subjects remained in the correct categories; however, the
confidence level improved.

The research described in this paper was conducted in 1993, and
was, in part, a replication of the third experiment Farwell did for the
CIA. This research differed from the CIA research in that, although
the sample size was smaller, each set of stimuli was tested on both
a knowledgeable subject and a subject who was not knowledgeable
regarding the investigated event. This was done to determine if
there was anything inherent in the nature of the stimuli selected for
each set that would lend itself to a particular classification regard-
less of whether or not the subiect was knowledseable about the
event in question.

Materials and Methods

Subjects

Three pairs of subjects, two females and four males, were tested.
Participants ranged in age from their mid-20s to early 40s. Pairs
were not randomly selected. Individuals in each pair were person-
ally acquainted (i.e., pair one, subjects A and B knew each other).
All subjects granted permission to have information about their life
experiences provided to researchers in this experiment. George-
town University's Review Board reviewed a description of this ex-
periment and granted permission for these procedures to be used on
human subjects.

Data from one subject were eliminated due to the subject's not
understanding, and consequently not following, the directions. An-
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other subject was substituted for this individual. (The authors chose
to substitute another subject, rather than to re-explain the instruc-

tions and obtain additional data from the same subject, in order to
maintain scientific control so that all subjects would undergo ex-

actly the same procedure in this research study. In a field applica-
tion, if a subject does not understand the instructions, those in-

structions can be reiterated or elaborated upon, and valid data can

then be collected from the same subject.)

Materials

The Farwell MERMER System equipment consisted of a com-
puter equipped with two monitors and the appropriate graphics and

data acquisition/processing boards, a four-channel EEG amplifier
system, a custom electrode headband, and the necessary custom
software for data acquisition and analysis. (The Farwell MERMER

System is also referred to as the Farwell MERA System; see 9'18.)

Method

One person in each pair (person A) was interviewed about de-

tails of the personal history and life experiences of the other (per-

son B). Stimuli relevant to a particular real-life event were devel-
oped from interview material. Prior to beginning the interviews and

testing, all individuals were advised of the procedures and reasons

for this research, each signing waiver forms. All subjects knew the

identity of the person who provided information about their life ex-
periences, and each granted permission for the information to be
provided. In each case, prior to the test, the knowledgeable subject

did not discuss the information to be detected with the informer. On

the day of the testing, all subjects were instructed to behave as if

they knew nothing of the events investigated and to refrain from

saying or doing anything that would reveal any relevant knowledge
they might have to the researchers.

Nine Probe stimuli were developed that were relevant to each

specific real-life event in question. For example, if the event was a

birthday party celebration in a restaurant, the Probe stimuli might
include the name of the restaurant ("Bosco's"), the name of another
person present ("Jim Jones"), the nature of the celebration ("birth-

day party"), and an action that the subject engaged in ("lit

candles").
For each Probe stimulus, similar Irrelevant stimuli were con-

structed that would be equally plausible for a person who had no

knowledge of the event. For example, for tJre Probe "Bosco's," an

Irrelevant could be "Henry's." For the Probe "Jim Jones," an Irrel-

evant could be "Bill Johnson." For the Probe "birthday party," an

Irrelevant could be "anniversary celebration." For the Probe "lit

candles," an Irrelevant could be "brought cake" (ifthe subject did

not indeed bring the cake).
Each stimulus consisted of names, words, or phrases of up to 20

characters presented on a computer screen under computer control.

Probes were stimuli relevant to the subject and to the event in ques-

tion. Irrelevants were, as the name implies, irrelevant. For each

Probe stimulus, there were four Irrelevant stimuli. The stimuli were

structured such that the Probes and lrrelevants were indistinguish-

able for a subject who was not knowledgeable about the event in
question.

In addition to the Probes and lrrelevants, one-sixth ofthe stimuli

were Targets, one for each Probe. The task instructions made Tar-
gets recognizable and noteworthy for all subjects, whether or not

they were knowledgeable about the event in question. Each subject

was given a list of the Targets and told that he/she would need to

recognize and identify them during the test. Subjects were in-

structed to press a special button each time one of the stimuli on the
list of Targets appeared on the screen. Thus, the Targets were rec-
ognizable and noteworthy for all subjects. The Irrelevants were ir-
relevant for all subjects. The Probes, being relevant to the investi-
gated event, were recognizable and noteworthy only for the
subjects who had participated in the event.

Overall, there were nine Piobes, nine Targets, and 36 Irrelevants
for each event. These were divided into three subsets, each subset
containing three Probes, three Targets, and 12 Irrelevants. Each
subset. then. contained a total of 18 stimuli.

MERMER testing consists of a series of stimulus presentations
or "trials," each lasting three seconds. In each trial, one stimulus is
flashed on the screen, and the electrical brain response to that stim-
ulus is recorded. The trials are presented in blocks, each block con-
sisting of 72 trials. That is, the subject views and responds to a se-
1res of 72 stimuli, then pauses for a time, and then another series of
72 stimuli is presented, and so on. Each block lasts about three and
one-half minutes.

In each block, only one of the three subsets of l8 stimuli is used.
Each of these stimuli is presented four times to reach the total of 12
trials for the block. Each subject participated in nine blocks of tri-
als, three blocks using each ofthe three stimulus subsets.

Trials with data contaminated by artifacts generated by eye
movements or other muscle-generated noise were rejected online,
and additional trials were presented so that the required number of
72 artlfact-free trials was obtained. The order of stimulus presenta-
tion was randomized within each block.

Prior to the test, each subject was asked to study a list of the Tar-
gets, and was instructed that he/she would need to recognize and
identify these stimuli during the test.

Before each test began, the researcher read descriptions of the
Probes and Targets to be presented, for example, "Some of the
items you will see are relevant to a particular person and a particu-
iar event. One of the items is the name of the restaurant where the
event took place." As these items were described, the experimenter
asked the subject to repeat the descriptions.

Once this process was completed, the experimenter read the list
of all stimulus items (the actual Probes, Targets, and lrrelevants)
that were presented. This list of items was not presented again un-
til the test was over.

Descriptions of the Target and Probe stimuli specific to each
block (but not the actual stimuli) were repeated for the subject at
the beginning of each of the nine blocks to enhance the significance
of the stimuli by establishing the context in which they were pre-

sented. For example, "In this block one of the stimuli you see will
be the name of a person who was present at the investigated event."

Subjects were given a mouse for the purpose of responding with
a button press to each stimulus. Subjects were instructed to press

the left-hand button whenever a stimulus appeared that was on the
list of Target stimuli they had studied before the test. For all other
stimuli, subjects were instructed to press the right-hand button.
Thus, subjects pressed the right-hand button for both Probes and Ir-
relevants, whether they recognized the Probes or not. In terms of
overt behavior then, subjects concealed their knowledge of the

Probes. The only indication of their knowledge of the Probes was
provided by their brain responses.

By selecting an arbitrary set of stimuli which subjects must dis-

criminate (Targets), a task was created that focused the subjects' at-

tention in a manner that ensured the elicitation of the MERMER in

response to these Target stimuli. The designation of arbitrary Tar-
gets made it possible to hide the items relevant to the investigation
(Probes) among the more frequently occurring stimuli (Irrele-

I



vants), while assigning a task that ensured that the subjects had to
notice, process, and categorize all stimuli. For the subjects who
were not knowledgeable, these Probe items were indistinguishable
from the Irrelevants, because nothing in the procedure drew the
subjects' attention to these items. For the knowledgeable subjects,
the Probe items were noteworthy, because they were associated
with the information the subject possessed regarding the event un-
der investigation.

The predictions were as follows: (a) the Probes would elicit a
MERMER for the knowledgeable subjects, who in each case had
participated in the event under investigation; and (b) the Probes
would not elicit a MERMER for the subjects who were not knowl-
edgeable because they had not participated in the event.

Subject B from each pair was tested on the stimulus set con-
structed from interview material relevant to Subject B's life. Sub-
jects were presented with visual stimuli with a duration of 300
msec at an inter-stimulus interval of three seconds. In addition to
Subject B in each pair being tested on stimuli pertinent to him./her,
Subject A from another pair was tested on the same stimuli. Thus,
pair I Subject B was tested on information about him,/herself gath-
ered from pair 1 Subject A. In addition, pair 2 Subject A was tested
on the same stimuli. Therefore, each set of stimuli was tested on ( 1)
a subject for whom the Probe stimuli were relevant, and (2) a sub-
ject for whom the Probe stimuli were not relevant.

AII subjects were instructed not to indicate knowledge of rele-
vant information to the experimenter in any way, including their
button presses. This essentially instructed knowledgeable subjects
to conceal their knowledge during the test.

Brain responses were recorded from the midline frontal, central,
and parietal scalp locations, (Fz" Cz, and Pz, respectively) refer-
enced to linked mastoids (behind the ear), and from a location on
the forehead to track eye movements. Scalp recording was done
with disposable EEG electrodes, similar to those used in standard
EEG recording. The electrodes were embedded in a special head-
band designed and constructed by Dr. Farwell's Human Brain Re-
search Laboratory (see 18,19).

Data were digitally filtered using a 49-point optimal digital filter
with a passband cutofffrequency offour Hz and a stopband cutoff
frequency of six Hz ( 22 ).

At the end of each test, subjects were given a written list of all
stimulus items and asked to mark each item as noteworthy, some-
what noteworthy, or irrelevant. If, for some reason, any of the in-
tended Inelevant stimuli were, in fact, relevant for a subject for
reasons unknown to the experimenter, they could be eliminated
from the data analysis. This happened in two cases, yet the MER-
MER System was sufficiently robust that both subjects were cor-
rectly classified, one with 99.9Vc confidence and the other with
90.07o, even with these spurious Irrelevant stimuli. One reason for
this could be that the average Irrelevant responses included 35
stimuli that were truly irrelevant and only one that was not. Thus,
the lrrelevant brain-response pattern dominated for the Irrelevant
stimuli in data analysis.

In the present study, the experimental procedure and data acqui-
sition methodology were essentially the same as those used in the
previous four MERMER studies conducted by Farwell and his col-
leagues (see 9, l6-21). In addition to the MERA technique and the
MERMER brain response, these four studies introduced several in-
novations that may have contributed to the higher level of accuracy
achieved in these studies than in the original Farwell and Donchin
(5) study and the other ERP studies.

In data acquisition, the inter-stimulus interval was extended be-
yond the approximately 1.5 s typical of previous studies to 3 s, and
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the data analysis epoch was extended to 2.2 s post-stimulus. This
allowed the data analysis to consider a previously unobserved,
frontally prominent, electrically negative subcomponent with a la-
tency of up to 2 s post-stimulus (a markedly longer latency than the
P300 used in previous studies). This component, in addition to the
P300, was a major feature contributing to the signal analysis and
statistical computation resulting in the accurate determinations of
information presence or absence. In order to improve the accuracy
of data analysis and the detection of complex patterns in the wave-
form, the digitizing rate was increased to 333 samples per second
(100 samples per second was typical for previous studies).

In Farwell and Donchin (4,5) and other previous studies, the Tar-
gets were irrelevant to the investigated event and were made rele-
vant to the subject only by the task instructions. In the present study
and the other four recent MERMER studies conducted by Farwell
and his colleagues (9,16-2I), the Targets were relevant not only to
the task instructions, but also to the investigated event. This made
the Target stimuli more similar to the Probe stimuli for a knowl-
edgeable subject, and may have, therefore, increased the similarity
of the Target and Probe responses, and improved the discrimina-
tion ofthe data analysis for these subjects. (For a subject who was
not knowledgeable, this change made no difference since such a
subject does not recognize the event-relevant information.)

As in previous research by Farwell and his colleagues (9,16-21)
the statistical technique of bootstrapping was employed to compare
the brain responses to the different types of stimuli. This allowed a
determination of information present or information absent and
provided a statistical confidence for this determination for each in-
dividual case.

Bootstrapping is a statistical method of analysis that assesses, for
each subject, the similarity between the Probe brain response and
those brain responses elicited by the Targets and the Irrelevants re-
spectively. This technique provides an estimate of the sampling
distribution of a parameter when a limited number of samples are
available. This is done by obtaining many random subsamples
from the available data and recomputing the parameter for each
subsample.

The essential question regarding each subject is, "Does the sub-
ject recognize the Probe stimuli as significant?" In terms of brain
responses, the question is "Does the subject's brain response to the
Probes contain a MERMER?" For each subject, the bootstrapping
technique provides a level of statistical confidence that the Probe
brain responses are more similar to the Target brain responses
(which contain a MERMER) than to the Irrelevant brain responses
(which do not contain a MERMER), or, alternatively, that the
Probe brain responses are more similar to the lrrelevant brain re-
sponses than to the Target brain responses. If the Probe responses
are more similar to the Targets (i.e., Probes, like Targets, elicit a
MERMER), then this indicates that Probe stimuli, like Targets, are
recognized as significant by the subject. In this case, the determi-
nation is information present, i.e., the subject has information rele-
vant to the investigated situation stored in his brain. If the Probe re-
sponses are more similar to the Irrelevant responses (i.e., Probes,
like Irrelevants, do not elicit a MERMER), then the determination
is information absent, i.e., the subject does not have the relevant in-
formation stored in his/her brain.

The determinations made by the MERMER System and pre-
sented here are binary, i.e., either information present or informa-
tion absent, and the statistical confidence levels presented here are
stated as a percent, e.g.,99.9Vo.

Thus, if the MERMER System produces a determination of in-
formation present with a statistical confidence of 99.9Vo, then
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mathematically there is a99.9Vo probability that the Probe brain re-

sponse is more similar to the Target response than to the Irrelevant

response for this specific subject.
The Farwell MERMER System applies this data analysis algo-

rithm automatically to produce for each subject a determination of

information present or information absent and a statistical confi-

dence for this determination. (For a detailed discussion, see

8,9,16,19.) This is a mathematical process and does not depend on

any subjectivejudgments or interpretation ofthe data'

Results

The MERMER System data analysis algorithm correctly classi-

fied atl six subjects. A1l three subjects who were tested on their own

biographical data were correctly classified as information present,

and thus as having participated in the investigated event, with a

confidence level of 99.9Vo in each case. All three subjects who

were not knowledgeable were also correctly classified as informa-

tion absent in the brain, two with a confidence level of 99.97o and

one with 90.07o confidence.
There were no false negatives, no false positives, and no inde-

terminate outcomes.
There are many different ways to present MERMER brain re-

sponse data visually. Different methods illustrate different features

of the data. No one method can adequately capture all of the infor-

mation incorporated in the data in a visually recognizable form'

One method that is often effective in providing a visual representa-

tion of the differences in brain responses involves plotting average

responses to Probe, Target, and Irrelevant stimuli as voltage over

time at a specific scalP location.
Figures I and 2 present the average brain responses to Probe,

Target, and lrrelevant stimuli for two of the subjects. Figure I pre-

sents data for a subject who is knowledgeable regarding the inves-

tigated event. Figure 2 presents data for a subject who is not knowl-

edgeable regarding the investigated event'
These figures present plots of voltage over time at the parietal

(Pz) scalp location. In these figures, the MERMER appears as a

positive voltage peak at approximately 500 msec followed by a
negative voltage deflection maximal at approximately 1200-1500
msec. (The latency of these deflections varies according to the
speed ofthe individual subjects' brain processing.)

The brain responses of two subjects whose data are presented
here are typical oftheir respective groups, knowledgeable and not
knowledgeable. As can be clearly seen in the figures, for the
knowledgeable subjects (Fig. 1) the MERMER is elicited in re-
sponse to both Targets and Probes. For the subjects who were not
knowledgeable (Fig. 2), the MERMER is elicited only in response
to Targets.

Although there are recognizable common features, there are also
individual differences among subjects in the pattern of brain re-
sponses. These individual differences are accounted for in the
bootstrapping data analysis algorithm, which makes individual
within-subject comparisons of brain responses to the three types of
stimuli. The statistical analysis yielded a correct determination
with a high level of statistical confidence in every case. This is an
important feature of the MERMER System-it does not depend on
subjective evaluation, interpretation, or scoring of the data.

Discussion

Three pairs of subjects were tested to determine if brain MER-
MER testing implemented by the Farwell MERMER System could
detect concealed information regarding real-life events stored in
the brain. In each pair, Subject A was interviewed about a salient
event in Subject B's life and the people, places, things, and actions
involved in the event. Stimuli were developed from interview ma-
terial, and Irrelevant stimuli were added that would be equally
plausible to someone who had not participated in the event in ques-

tion and did not know the details about it.
For subjects who were not knowledgeable, this was a simple and

ordinary classification task. These subjects recognized only two
types of stimuli: (a) Targets, which were noteworthy due to task in-
structions and also relatively rare, and (b) irrelevant stimuli (con-

a
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lrrelevant -Target -Probe

lnformation Present Brain Response

FlG. l-Average brain response of Subject I at Pz (parietal) scatp site in response to Target, Probe, and lrrelevant-stimuli
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- - ' lrrelevant -Target -Probe

FlG. 2-Average brain response of Subject 6 at Pz (parietaL) scalp site in response to Target, probe, and Irrelevant stimuli.

sisting in fact of true Irrelevants, plus Probes-which they did not
distinguish as being different from the Irrelevants). Previous re-
search (9,16-21) has shown that processing by the brain of note-
worthy events results in the elicitation of a MERMER in the brain
response. Thus, the Targets elicited a MERMER and the Irrele-
vants did not. For subjects who were not knowledgeable, the (un-
recognized) Probes also did not elicit a MERMER.

Knowledgeable subjects, however, recognized a second note-
worthy and relatively rare type of stimuli, namely the Probes,
which were relevant to them. Thus, for knowledgeable subjects the
Probes, too, elicited a MERMER.

The present study's experimental design served to create a two-
category series for an individual who was not knowledgeable, and
a three-category series (with the same stimuli) for an individual
who was knowledgeable. For a subject who was not knowledge-
able, one category (Targets) was noteworthy. For a knowledgeable
subject, two categories (Targets and Probes) were noteworthy. The
Targets provided a template for a response to the stimuli known to
be noteworthy-MERMER-producing stimuli. The Irrelevants
provided a template for a response to stimuli that are not notewor-
thy-non-MERMER-producing stimuli.

The determination of information present or information absent
in the brain consisted of comparing the Probe responses to (a) the
Target responses,.which contained a MERMER, and (b) the Irrele-
vant responses, which did not contain a MERMER. Probe responses
similar to Target responses, i.e., containing a MERMER, indicated
that the subject recognized the Probes and, therefore, the determi-
nation was information present, i.e., the subject was knowledgeable.
Brain responses to the Probes which were similar to those of the Ir-
relevants, i.e., lacking a MERMER, indicated that the subject did
not recognize the Probes and, therefore, the determination was in-
formation absent, i.e., the subject was not knowledgeable.

Note that knowledgeable and not knowledgeable refer to the true
state of the subject, and information present and information absent
refer to the determinations by the Farwell MERMER Svstem. (In-

formation present and information absent are also referred to re-
spectively as "match" and "no match," indicating whether or not
there is a match between information from the crime scene and in-
formation stored in the brain.) In this experiment, as in all previous
ones using this system, the determinations matched the true subject
state in every case. That is, brain MERMER testing was 100Vo
accurate.

Future Perspectives

The brain is centrally involved in every human action and
records everything that human beings do, including criminal acts.
Perhaps the only reason that the brain has not yet become central to
criminal investigations is that in the past there has been no scien-
tific, objective way to connect the record stored in the brain with
evidence from the crime. While some crimes may not have suffi-
cient physical evidence, the brain is always there, storing a record
of the actions and even the thoughts involved in the crime. This pa-
per reports some of the first practical steps of progress towards uti-
lizing the brain as a source of evidence in criminal investigations.

If future research supports the viability of using brain MERMER
testing as an investigative aid, it will have some features in com-
mon with fingerprinting and DNA. All three are scientific tech-
niques which could be used to link evidence associated with a
crime to the perpetrator of the crime. Because of this, brain MER-
MER testing is sometimes referred to as "Brain Fingerprinting."

There are, however, differences between MER.MER and these
other technologies. One difference is in the type ofevidence. Fin-
gerprinting matches prints left at the crime scene with the pattems
on the fingers; DNA connects biological samples from the crime
scene with the DNA of the perpetrator; and brain MERMER test-
ing could link crime-related information with information stored in
the brain of the perpetrator.

Another difference between brain MERMER testing on the one
hand, and DNA and fingerprints on the other, is that DNA and fin-

Information Absent Brain Response
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gerprints detect something that is unique to the individual, and

MERMER detects information that may be possessed by more than

one individual (for example, when there are several perpetrators of

a crime).
If brain MERMER testing does become widely available and

successful in the field, what will be the implications for criminal in-

vestigative procedures and training? Certainly, the brain MER-

MER testing procedure itself must be performed by a properly

trained expert. In addition, like fingerprinting' DNA, and all other

breakthroughs in investigation, the advent of brain MERMER tesr

ing will necessitate changes in the way crimes are investigated and

will require investigators to learn new skills. Investigators who ap-

ply the MERMER technique will need to collect and preserve the

specific kind of evidence demanded by the technique. This means

that investigations must include, from the beginning, an expert

trained to recognize and collect information from crime scenes

specifically suited to identifying the perpetrator through brain

MERMERs. This is probably the greatest challenge to the success

of brain MERMER testing in the field.
When and if MERMER testing becomes a widely practiced tech-

nique, it could have significant implications for how, when, and

whether cases are solved, and for the treatment of suspects. The

goal of forensic science is not only to identify perpetrators cor-

rectly, but also to exonerate innocent suspects accurately, and to do

so as quickly as possible and with a minimum of trauma and inva-

sive procedures. From a human rights perspective, minimizing the

time and trauma of investigative procedures is important in every

case, and particularly important in the case of innocent individuals'

How does MERMER testing address these concerns? What

MERMER testing may contribute in the case of an innocent sus-

pect is an opportunity to prove hisftrer innocence early in the in-

vestigative process, thereby minimizing trauma and expense and

avoiding possible negative outcomes such as invasive procedures,

false conviction, and punishment. For an innocent suspect. the

MERMER test consists of simply viewing words or pictures on a

screen and pushing buttons in accord with the task instructions. The

innocent suspect does not even know which items are relevant to

the crime. The suspect does not answer any questions, make any

statements, offer any testimony, hear any accusations, or submit to

any invasive procedures.
in the case of a guilty suspect, what MERMER testing ma"y con-

tribute is an efficient means to correctly identify the perpetrator

early in the investigative process, even when there is little or no

physical or testimonial evidence. The fact that the technique is non-

invasive and non-testimonial serves to increase its potential appli-

cability for any suspect, whether guilty or innocent'
Brain MERMER testing is not an alternative to or substitute for

fingerprinting, DNA, or other traditional investigative processes' It

has almost nothing in common with "lie detection" or polygraphy'

Polygraphy is a technique of interrogation and detection of decep-

tion. The interrogator asks questions and uses the polygraphy in an

attempt to determine whether or not the suspect is lying, and to

elicit a confession during the interrogation.
In contrast, MERMER testing is not a technique for interroga-

tion or for the detection of deception. Brain MERMER testing does

not require any questions of or any answers from the suspect' The

subject neither lies nor tells the truth during the procedure, and in

fact the results of MERMER testing are exactly the same whether

the subject lies or tells the truth at any time. MERMER testing de-

termines objectively whether or not certain information is stored in

the brain, regardless of any false or truthful statements the subject

mav or mav not make about it.

Like other scientific investigative techniques, brain MERMER
testing is compatible with and complementary to all other viabie

technologies for solving crimes. Information and evidence ob-

tained through several different technologies often provide a more
complete and accurate picture than any one technology alone can
provide.

MERMER testing has some physical requirements. During the

testing itself, subjects must sit and view the screen in order for the

data to be collected. Artifacts caused by occasional or minor move-

ments can be eliminated in data analysis, but the subject must sit

and refrain from major movements of the body for data collection
to be possible.

Will brain MERMER testing potentially solve every case? No.
Fingerprinting and DNA can determine scientifically whether or
not a person was present at the crime scene in the small number of

cases where fingerprints or DNA are available. Brain MERMER
testing offers the promise of the same capability' even in cases
where no physical evidence is available. As with every forensic sci-

ence technology, however, there are limitations to the MERMER
technology and cases where it is not applicable.

MERMER detects the presence or absence of information, not
guilt or innocence per se. In some cases, a person may possess vir-

tually all of the available information about a crime even though

he/she is not a perpetrator. For example, in the course ofinterroga-
tion investigators may make the mistake of revealing to a suspect

information that they know about a crime before the MERMER test

has been applied. In such cases, possessing crime-relevant infor-

mation does not identify an individual as the perpetrator and, there-

fore, MERMER cannot be applied to solving the case. In this con-

text, it is important that investigators take eff'ective precautions to

protect insofar as possible against revealing to the suspect the

known details of a case before the MERMER test is run. lnvestiga-

tors may want to keep accurate records (e.g., tape recordings) of in-

teractions with the suspect where relevant information may be ex-

changed.
MERMER rvould not be applicable in a case in which two sus-

pects in an investigation were both present at a crime' but one was

a witness and one was a perpetrator. MERMER can only detect in-

formation that places both at the scene of the crime; it cannot de-

termine what their roles were there. (This is like a situation in

which there are two sets of fingerprints at a crime scene.) The tech-

nique can narrow the field of suspects to two, but cannot defini-

tively identify one of these as the perpetrator and exonerate the

other. Note, however, that this would not result in a false positive

outcome for the test, i.e., a correct information present determinh-

tion would be compatible with a suspect's story that he was a wit-

ness. Crime-relevant information possessed by the subject for le-

gitimate reasons is a limitation on the applicability' not on the

accuracy, of the technique.
MERMER would not be definitive in a case in which investiga-

tors do not know sufficient information about a crime to be able to

test a suspect for crime-relevant information stored in the brain' For

example, authorities may suspect that someone has been stealing

cash from a retail outlet, but may not know how much was taken'

when, where, or how the crime took place. How often such cases

will occur in the field is an empirical question that can only be an-

swered by applying MERMER extensively in the field using prop-

erly trained personnel and investigative procedures designed to fa-

cilitate this new technique.
How many cases brain MERMER testing can solve overall and

what will be the range of application of the technique in solving

crimes remains, at this point, empirical questions that can only
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be answered by widespread application of the technique in the
field.

The opportunity to access the vast potential ofthe human brain
as a storehouse of evidence; the promise that brain MERMER test-
ing may be able to solve a wide variety of cases that now remain
unsolved; the potential to solve cases more quickly, accurately, and
effectively; and the opportunity to provide innocent suspects with
a non-invasive, non-stressful, and reliable means to exonerate
themselves call for extensive future research, both in the laboratory
and in the field.

Conclusion

It would be inappropriate to generalize the results of the pre-
sent research because of the small sample of subjects. The 1007o
accuracy and high confidence level of the results, however, pro-
vide further support for results from previous research using brain
MERMER testing. The research reported here adds to the body of
knowledge by accurately determining both the presence and ab-
sence of specific information relevant to real-life events in the
lives of subjects, despite subjects' efforts to conceal that knowl-
edge.

The usefulness of brain MERMER testing for law enforcement
in detecting concealed knowledge should be explored further.
One possibility for future studies would be to use as subjects in-
carcerated criminals who have exhausted their appeals and/or
have confessed. In these cases there is an actual crime, and
ground truth is known with a high level of certainty. With appro-
priate permission and observing all legal and ethical considera-
tions, case files of these inmates could be reviewed to determine
pertinent crime details that were available during the investiga-
tion. Stimulus sets of Targets, Probes, and Irrelevants could then
be constructed and brain MERMER testing administered to deter-
mine whether or not the subject's brain responses indicate knowl-
edge of known pertinent crime information. The same stimulus
sets could be tested on subjects who have no knowledge of the
specific crime. This would provide a test of the ability of brain
MERMER testing to identify the perpetrator of an actual crime,
using information actually available in the investigation of the
crime.

Additional studies could explore the reliability of using audilory
and pictorial as well as visual linguistic material as Probe, Target,
and Irrelevant stimuli. Further studies using brain MERMER test-
ing to detect real-life events under varying circumstances would
also be valuable.

Determining responsibility for criminal acts is often a difficult
challenge for investigators. Today's sophisticated crime scene
analysis techniques can sometimes place the perpetrator at the
scene of the crime; however, physical evidence is not always pre-
sent. Without other aids, such as eyewitness testimony or a confes-
sion, investigators may develop a suspect, but have no way to con-
firm their suspicions.

Knowledge of numerous details of the crime, such as the murder
weapon, the specific position of the body, the amount of money
stolen-any information not available to the public-may reveal
that a particular individual is associated with the crime. Additional
research is required to determine if brain MERMER testing is a
technique that could tell an investigator that a particular person
possesses this detailed knowledge. Additionally, ifresearch deter-
mines that brain MERMER testing is reliable enough that it could
be introduced as evidence in court, it may be the criminal inves-
tieative tool ofthe future.
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