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I. Introduction

The human functional brain-mapping community
hats a clear need for data visualization, data A
ment, and data sharing. The computational and struc-

tural pommplexity of the human brain poses an unprece:
dented  scientific challenge. &3 more and  more

laboratories accept this challenge, iwwpnlﬁ* abreast of
thee field has become difficult. i.;t‘%‘i’*ﬂ'ghl‘kb duplication
af experiments on human subjects pre-
ventable only through rapid disseranation of new
findings. Electronic commumnication can provide & so-
lution.

Hluman beaine moag

is performed by sev neral

£ 3

techniques. These mchade positron-emission tomaog:
raphiy (PET). magnetoenc n*g:‘hgrlmgmp‘lu (MEG), elec

troencephalography (EEG), and func tional magretic
resamance imaging (MRT), For localization of function,
“PET has provided the hest and most complete infor

mation on human functionsl brain organization”

{Feckura and Martirg, 1991). The reasons tor this s
several. Modern PET cameras have a field of view
*‘awmmt‘vf iy ertire i, with pisel T prum,

slice widths of 3-6 mm, and spatial resi imm iof ey
mm. PET data are scquined in spabiatly F“‘Wﬁw i
or three-dimensional arrays. Activated neural popula-
Hons tan b iﬂ« a}.sm g it fesse mibliompters Pm
ef al | 15 — 19897, Unlike MEG and EEG
dipile : se solution, PET ) wx:}ftmih
precise for any paarrber of focal activations, Because
PET can scan the entire brain in as little as Al 5. sy

pr

‘; ‘~<2§|‘f‘< & by Apaderic Prows, Ine

bl

a mew behavioral condition every 10 min, and study
mesmernis (8 to 10) behaviors in a single session, be-

ally sophisticated parsdigms are widely used.
PETs fﬁ?cﬁﬂéﬁ precision, ”mrmn’fgw &gﬁd pﬁmdf%sn S
p&%ﬁ%ﬁc&tm ha.xf :

WPF
iiw %i i‘zm%r‘aam lg;‘ g Biberature is an obiious
“l.lsf}l‘l:«&] nei-

mm%mmy .
ods for data’

“L‘* iiwﬁﬁgg; b

e standirds 18 aimmt wriver
on studies), greatly facilitat-
a)»p sent, Although rich, the PET
starcdards s still of a manage-
an opportune tme for a data
base iniitiative. Finally, the technical evalution of other
brainrmapping mmluwla- i quite rapid. The human

bmsx‘%«mappm&g literature will soon be inoa phase of
explosive growth. In developing a database for PET
braimemapping research, we will at least provide a
model for database inthatives in other modalities.
With sufficient forethought, BrainhMap may even
prove applicable to all modalities of human functional
brain mapping, unifying these diverse communities,

1. Methodalogical Standards of the PET
Brain-Mapping Community

I the PET braim-mapping commumily, sk ]
methods for data analysis, data reduction, qmd :;Mhh

s TR AL MR
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publication have evolved. Although methods are not
identical among centers, differences are rather minog.
These standards make communication among lsbora-
terries quite precise, Resylis feomud F‘ fﬁnlk&hmws
can be comypared g0 L i
quite meaninglglly. These ksun«:;im:{ﬁ& are the Es‘?sum‘i&*
s wpon which the Brainhfap database has been
erechd.

A. The Bicommissural Coordinate Space

Bicommisaural coordinates have become an inter-
national standard for reporting PET functional brain
ma pping. Virtually all PET braln-mapping labora-
tories mow use bicommissural coordinates as their
“least commaon denominator” for peporting locstions
of brain activation. The bicommissural ooordinabe
& defined by three orthogonal planes: the mid-
a%ll,t.m plame, the plane through the anterior and pos-
berior commissires and orthogonal to the midsagittal
planae, and the plane theough the anberior commissure
and orthogonal o the prior two planes. Following
alignment with these planes, » bradn image 15 scaled
:Q&Lh‘ﬁizm fﬁ‘ §Iw @:lu‘nﬁmwm; {ﬁ“‘ i &%ﬁ‘tﬂaﬁfﬂrﬂ hmm

s rp:«mE“ im“;r m %xi;mmmimum!
in & beain image is labeled by an -y
ablg o the atlas brain.
Using coordinates to deseribe brain location is
counterintuitive to many outside the field, Yet, the
albermatives are limited. The most precise newrcana-
tomical methods ane histological: cvtoarchitectonics,
myeloarchitectonics, conpectivity, and histochemis-
ey, With fiew exceptions-the stria of Genard can be
seen on high-resalution MRL-—-histology is beyond the
vesolutbon Hmits of rovinvasive imaging, Surface fea-
il Byi] can be viswalized by 30D render-
ing of anatomical images (MEL or Xeray compubed
tornagraphy, CTh Cortical infoldings, however, vary
arnoeg individuals in number, shape, and location.
Adihough primary sensory and mobor areas ane typie
cally localized 6o the bank of a primary sulous,
whither any consistent m—:«ﬁa%mﬂmmw exist between
curtical folding patterns and higher-order cortical
aveas remains to be proved. Bicommissural coordi-
nates igpsre surface dmatomy. Location aggmigmmii
a Cartesian spaoebounded bry the
1. Inbersubject wamW‘a"ﬁ’?ﬁEﬁmy p@&,agfmg
gmd in the relation of functional areas to folding pat-
ferms m%m:iuem tmumm m‘mw hm u:k-:;f s&@t &y&i@rz&mﬁﬁm

s,

jects, but does not Preveniag

g

o6 ol subjects. The Lfiﬂ%iw ¥ ieTh
Flkeural coordinates [or inhersubject @wmg;ﬁg
confirms that these variations are spatially random
{5%‘%&?&? 1968 luwk tal,, 198U,
3{, amfl Wéi‘ﬁ% use of bicom-
‘ e g Fy the task of dewvel-
oping & database of hun g, Brain loca-
tins can be .,;mjm»nwd wu?wmf LEsEz amtmgmum ol
conventional terminplogy (below), Voxel-based image
analysis (below) complements the use of Moommis-
sural covedinates, Together, these methods are highly
suited bo database use,

B. Voxel-Based Analytic Methods

The purpose of voxel-based image analysis is to
determing the brain areas participating in o behiviar
in as precise and unbiased a manner as possible (Fox
1991}, Abandoning the traditional steategy of limit
sampling (defining certain areas o8 being “of int
est", voxel-based methods analyze every volume ele
ik [vosoedweithien ::E.xgawez h:‘%ﬁ fﬁ, walu&i&. oy nmw}
Although cmmpmwm&i ’ &
optimize the precision with whmh amvs;ml ;;mm%v
tions can be localized.

Image subls _gm ng i
:ﬂ@ﬁ%“ Fiirs. of |

mgxswnng images within the bicommissural mmcﬁx
nate space, miﬁi b s of invages (e.g., from several
w?csgws cary b simultaneously analyeed, either a
mages of regional change or by computing “I shatis-
ti@:& 2" seores, p'” values, or other statistical pararme-
ters images (Friston ef ol 1969), In images of regional
change and related parameters, ameas of newral activi-
tion appesr as custers of changed pixels (increased
or decrsased blood flow). The shape of an activated
chuster aﬁ%{grﬁxﬂ“iﬁﬂiﬂ # 30 Gaussian, largely reflecting
bl f the image-reconstruction filber.

gt ﬁ'ﬂwrkw wpﬁrﬂm ag th cerer of mﬁm

szi based analysis and pember-of-riss ‘l,mllim‘
Hen are mose precise than image resolution, so-called
“hyperacuity” {(Vernier scuity) {Foo of al., 1986; Min-
tum et al., 1989). For within-subject comparisons, even
of averaged images, neural populations only a few
millimeters apart can be separately lncalized with sub
tractive logic (Fox et al., 1986). Comparisons of differ-
ent groups of subjects are based on location coordi-
nabes, adding noise and increasing the varance
(above). Among subjects, functional areas typically
vary in location by less than 2 centireber [P o al.,
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1986, 19687}, The combined use of voxel-based analysis
and bicommissural coordinates provides efficient data
reduction. An entire change-image array s reduced
v a few hundred cenders of mass. Each center b de-
scribed by an x-y-2 address and a magnitude ex-
preased as percentage change, zscare, or other statisti-

cal parameter,

C. Applicability of PET Methods to Other
Human Brain-Mapping Techniques

PET brain-mapping standards promise to be sur
prisingly adaptable to other brain-mapping modal-
ities. MREI brain mapping already uses voxel-based
analyses, including image s substraction and i imaging of
statistical parameters. Using bicommissural coordi-
nates poses no difficulty for MEL Studies using this

approach have alveady appeared (Belliveau o ol
]%1&3 EEG and MEG are more problematic, as these
data types are not readily placed in tomographic o
volumetric spatial arcays, Even within-subject mmw«
tratics to anatomical images (e.g., MR and X-ray CT)
es mot fully resolve this gxmbl;ﬁzm Increasing the
mber of channels (e.g., o 64 or 128) and applying
acrurate head models will be needed to create spatially
precise data. After this is accomplished, transforma-

oy into bicommmissural coordinates is quite simple

i1, Design Goals

?i‘tl:" fjtf‘i! glrg-p in tmﬂdmg i aiataiz:«aﬁe is to ;&ﬁmhtmh

@ﬁ?’?ﬁ% sructure Tor iniormath
meproanatony, which pﬁfﬁ*:{ﬂ&*& & mmtm{:% i"m" f:&ws
functional expression of brain activity, ... it will l:w»
ﬂt’Lﬁ‘&%f‘i‘ m u“mjmﬁ ma!mﬂv ancl mm@ﬂ

j 1, i gﬁrs

g m o mﬂmﬁ& the standards a rw;i $ﬁ“ﬂ§€um aif
T brain-mapping data, as well as the needs and
hrwledge base of projected wsers.

A, A Searchable Atlas

“Newnroscience is an inherently visual science and,
i this way, differs from other scientific fields” (Pech-
wra and Marting 1991}, The complex spatial stractune

of the brain is best understond when the brain can
be visualized. An efficient means of describing and
depicting anatomy is the foundation of any neurosci-
ence database. A key design goal, then, is that the
user intetfoce must include a digitized atlas of the
burman brain. This atlas should serve for visualizing
the resulis of a query, and for initiating & query.

One approach to creating a searchable atlas is 1o
segmient the brain into e ax::m (Evans of af,, 1988).
Functional-anatomical associations are retrievid and
analyzed on the basis of undque names foreach region.
Although it is superficially appealing, this approsch
has significant flawes. This strategy is best applied to
medium-sized, well-demarcabed  structures. Very
small structures ave beneath the resolution of nonin-
vagive images, Very lange struchures lack gross demar-
catbons for functional bowndaries. For example, the
largeat brain structure, the cerebral corbex, consists
of an unknown but very large number of funcional

regions with no grossly apparent borders by which it
can be subdivided. In fact, it is & goal of functional
brain mapping to determine the functional parcella-
tion of the cerebral corlex, in the absenoe of gross
structural borders. Thus, no o prior subdivisions can
be adequate. Purther, the use of standard anatomical
regions for database development would vequire that
all laboratories use region-of-interest analysis for fune-
tional brain ping. Brain-mapping laboratories,
Emvf@f@% e Zaarg;elne abandoned region-of-interest

analysis.

Bicommissural covrdinates svodd the problems of
i priori vegional parcellation. Every location in the
brain is assigned a unique coordinate, Activated loca-
Homs are Fﬁf;}iﬁi‘mﬁ as the mmf 5 @ nm!m af

if The_acl ren, topether with response

m&%g&:iudg ?&ﬂm tis ilicance. Any given
structune, then, can be queried for reports of func-
tonal activation by identifying s center coordinate
and a radius around that coordinate, rather than by
a name or reglonal boundary. The logical appeal of
the bicommissural enordinate system for data storage
and refrieval, coupled with its widespread accep-
tance, mandates its centeal vole in o database of human
functional newroanatony.

B. Relating Psychology to Structure

In & database relating function to structure, the
logie for storing and retrieving behavioral information

st b ne less robust than that for anstomy. This
poses a problem. Just as the parcellations of the cere-
bral cortex are as not yet known, the elementary infor-
mation-processing operations of the brain are as yet
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unknown. Consequently, the terminology of function
is evolving, with no stardards yet achieved. Never-
theless, the behavioral aspects of functional brain-

F uumrmasl brain-mapping studies atbempt to relate
information-processing  stages to brain  bocations
(Posmer of al., 1988}, Brain-mapping experiments jre
constructed as pairs of related behavioral conditions.
Ideally, these pairs differ by a single cognitive compo-
nent, whose location is revealed in the pisel-by-pisel
comparison of the images from each condition. A4 the

cognitive architecture of any task, hosvever simple, is
r‘dmly krwnwn with certainty, an author's interpretas
thon of the difference between fwo comphis behaviors
{and, therefore, of an area’s function) is somewhat
conjectural or hypothtical.

Brain-mapping experiments are based on behav-
ioral conditions, A& subject performs a task while the
brrariay is imaged. Although the information-processing
demands of a condition are hypothesized, the condi-
tions themselves are & matter of observation. The in-
structions given o o subject, the stimuli presented,
and the responses made all can be unequivocally de-
seribsed. However well-described, behavioral condi-

tions do not ascribe ELm» szmm gm;&r&ix % b0 an area,
Th ‘ i

anabomy, i1§ o we :ﬁnwnh@“‘lumlmm as h&w szit}gﬁ,ﬁ;:;\

tions of bebavioral conditicns or as information-

processing interpretations? IF we omit the author's
functional interpretation, users may misinterpret the
experiment. [f we omit precise sd%uggaiwm b th b
havigral conditions, users are prevented from enter-
taining alternative interpretations, Cur design goal
was to_include bath interpretation and observation,
We hope thal shimdands Tor description of Befavior
will emerge, possibly theough BrainMap and similar
projicts,

C. Meta-analysis

Mapping the functional anatory of the brain is not
84 clear-cul as cwpping the a;rrmwaw u:ﬁ sgquﬁmw ofa
m:ﬂ@ ﬁr”l’ i & functional area *

5 b | ma‘mm ﬁmg”&ﬁ*fzm
lw.w ;m;n’f tumms'mi iﬁlwmuimaw of an area is an ongo-
g process, Lo meerging experiments bring deeper
understanding and more detailed models, but not fi-
nal answers. A database of functional n nigiroamatomy,
then, should weflect the current state of kg ledge
arud ity ambiguities. The database should allow an
wverview without oversimplification. Enabling effi.

ciemt meta-analysis is a design goal that influences all

agpects of database d S mm ;%?npd@m milistion.
The design goal of mela-s ides the selec

gm“”“;’ The forms of data to be included. Raw in image
{ata are BUTRY and gwﬂiw entensive # postprocessing
to be interpreted. On the other hand, reducsd dats
" ted and compared amo 1;», cenlers,

if standards exist for prstprocessing [above). Reduced
chiskn, Byonwever, must retain safficlent d@i:m;l o allow
.&if%ma%i ve interpretations and analysis. Meta-analysis
olies the ability to critique dute guality. Method-
ological details such as the numbers of subjects used,
tha kmzagmh .rnr:;x:ﬁa%mf amd resclution, the response

whm@ﬁ%i mm:&um% mm% be iﬁﬁf‘&lklﬁxl

i
?@ﬁms%

[, Broad Audience

pY

< Human brain mapping is a field @ the crossroads
of diverse disciplines. Interest in this field, then, is
broad. & brain-mapping database should reflect this
breadih and be designed to reach as wide an audience
as possible. The data types and query structures must
be relevant to scientists and clinicians across a wide
range of disciplines, The interface must be intuitive
ter users widely variant in their knowledge of human
neursansbomy, ps mugm borivin immaging, and cor
puter science. Finally, the larger envirorunent within
which the database is dlesigned must be nonrestric-
tive; e, the hardware and software environment
should be widely available, inespensive, and readily
Fesrried.

£
B

E. What BrainMap Is Not

Mo tood can perform all functions, Dhesign enclie-
sioms are as necessary as design poals. Brainblap was
not designed as an archive of raw image data rather
it. manages re ced.dlata, ready. dor metianalysi:
JainMap 15 not a “laboratory prganizer,” like the
BrainBrowser (Bloom, 1991 rather, it is intended for
meta-analysis of an entire Geld. Brainhdap is not a
teaching tool for neurcanatomy; rather, it is a tool for
the functional brain- -apping research community.
BrainMap is not a ol for pmmpsma'%mg o analysis
of raw data, like statistical parametric mapping (Fris-
bom #f al., 3%’%} or change-distribution analysis (Fox
ot al., 3"}%} rathwr, Lhe labwmh'sw b v
tisa? &&k& Ao g}ugm.az ATEna .
stuﬁ‘frﬂ‘ st an electronic | mlaﬂnm board, lik
Worm onnmnity System (Sohatz, 19910, or ;mt;umn
imdes, like MedLine; wither, &‘émgm" I;E_gsg}u.’wwwrn:n pere R
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for pre-depth exple
perimerhal 1

ped

b s endevactie smehaennlysls of the
erabuire of an expanding feld,

IV, Implementation

Brain®ap is implemented in three parts: a graphical
terface, a g«tp%zml endry interlace, and a rela-
tromal database (Fig 1), The user gueries the data-
base through the user %aﬁ{mmm twy search and report

Yatabase of Human Functional Brain Mapping &

Capriiman) |
dindonmeition

»% E“xgw}:

g | ;*:?@ B

s

Figare 2 The databuse stowcuse of Braihbp

sereens and a built-in, digitized brain atlas. The entry
interface was initially designed for in-house use and
will nod be described here.

A, Database Design

wd b nakin mi b
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paper is divided into one or more giperin
ewperiment is a grouping (§ epically a pairin
haivral comdditions for which mi‘swmm%ig asa‘?»ﬁ%éfﬂ
locations are reporied, Setueogg! s ape specl
figd For wach experiment. Mot a%z%%;aiiﬁ e
apecified for each exper
rropcdaliby, pacer, patient p
I PEOELS OaTe o i 5, the bow-
est Jevel of the hiesaschy. 1 (i, wach
x-y-z coordinate] caeries Il‘% ks ug;i! the hierarchy,
allowring indormation af the experiment and paper lev
el tor b vapidly ristrieend,

hueries follow four paths: location, bebavior, refer-
ence, and protocol. & query can specify a single pa-

e b single path oo specily rmualtiple paramiers
.wir& g faliple paths, sith relations defined by o
lian loghe

AT, fftf: ﬁﬁf?; imyfffh

1. Location Cueries

Five amatomical schemes are used for data query
(Fig. 3). The primary anatomical scheme is the bicom-
ural oocedinate space (abovel. Brain locations are
described ag x-y-z sddresses. Findings published in

Figage 4 The digitized atla
o e lagalion refurms an :
Tpwest prlades pabdishod i Talasah of ol (1967

i ir; rm by mmym»umi LY *ci 'M?g a{,w i 1? :

Poaw of gl

Bicommissural coosdinates are £l; "*'i_ an actual.
When a mapping study does r |
but gives oeEnt anglomcal O *i;ﬁé;%arr am appro-
ke conrdinate o be pnbered, if s Hagged as “eati
mated.” “CH {kigih o s atlas loeation autormatically
pribers a congdi i, A sk can be brogd.
ened by speciiying
by &;ﬁwzf Ving %m’m‘;zﬁ ¢
5 ATE ¥ d by g}%i reliriates of a¢
%ii;‘ij I i i . The
athas s mﬁ@&d frrm E,ulmn f:if:s aré ;»if _l‘?ﬂfﬁ?]
The second anatomical scheme is a geometrical par-
f,l!lsé*i&%n oif the pepebral corbix {iiﬁ‘llﬁs}:‘ i z‘{wlrl‘ “] h,g

4% SBeare

re-

*%i.j

xami M’W&{i@ﬁ‘{ pmes, such as ?}ﬂlﬁ@'l})ﬂ%’;ﬁé@ ru:i"lsfi. Jn‘

L
i wsy,* i:dm v adls weas acapbed

b coordipakes

£ f’;wrdimgw or
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Loteral View
P
T Jj
‘ o § L
Fy d .
L T
Basal View Maedial View Lexberaal Wi
Figuee §  “Geoamwtrical” anatonsical ssarching. Brabn locations ave ooded by surfave (lakeral, soedial, il

brasall, by bobse (eontal, temporal, sooiptal, and paredall, and by sectar.

the cerebral corfer, however, boundaries are vague
and nomenclatures vary, Cortical locations may be
named by gyral anatomy (eg., the angular gyrus),
Lobar geometry (e.g., dorsal latesal prefrontal cortex),
and ill-defired quasi-anatomical names (2., Broca’s
ares and supplementary molor areal.

The fourth anatormical scheme is the Broadmann
area. Brodmann areas apply only o the cerebral cor
texe. Thiw are based solely on cytoarchites todies, with
my gript from connectivity, h ﬁitmh?’mmtw wor fun-
tiomal observations. Forn ‘ aging studies,
this ferminclogy is always premm@ﬁl ard never con-
firped, Adthough Brodmarin areas are by 10 means
anideal scheme for region naming, this nomenclature
is widely used and does have some power for data
storage and retrieval. ‘

The fifth anatomical scheme, the functional area,
names by the letter designations of functional areas,
such as 51 for the primary somatosensory cores or V1
foor Bl preimvary wisuad cortes. This naming conventon
presumes interspecies h::xn'lu"skmsw. as these designas
tioes are derived from studies in other species using
a variety of technigues including eytoarchitectonics,

myeloarchitectonics, histochemistry, and intracortical
electrode recordings. Nevertheless, they are beoom-

ing popular in the human lmm -mapping liberature,

2. Behavieral Chierics

Three schemes are used for Qﬁa‘fﬂtﬁmg bahavioral
data (Fig. 6). The behavioral domain is a Tierarchical
ﬁé’ﬂbi?gﬂfiii‘ %:;ss”m aspl;élic‘.xbiﬁ m an @-mlr:&s £ nm;eﬁs% ““l""h—szé

aﬂs@ ﬁ;idx hma} };gwh wrmaw mmﬁ ] Rs, i d]’iﬂﬁl,&l‘d
sion is divided into color, sh
motion, &f’;ﬁ%hﬂ lu‘mihmmxr ete. Submodality ©
Pies are rod commn artrhamz;wﬁ mu‘l Wlu i‘;@ﬁ «l.*‘.p%"’
peeded, Behavion

accessibie to osers e

The second behavioral schen .
b, Task descri % Ar kn%} wmdz, *h
perimental paradigms. E»
innclude “Stroop b
wous performance b
forth. This query pmh is :rsm‘*mdﬁéw:i pmm;ags‘ ly fis

ELIE TS

kL?f’MﬁJ‘iw
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idraciong

conversant in behavioral experimentation, although
not necessarily in neurobehavioeal maging,
Experimental gpecification is the third bebavioeal
scheme. This scheme specifies the stimulus, the re-
sponse (e, physical movement), and the insteee
Lioms gaven (e, the mental “set™ established) for each
behavioral condition. Entries are briel and hiersrchi-
witl, Additional details about the experimental condi-
tions are available as et fields excerpted from each
manuscript, but cannot be wsed fo initiate a query,

3. Rederence (Ciationall Caeries

Each entry has complete ncation information: s
thors, title, year, journal, volume, page numbers, and
by weords. Each of these felds can be used to initiate
aapuery. All current entries in each feld are provided
as a pepeup Hat ol all avalla 5, allowing the
e bo resteict a search b possible wl,gim even bidore
o search s initiated,

4. Protocol (Methodological) Queries

This cabegory searches the database for exper
mienits with common methadedogical parameters such

Fo ot wl.

piporvins, Bt ol ss,@hé i xgﬁi@%ﬁﬁ kel poradigne
an atlenubas, sespores, and

as modality (PET, MEC, EEG, or MRI), tracer, subject
population, statistical figor, laboratory of origin, et

B. Graphical User Interface

The user interface is fully windowed and op
well i the multiwindewed environment of the Apple
Macintosh 1. The user moves through the search and
display funchons of the “Tﬁ}«w am thyough & series of
special-purpose windows. Vietwally all wser actions
are mouse driven. Functions are initiated by xlm:k,lms,
saft buttons labeled with both text and icons. Search
specificatis ly setected through buttons

gl

e imitial
and further specified with pop-up lists of possible
rhsices. Kevboaed entries are allowed throughoul,
bt are rarely advantage

The wser interface b
burman brain (Fig. 7). High-resol
from a bicommissural- coordinate space atlas {Talair-
ach, 19%7) hive been hand-detailed, creal irhg guablines
of cortical gray matter, white matter, ventricles, sub-
corticad gray matter, and the cerebellum. The user has
the option of viewing any plate as a gray-scale image.

it atlas of the
o photographs
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it ba
w DEndricles
Ll
Lerebinllim

Figaire T The vser broberfuoe nebudes adi
suralvonrdinatespace atlas (Talaich
it ool wrndsicles, suboetical gy

pepion ouflines, or Alled seglong in any combination.
The plmung routines allow the locations associated
th%‘s apmlw hnihwmn ks ‘E:m p:ulmlm:i amm imam B

vuf*&% {II?*’L}.‘;. 5«}, i‘txinm in t}'ﬁi‘?‘ plot xosémn, ?thifit rilations
o behavioral and citaticn data. Additionally, the plot
tmgg,, sereen gell can initlate a search on amatomicsl
selewting a location within the atlas. The
user interface is distinct from the database. Thus, the
current waer interface could be maodified or ported o
other environments with no alteration in database
diesign ar fungtion,

€. Enmvironment

Brainhap has been developed in the Macintosh envi-
ronment {&“td ﬁ"!i\:{* rates. on thf ?ﬂna'imtcﬁgi‘i 3‘{ i

ro‘ef‘?mly l i’iw' [mw 1‘ .nimﬁ wn;laf‘ m.:uﬁa; iﬁk I i)

R wh computers, the sophistication of the Mamﬁ{!‘%lx
pger interface and its fully windowed environmend,
l!*w high quality of Maciptosh graphics, and the se
phistication of available prototype-development tools

fie., SuperCard],

THRT) have been hand-detailed, croabing outlines of meni ;ﬂt‘ﬁ? maé;v
vesbter, daned the verebellum.

Brainbap's user interface was created in the Su-
perCard protetyping environment. Supercard is @ set
of ocls for developing custom software on Macin mex
computers. SuperCand combines bwi jmww?zul
phors for building scitware familisr
users: windows and pulldown menus Eug mmg,w&:m;w
i%mugﬁﬁ i pr‘wgﬁm ismﬁ ms:&g amﬂ ham:.‘kra wr mn]»a

r*mij P in ’f‘k'}lylk

ari dafimmzé ﬁmd an mn*m‘lz‘
soripts are attached to sach object and the pr-:*-gmm is
ran. Supercard supports multiphe windows, variable
window siees, 256 colors, and easy inclusion of exter-
mial commmands arnd fumctions, Finallv, sofbware devel-
opers can distribute standalone applications without
lig enging fees.

ap's database is built in Oracle, o bransact-
‘ﬁ;‘?l database mansgement w*-smj'n AL i U frvliase
try stamdard for large-scale projects and has been
called “the database of the Drs™ (Gruber, 1980, In
the Macintosh operating system, Oracle supports
input and output wsing SuperCard or X-wimdows,
OracleS0L code is embedded into Brainbap's wser
interface and entry interface. Through SuperCard, the

=
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Figune 8§ The digital sl is weed o eé‘mgzia}*img rebrieved daty, Locations seported a5 being significantly activabed

amp phabied on the atlas,
B

Braindap user interface issues SOL statements to
drive query and entry. BrainMap operates both in
a stardalone mode and in a client/server mode. In
standalone mode, a single Macintosh runs both the
sier interface and the database (in Cracle). Tn cleny/
server mode, the wser imtelace s run lodally, bt
guertes the database through o network link to the
SEEveT, | e Dracle s highly portable, this soft-
ware architecture will allow Braindap's database to
b served by a high-speed processor over Internet to
mudtiple clients at remobe sibes.

V. Distribution and Further Development

f. Beta Testing

A beta version of BrainMap is complete, Refine-
roent will incorposate ingput from brade-mapping labo-
rabories, To this end, a BrainMap Advisory Group
has been established. The Advisory Group includes
representatives of the fields of PET, EEG, MEG, and
MEI brain mapping, newroscience database develop-
oggrbive schence, computational mewrobiology,

and human and primate behavioral neuroscience. The
Adwisary Group began its interaction with the Brain-

Map development beam :hmmuh&w arkshop (Movem-
ber 20 through December 1, 1997 23, Thie workshop pro-
vided a detailed critique of the BrainMap concept and
stught consensus on its viability, pricritized future
developments, and planned the means and scope of
future distnbution. Beta testing began at the end of
Workshop L and will continue theough Workshaop 111

Dt updates will be managed by ‘the dev eloprment
site—the Research Imaging Cenber ab the University
ol Texas Health Science Center al San Antonio. Al
brain-mapping laboratories using, bicommissoral co-
ordinates are encouraged to submit preprints and
high-quality copies of figures wpon manuscript accep
tanoe,

B. Mew Tools; New

nvirommenbs

In the short term, development will be aimed al
a&a&mg bunctions given highest priosity st the initial
warkshop and in the early phases of beta testing.
Tools for report generation will need to be desigred.
Tools for constructing and testing newral-systems
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grvecliels wonibd be baghdy desirable (Friston of ol 19910
Follwing beta testing, distribution will be e scpareded.
The rrw:wm’ strategy for expanded distribution is to
port Braindap’s database (in Oracle] to a high-speed
UMD server; o serve the BrainhMap database from o
ceptral lovation (o clients runping the user irderfiee
in chiertfserver mode at remnte s hrowgh Internet,
and to port the user interface to additional popular
envirormments, sich o Microsoft Windows for [HIS
anel LM S winadonrs Sdodil.

Long-range goals of the Human Brainblap Diata-
base Project include incorporating datasets maore
inclusive than those in the pulbdished literature,
ferwie] # the logic fer inclusion of nor-FET brai
mapping data {e.g., MRL MEG, and EEG), building
ffzxr mai Hf& E’imswj ma&‘eﬁ&rnmrxgu o s,mfmb%m%%uﬁ

Ag}mf xal-f:é;‘t‘mnifa' Ii‘@gﬁﬁﬁﬁf fur §mma§1 braine m&gﬁgzmg

clka,
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