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ABSTRACT

Most brain related databases bring together specialized information, with a growing 

number that include neuroimaging measures. This article outlines the potential use and insights 

from the first entirely standardized and centralized database, which integrates information from 

neuroimaging measures (EEG, ERP, structural/functional MRI), arousal (SCRs, heart rate, 

respiration) neuropsychological and personality tests, genomic and demographics: The Brain 

Resource International Database. It comprises data from over 2,000 ‘normative’ subjects and a 

growing number of patients with neurological and psychiatric illnesses, acquired from over fifty 

laboratories (in the USA, United Kingdom, Holland, South Africa, Israel and Australia), all with

identical equipment and experimental procedures. Three primary goals of this database are to 

quantify individual differences in normative brain function, to compare an individual’s performance 

to their database peers, and to provide a robust normative framework for clinical assessment and 

treatment prediction.  We present three exemplar demonstrations in relation to these goals. First, 

we show how consistent age differences may be quantified w hen large subject numbers are 

available using EEG and ERP data from over 2,000 stringently screened normative subjects. 

Second, the use of a normalization technique provides a means to compare clinical subjects

to the normative database with the effects of age and gender taken into account and third, we  

show how a profile of EEG/ERP and autonomic measures potentially provides a means to predict 

treatment response. 

The combination of size and multidimensional measures tapping the brain’s core cognitive 

competencies, may provide a normative and evidence-based framework for individually-based

assessments in ‘personalized medicine’.  



INTRODUCTION 

Neuroscience is flourishing: this is clearly demonstrated in the number of specialized 

journals, new departments, and large conferences dedicated to the many facets of neuroscience.  

Yet there is a sense in which neuroscience is too fertile.  Viewed from a distance there seems to 

be a such a proliferation of ideas that it has lead to a mass of mutually incompatible data - which 

in turn discourages more general, integrative theories of the brain.  Isolated theories and isolated 

data can usefully feed each other at times when the field is new and unexplored, yet is 

incongruous in mature fields or science. 

For example, when we look at how human neuroscience is generally conducted, we find 

that there are literally hundreds of studies showing potentially ©distinctive© patters of brain 

dysfunction in difference disorders, which have been undertaken in relatively small datasets 

(typically with sample sizes of less than thirty) and using a variety of methodologies.  Such small 

subject numbers preclude proper accounts being taken of the inherent inter-subject variability in 

human genotype, brain function and behavior.  It may be myopic to continue to generate large 

numbers of such small studies, without some commensurate convergence of information in 

databases that would allow evaluation of the relative amount of variance explained by the 

different measures, as well as the sensitivity and specificity of these findings across different 

psychiatric disorders.  The lack of standardized databases across studies also means there is no 

consistent platform from which to evaluate the relative efficacy of different medications in these 

disorders.  

This is not to say that the problem is totally unrecognized.  There are databases that are 

made public and even collected in a way to ease and encourage their use, e.g. the Society for 

Neuroscience©s site http://big.sfn.org/NDG/site/.  A number of neuroscientists are of the view that 

creating interoperable databases could boost progress by allowing researchers to share 

complementary results and to facilitate new insights.  

The problem of proliferation of data and theories was recently highlighted in a Nature 

editorial entitled "Databasing the Brain"1, where it was suggested that "... progress in 

neuroscience might be faster if researchers shared their results in a network of databases". This 

editorial goes on to outline the difficulties in generating broad-ranging databases, and in working 

with unwieldy databases.  Another sign of change is that Nature Neuroscience recently published 

an issue on ©scaling neuroscience© which included a paper by five National Institute of Health 

directors entitled "Limits to growth: why neuroscience need large-scale science"2.  

What is less recognized is that databases shouldn©t just contain a lot of subjects, or 

contain diverse data, or have effective linking and searching features.  What is really needed now 

is all three features: a lot of subjects and diverse data and effective linking and searching 

facilities.  This is the goal of the emerging field of Neuroinformatics3. Neuroinformatics deals with 

information as diverse as microanatomy, receptor distributions, single cell recordings, and drug 

effects; and it aims for sophisticated interoperability between databases.  For further details see 

the paper by Stephen Koslow in this issue, and see http://www.nimh.hih.gov/neuroinformatics/ for 

more about the ©Human Brain Project©. 
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Centralized 

Standardized Flexible 

Distributed 

 

Among the obstacles of large-scale neuroscience are: reaching a consensus on what is 

worth including in databases, the technical differences across disparate information, and the 

reluctance of researchers to share their data1.  The databases collected under the auspices of the 

Human Brain Project allow for data to be acquired in a flexible manner and to be stored in a 

distributed fashion (see Figure 1).  This flexibility accommodates the rapid pace of change in 

neuroimaging technologies, the highly specialized interests of individual researchers, as well as 

the highly vexed question of control of each individual researcher©s data.  These databases have 

additionally provided a catalyst for significant interest among neuroscientists in sharing data and 

analytical tools.  "The exchange of neuroscience data and tools between groups affords the 

opportunity to re-analyze previously collected data in different ways, encourage new 

neuroscience interpretations and foster otherwise uninitiated collaborations, and provide a 

framework for the further development of theoretically-based models of brain function.  Data 

sharing will ultimately reduce experimental and analytical error.  Many small internet-accessible 

database initiatives have been developed, and specialized analytical and modeling tools are 

distributed within different fields of neuroscience4."  It is to be hope that such initiatives will 

eventually lead to a more integrative framework for theories, and even to quantitative models of 

brain function. 

Figure 1. This figure summarizes the architecture of existing brain databases. Databases 

established as part of the emerging field of Neuroinformatics (for example: the exemplar of the 

Human Brain Project) are flexible and distributed. By contrast, the Brain Resource International 

Database is entirely standardized and centralized. The dashed lines emphasize the need for 

“interoperability” amongst all these emerging databases. 
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This paper focuses on the potential use of the first standardized neuroimaging -

psychometric-genetics database, the Brain Resource International Database (see 

http://www.brainresource.com/).

THE BRAIN RESOURCE INTERNATIONAL DATABASE (BRID)

BRID is based around a standardized suite of tests and paradigms, selected to tap the 

brain’s major networks and provide a profile of the brain’s core cognitive competencies, rather 

than focus on a few specialized domains of function 5 . Neuropsychological tests are summarized 

on page 10 of this document - the paradigms tap the five core cognitive dimensions: Sensory-motor-

spatial, memory, attention, language and executive functions. sMRI, fMRI and genetics are also 

summarized in this figure. 

Psychophysiological activation tasks are also outlined on page 10. These tasks reflect

processes such as focusing on relevant whilst ignoring irrelevant information, impulsivity and

emotion perception. MRI, fMRI and Genetics are also summarized on page 10.

Establishing the standardized protocols for the database was challenging for many 

reasons, including getting scientists around the world to agree on precisely what information to 

collect. Consensus about the choice of psychophysiological paradigms, brain structural/functional 

MRI and neuropsychological tests was complex, particularly given the constraint that the total test 

battery needed to reflect the brain’s core cognitive competencies, but also had to be relatively 

short, to avoid subject fatigue particularly in clinical populations. Highly credentialed consultants, 

who had exceptional experience within a particular paradigm, provided the most robust version of 

each paradigm to be employed in the database. Over 1,000 decisions were made over a two year 

period, concerning all the details about paradigms, task instructions, hardware and software in a 

standardized manner (see Technical Standardization for further details). 

In addition to standardization of behavioral paradigms, attention was also paid to 

standardization of the testing protocols and equipment, including issue s of informed consent and 

confidentiality, technical procedures and centralized analyses using both conventional and newly 

developed methods.

Informed Consent

Since database projects are more complex than single hypothesis studies, it is made 

clear to subjects in the participant information (as part of the consent process) that many 

scientists may explore this data in different ways in the future. It is also made explicit that possible 

commercial uses might emerge from the subjects’ data. 
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Confidentiality 

Given the importance of confidentiality, the data are “de-linked”.  Subjects are issued an 

ID number and their name is separated from their data in the centralized database facility.  ID 

numbers are provided by the central facility and dispensed by the individual laboratories to which 

a subject is referred. 

 

Technical Standardization 

Twenty-two questionnaires assessing demographic information, medical history and 

personality are undertaken via the web prior to (or during) the subject visits any laboratory in the 

network to undertake their brain data acquisition.  

For the psychophysiology, we used standard hardware (amplifiers, computer system, 

heart rate and respiratory rate measures, recording cap, electrodes), acquisition settings, the type 

of headphones used to deliver instructions and auditory stimuli, consumables (e.g. electrogel) 

and data format. A standard Neuroscan format (NuAmps, QuikCap, Scan software) is used. Task 

instructions for each paradigm are provided by pre-recorded sound files and as text on the 

screen, and are currently provided in English, Spanish, Dutch, German, Afrikaans and Hebrew, 

depending on the site of the laboratory (other language translations are in progress). 

Neuropsychological tests of cognition are undertaken using standardized software with 

an IBM touch screen. Structural and functional MRI employ the same acquisition sequence 

details and standard Siemens scanners (with other scanners, including 3T scanners to be 

employed from 2005), with the same software as the psychophysiology to present the behavioral 

paradigms (fMRI). Cheek swab (or blood test) acquisition for genetics also follows a standardized 

protocol. 

 

Centralized Analysis  

Analysis standardization relies on a semi-automated system for pre-processing and data 

scoring, statistical evaluation and ongoing quality control by visualization of the data. Flexible and 

modular central analysis architecture allows inclusion of new analysis modules. 

New mathematical, signal processing and statistical approaches are selected for inclusion

in BRID to extract more fundamental information from the brain function measures. An illustrative 

example of these new approaches, is the numerical biophysical model of the brain    developed
6 

in our group to elucidate possible brain mechanisms across scale. This model explores the

collective behavior of large ensembles of neurons that underpin EEG and ERP activity, and has 

been recently extended to the fMRI BOLD signal.  The models’ parameters (such as axonal conduction 

rates; dendritic time constants) are physiologically realistic (they can only vary between a range of 

values determined from published experiments), and there are no free parameters.  The model is

objective and testable and has the capacity to explore the effect of any anatomical and neurochemical

testable parameters on EEG and ERP activity. 
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BRID Laboratories

BRID laboratory components are set up as a local area network at each site, installed by 

Brain Resource Company personnel . Each data acquirer is trained by the central facility or by an

accredited local trainer. Training concludes with a written examination and a number of data sets 

are required to be submitted initially to confirm validity and consistency of data acquisition for

each acquirer. Ongoing quality control is carried out on all data submitted to the BRID.

There are over 60 laboratories (in the USA, Europe, South Africa, Israel and Australia) 

that utilize some part of the standardized methodology, with a focus on ‘ Integrative Neuroscience’

outcomes. Many of these labs also use this methodology commercially, for example in 

pharmaceutical trials and medico -legal assessments.  Much of the database is freely available to 

neuroscientists for scientific exploration and publication (contact www.brainnet.org.au for details).
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Personal Factors 
·  Personal history 
·  Medical history 
·  Personal and individual differences 
·  Sleep, drugs and alcohol 
·  Early Life Stress 
·  Personality (5 dimensions) 

 
General Cognition 

·  Information processing speed 
·  Vigilance 
·  Manual dexterity 
·  Verbal processing 
·  Visuo-spatial skills 
·  Working memory capacity 
·  Verbal memory 

 
Social Cognition  

·  Negativity 
·  Sociability 
·  Emotional control 
·  Mood 
·  Well-being 

 
Psychophysiology – Brain  

·  Neural power (amount of neural activity) 
·  Task related neural activity 
·  Speed of information processing 
·  Functional connectivity 

 
Psychophysiology – Body 

·  Sweat rate 
·  Cardiorespiratory rate 
·  Blink rate 

 
Functional Brain Imaging 

·  Functional activation and blood flow 
 

Structural Brain Imaging 
·  Tissue volume (grey matter, white matter, CSF) 
·  Structural connectivity 
 

Genetics 
·  Selected SNPs to the full genome 
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1 page summary of tests used to reflect the 33 brain dimensions1 page summary of tests used to reflect the 33 brain dimensions

Brain Resource Quantitative MRI/fMRI Standardized protocols are used to acquire 
MRI/fMRI data. For MRI: MPRAGE (to quantify structural volumes), Dual Echo Sequence (for 
further structural details), Diffusion Tensor Imaging (DTI – for axonal interconnections). fMRI is 
undertaken with four standardized paradigms used in EEG/ERP. MRI/fMRI can reveal supporting 
biological data to explain cognitive change.

Brain Resource Genetics Data is acquired via cheek swab or blood sample. Analysis 
is undertaken to meet individual customer needs. Genotyping may provide a clinically relevant 
interpretation of individual test results.

Brain Resource Social Cognition Measures of mood, wellness, personality, 
emotion perception and personal history play a critical role in understanding individual 
response to medications. Brain Resource offers a number of these tests delivered via the web or 
the touchscreen so that you can readily add modules of social cognition to your protocol. 

Brain Resource EEG/ERP Measurements of brain function, arousal (sweat, heart and respiratory
rate) are recorded simultaneously with EEG/ERP during each task. Activation tasks are designed to tap 
a profile of the brain’s primary neural networks. Measures of electrical brain
activity reflect automatic, fraction-of-a-second activity like how the brain processes relevant 
versus irrelevant information, speed of decision-making, novelty, impulsivity, memory, 
attention, conscious and sub-conscious emotion processing. The simultaneous evaluation of brain and body 
measures allows crucial differentiation of state from trait effects of any compound. 

StartleResting EEG Habituation Auditory Oddball Visual Tracking Go-NoGo Conscious/Subconscious
processing of 

facial emotions

Visual Working 
Memory

Executive Maze

1 Hour 
Test 
Battery

Brain Resource WEBNEURO This 30 minute, web-delivered test battery is a shortened 
version of Brain Resource Cognition. 
WEBNEURO provides a very simple and cost-effective way to screen, recruit and monitor individual 
performance over time; a low cost way to add cognition evaluation to any trial protocol.

Span of visual memory

Motor tapping

T
Word generation

Switching of attention

Digit span

Executive maze GUR emotion testSpot the real word

1 Hour 
Test 
Battery

Choice reaction time

Sustained attention Verbal interference

Timing Memory recall & recognition

Brain Resource Cognition Easy-to-use, fully automated series of neuropsychological tests 
presented on an IBM touchscreen. The 13 standard tests tap the key cognitive domains: Memory, 
Attention, Reaction-Time, Language, Problem-Solving Skills and Emotion Perception. 
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NeuropsychologyMood

Brain Derived Neurotrophic Factor (BDNF) Val66Met is a genetic polymorphism which affects activity-
dependent secretion of BDNF and hippocampal-related functions. In the rare Met-Met genotype, primary 
deficits in general cognition are associated with some associated problems with depression and social 
cognition. Val carriers, on the other hand, may have primary deficits in social cognition.

Met-Met = 
¯ Alpha Peak 
Frequency

General Cognition Deficits

Cognitive-related ERPs

Fearful Faces

BDNF Genotypes

Val = 

¯ Relative Theta
Power

Val = 
Decreased (blue) 
(a) ventral-medial 
prefrontal and (b) 
subcortical
response to 
nonconscious
Fearful faces

Happy Faces

Met-Met 
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® Frontal P300 
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Met-Met = 
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Working Memory 
Updating

fMRI (Fearful faces) fMRI (Oddball Selective Attention)

Met-Met = 
® Posterior 
N170 Latency to 
nonconscious
Happy faces 

Val =  
¬ Temporal 
N170 Latency to 
nonconscious
Fearful faces 
with ® Frontal 
P200 Latency

Oddball: 
Selective Attention

Working Memory:
Updating

Met-Met = 
Exaggerated (yellow) 
hippocampal
response to 
Selective Attention 
(Oddball task)
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Catechol-O-Methyltransferase (COMT) Val108/158Met is a genetic polymorphism which affects dopamine 
metabolism in the prefrontal brain. For Val-Val genotypes, deficits in general cognition may be associated with 
compensatory advantages in social and emotional cognition, while Met-Met genotypes may have deficits in social 
and emotional cognition.

General Cognition Deficits

COMT Genotypes

Met carriers = 
� Frontal Gray 
Matter Volume

Social Cognition Deficits

Met carriers = 
� activation (yellow) in 
(a) frontal and 
(b) subcortical regions 
to conscious Fearful 
faces 

fMRI

Fearful Faces

Happy Faces

EEG

EEG Theta Power

IncreaseDecrease

Met-Met

EEG Delta/Theta Ratio

Met-Met = 
¯ Centroparietal P300 
Amplitude for Working 
Memory Sustained 
Attention

Met-Met = 
� Frontal P300 Latency 
for  Working Memory 
updating

Cognitive-related ERPs

Working Memory: Sustained Attention

Increase/LaterDecrease/Earlier

Met-Met

Met-Met

Mood MRI

Met-Met = 
� activation (blue) 
in (a) frontal and 
(b) subcortical 
regions to conscious 
Happy faces

Met-Met = 
� Resting EEG 
Theta Power 
(Eyes Closed) 

Met-Met = 
� Resting EEG 
Delta/Theta Ratio 
(Eyes Closed) 
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Robert H. Paul, Jeffrey Lawrence, Leanne M. Williams, 
C. Richard Clark, Nicholas Cooper and Evian Gordon

The purpose of this study was to examine the preliminary validity 
of a newly developed battery of computerized cognitive measures,
IntegNeuroÔÔÔÔ.  This battery is standardized and semi-automated 
computerized battery assesses sensori-motor function, attention, 
new learning and memory, language fluency, executive function 
and estimated intelligence. A total of 50 healthy individuals (aged 
22-80 years) were included in the study. Correlational analyses 
revealed significant associations between the two cognitive 
batteries. These results support the use of IntegNeuro as a 
computerized cognitive system. Additional studies are needed to 
examine the clinical utility of the battery.

" � �� � �� � �#� � � � � �$� � � �� � � �� %�" � �� � �� � �#� � � � � �$� � � �� � � �� %�" � �� � �� � �#� � � � � �$� � � �� � � �� %�" � �� � �� � �#� � � � � �$� � � �� � � �� %�
&� ��� ���&� ��� ���&� ��� ���&� ��� ���
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THE IMPACT OF EARLY LIFE STRESS ON
PSYCHOPHSYIOLOGICAL, PERSONALITY AND

BEHAVIORAL MEASURES IN 740 NON-CLINICAL SUBJECTS

ALEXANDER McFARLANE, CHRISTOPHER C. CLARK, RICHARD A. BRYANT, 
LEANNE M. WILLIAMS, RAYMOND NIAURA, ROBERT H. PAUL, BRAIN L. HITSMAN, 

LARA STROUD, DAVID M. ALEXANDER, EVIAN GORDON

Early Life Stress (ELS) has been associated with a range of adverse outcomes in adults, including abnormalities in 
electrical brain activity [1], personality dimensions [40], increased vulnerability to substance abuse and depression 
[14]. The present study seeks to quantify these proposed effects in a large sample of non-clinical subjects. Data for 
the study was obtained from The Brain Resource International Database (six laboratories: two in USA, two in 
Europe, two in Australia). This study analyzed scalp electrophysiological data (EEG eyes open, closed and target 
auditory oddball data) and personality (NEO-FFI), history of addictive substance use and ELS) data that was 
acquired from 740 healthy volunteers. The ELS measures were collected via a self-report measure and covered a 
broad range of events from childhood sexual and physical abuse, to first-hand experience of traumatizing accidents 
and sustained domestic conflict [41]. Analysis of covariance, controlling for age and gender, compared EEG data 
from subjects exposed to ELS with those who were unexposed. ELS was associated with significantly decreased 
power across the EEG spectrum. The between group differences were strongest in the eyes closed paradigm, where 
subjects who experienced ELS showed significantly reduced beta (F1,405=12.37, p=.000), theta (F1,405=20.48, 
p=.000), alpha (F1,405=9.65, p=.002) and delta power(F1,450 = 36.22, p=.000).  ELS exposed subjects also showed a 
significantly higher alpha peak frequency (F1,405=6.39, p=.012) in the eyes closed paradigm. Analysis of covariance 
on ERP components revealed that subjects who experienced ELS had significantly decreased N2 amplitude 
(F1,405=7.73, p=.006).  Analyses of variance conducted on measures of personality revealed that subjects who 
experienced ELS had significantly higher levels of neuroticism (F1,264=13.39, p=.000) and openness (F1,264=17.11, 
p=.000), but lower levels of conscientiousness, than controls (F1,264=4.08, p=.044). The number of ELS events 
experienced was shown to be a significant predictor of scores on the DASS questionnaire [27], which rates subjects 
on symptoms of depression (F3,688 = 16.44, p=.000, R2 = .07), anxiety (F3,688 = 14.32, p=.000, R2 = .06) and stress 
(F3,688 = 20.02, p=.000, R2 = .08). Each additional early life stressor was associated with an increase in these scores 
independent of age, gender and the type of stressor. Furthermore, the number of ELS experiences among smokers 
was also found to be a positive predictor of the nicotine dependency score (Faegstrom Test For Nicotine 
Dependence, [19]) (F3,104 = 10.99, p=.000, R2 = .24), independent of age, gender and type of stressor. In conclusion, 
we highlight the impact of a history of ELS showed significant effects on brain function (EEG and ERP activity), 
personality dimensions and nicotine dependence. 
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