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Intcpretiog meszages: encnded in mingle
neunmul responaes rogulres knowlog which
Teaturex of the renpupses carry informaiion.
Fhat the cuncber nf xpplies iy a0 importdnt par
of the ¢ode hR? loog been obwioua. o recend
weurs, it Bus beon thowyn thal modulation of che
firing rate with aboul 2% m=x presision carvies
infermartcn (Bat e add e adleldle Prom the totnl
ocumber of spikes across the whole yesponse [
huy been progped thed pufigcras of oxmerly
ticocd {1 ma precision) spikes, such ay nepeting
friplcty pr gundruplote. might carvy infoenone
tnn zhat i nut avsilable from koowing about
fpikke covot and rale mdelation, A mwalc)
using the splke count dinvibution, the bkrw-pass
fileered P5TEH ébandwidibh below 30 Hz), and,
ta & abwkll degrec, the Jncersplke Inlerval
distributicn predicts the numbern wnd types of
rxacily-timed wiplets ond guadruplews dhod are
mdistnguithale frmm {Gose foaod io the data.
From Mhie i e B concdilded Ehul e onsxe
(=3l Ebr) seguential correlation structure over
thae gives riec tp thy exacorly 1imod pacrms
present In the recordid xpike trzins. Jecause
the eparce temparel siFvciure predices ¢ fing
tempary| stenctare, the Information carvied by
the Mine termpeorml slvuctore must be completaly
redundame with [het carried by {he coarc
Mruciure. Thes, B cxisttnes of precisely
tmed aplke pRiZerns carsying stimulus-relnred
iofurmution docs mot imply comtrol of apike
tlivilng ol procise tdme sesley.
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Imterpreting the mPrrmmticn cncoded in single
aeuronal  responses  regaines knowng which
tespunse Rephyres  camy indormation, Dospie o
greal deal aof smdy, which responze feaeere: are
impotant is sl et cemipletely cednin. Onoe
xppirinely s Lo adenti By e setullext nogmker ol
paraancices thil grg: pesded i roprosnt all aapcts
o neuransl reaprnses ewgading nlsrmallen. s
frmal  lmaguags. we would like o Bnig the
ity deseriphop leagth FOT pepreReating
neuronal eeponses. o ome senge, o de=seribe a
nourenul responac. we o anual xpeeily b e
ditte Of wacke spike, We are inperested lesd an the
spilkie train itzelf, lwawewer, tham wn ils rele in
tramsmitting informatioo. Theriome, only  Lhose
wipeects of the responsce  thal  carry Wy
alformaticon reeesd e anel oded.

Ve have wsed o appreaches. 199151 we
meusaeed the saloumation careied by cliTerent
RMnse reprexenlotions with e goal of
wlennlyinge theae caereing  induripicon Seeend,
e srughl W develop a statistical oeodc| than wes
arly & few experimenud | pressreone i e prodae
aimulsted spike trams thel arr indestinguishable
bom those recoodod l.il.r-l'itly; sielr u?«:[n:ril::m::nls.
Below, we [irst review dhe parameters tha ace
Knowwen 4y dusuritie cpike raing, Woe then vie (Ao
porametors e desenbe w2 miosdel thal prodeces
suvnadared ppibs Lieirey il v iodisunguishaile
leon 2l Yeda

OYWERYIEW OFF METHLIRN

We reeorded 3R OL0EN amd 19 Y single
s i asenke, {ixnting menkeye Stimuli vl
prezenied, one At & e, foc 280 e 3500 ms
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folemending on the exact expariment} centening on
Thi slwrmical mecuplivo Tvold ansd sovanng somo wf
the near suecowid. Fhe spike tane were mecooded
with 1 5 rerolution, The atinulus acta included
sircple bright and datk bors on o gray bockground.
patches of pricnted =i wave geatings from 1 Lo &
erwesbet per depres, and Walsh satierns, bn the
LGN, the stomuli inchudesl Brghn and dark bars,
and acemlar-guwround allvaell of botb prsitive and
ne:pative pontrasts. wikth centers ranging Tom
pnuller dhiore 1o lrpor than iy mouarents e emped ve
field conrer. The grabiogs, Waldh pamerns, and
tenter=-Ruwround samiuli wete aonitoa=aniendulanss
arpuand the backpround luminanee.

Data analysia cluded satisticn] dogedpilony
end infarmalion theorstic mcethods. Teforwsstion
thewry gquantifies hew well ar sutp sipgnnl. bere 2
neum'E eapanse, can e ssed woidanlily the
input, here & visuel stiimualus {Shannon & Weaver,
1949 Caver & Thonaa, 19935 Before knowing a
TEUMO'S IC4PEN5eE. e are uncertadn akoul which
imamiliae G g aimmdden set e prcsaalod.
Inferrnation is the eedustion in uncentainy about
wihleh  sbmuluz  wos  pregsenfed, provided by
knqm‘inj_{ ithe  newroeo's TEETHMIRE, |:|'|1I,Ii|:|-.'\"'l:i:i'.
indnnulion guantifes haw distinel thie merposes
Ly ditferent sitnuli are. The le=sz the responses to
Jifferont stimuli ovoclap, the amnllor the chanes
thit oo than one stimiles elicites] & panicnlere
cespetica, and the highoe the infarmalion. The
moare Ui rosponses o ditferent stimaki overlap,
the more Jdifficult it is 10 detsrmine which
stinendon wlicited o pramicala ceapeere, ad the
[ower  hwe  Informacion. Thus owe  minimal
deacriplion ol’ neuronul respinass moal include
beah che wverage retpamsars T the sl and thear
vorlabllltie=n, nomely, we muost know  the
distribulivn of rmponses @ eich  sHimoles
Ertinating information feoan dula con be dilicult
and should T undestaken carctully. Ths problems
thul wre associated with cstimating R MAion
Urearme samakl alina sty gre b=yl the scape of 1hns
digevizkacds, hut  arc  discusred  cxicheively
clrewlions (REjast ot wlo, 170, Ouloenb o oal.,
1997 Papser, Urewes, 1998).

Foor tlwr wearh belowr, our wse of lformeatlon
theary i lareely compamtive. We wonkd like 13
ke selich repreeietions af eouenl renpoiuog

allow dus claseificaion ol stienyli with she preates
corninty. nomely. whith meprocestlaiums  dieey
mure  ipformation. Ofen we want o Rooess
whather subding an vlement o the cepreseniation
of the responaes {that 18, wemeakiog e dimension
o1f thes coxle ) s-dds informntion.

MIRULTS
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Hinge the corlicat wiegle-nopren ecardinpy, it
hes been clear ther the aumber of epualses o
rarpaen s diremgth s ousfly medulowcd by shanging
cxperitycial paramelers For gxample, in W1 oaof
merkey corex, the respruses @ 3 stationany sine
wase praling or bur centered an the oeceptive ficld
EhElnp;E #0 e oraniatioes 1% ct'r.lr;!_:::], 111ll'ing TS 0
the classie tikng e,

Becpils  this obvious relation hetween
orlgntntice wnd responsa sirengstl, the ledceprots—
tion of the espwitdes s dare complzoated thas
HrsL nppefrR bocauas he puntber of bopoipes
variss  widely  across  repsated  trisls. This
wvarighility iy ususlly deoll with by sveesgeing
geross  {hopefully  menyv}  repetilions of  the
stimubus cundition. Licenuse the booin doca new
brrvwes dhe luwury of the expedmentalist frbserving
mzny torroensca) and magl decode the responRe
from a singls siimuolus presentabion, the brain
wcanrol aveigse acss 1Aals, instesd, the resgonese
ndr Be decoaded acoems mecrons. Adkios B
many independent neurons are needed to decode
the resporue W0 determine, for esemple. fhe
sficntation of a bar or geating, iz naousl. This
quesilon cun bo arnaweored by cxomining hoewe
rruch informmoon 1% oeeded to dermrane the
gricalolion, mnd how much inloomalion i
provided by o singEle armon,

Pt mothods Ror anlewlating informacion nve
calitated respose distibutions direclly from the
date. elthough. 05 was poinled oul nbaeve, doing 5o
wtn L FilTivwll I s papt feve yrana, acalrle
tethods have heen develaped {Kjscer ot al_, 1954
Clotomt et al, 1997 Panwerd, 'Preves, 19490
Yictor, Pumgruma, 199600 Reoslly we have laken
anowhar appredal. 1iathor thon cetimoking sueh
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dotniTuadioeesn dinwaily Ceieree gl adanber, werr anvaike bl
ehe data wsinge dizoibotions wite wel-atudioed
pratediss, e owr zpike wounts,  Coussion
distribueiong trwacated al zero i e daetn weld
enirph B TRstke accumite information ostiimoles,
whicivas  Posxsore chsiribelons B0 ke odaino
subuctandinliy less well and lead oo proeee ctainaaiey
i Inmern it inbarreit oo (fershon o4 al., 1R
Woiciws & Tcheoond, 179 Lisamg ihe comedct
digteibetlon i eapecially ingprortant fue iolempretog
the pryrin ol exactly fimed spike patterns (sce dic
PRCTEL F-FITTRN LTTY TS ATy PR TTITIEITI 1Y !upi_&ful SIELIEL —E L

The nwcana and variaweces of stonoius-cliciwed
FespIcmeae Bve BeaEm s B0 b orelaled (1Fig 13
{Tolbee=t ot al, 1981a; olhboorst en ool 1 b,
Talhwet ot gl PREE; v Ko ot ., LRES, Wogels
el al. PUEY Gerchon ot ol L9998 (ershon e al
CUFEY ]l Wiemer ammd Rachpmsod (1993 shewed

thil  waing  thes relatles  Belwresrr o -amlb
werianee, ancl Lhe tenneeted Ciaussian naodel of
(£ = EETLI = ETIN PUTTE O SR N AY TR R TP T RO T RO IV M TEETRT oA
o 1he slimolus-selatad nforntanon e s coceied
fn the aferks coual In oneml, the ameunt ol
nboaroeadion varricd io U sjike connks o vzl
erslem neapeni i oabout 004 dee 05 bt Dloie, 1w
o thres mcleperndent neyrons would Be eeded 1o
PTD\'id‘-'." e e It of mforsicnsn thapl s
mecessATy Jor dividing 5 sbitidlus sel v dwe, sinal
Tt £ oaead 9 neeroans W decode which ER 43
ST A TN TR | E_.l.lll.i.l!lEF.\. EYNT WL T RN

Hute Yuriecdon sl 1 aleney:
The fimiag rate generadly danges duricg: Lty

penpanxde 1 A siagle slamelas  pocSelaEciot.
Finding respaonacd with 2o somu averge {iring
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Polaleon Borusaaen s 3md cardundo aerend wll peeseseed Tl Ear oo aempie ¥ asatilce call potly googsl sJurs oo

cam and veianee of spike counts ebicided by o single siimodas. Tie logivariapce) is linearly releredd ro the B i b,
The megrsmian lire (wwelid? bas 3 slope of 1 LG and 20 darcept of O 5, Tha dora waabd nod b ekl -ngned 1 maged by 5
Moizaln priseess (eled line}. The medisn varismces (0 meun @tie for theee daca was L4 [Merguumile e LF-3 T
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RESMMIMEE FFATLIRES
raws, but diblersni piclemms, oser onime s el
diffcall [Frg. 23 Gemaathing the resoonses over
tens al milhseeonds [(law-pass filtenng balaw 30
H7) preaerves all the stimolus-related infomotten
thit it gwvsilable o the oagrmeceothes]  reprmes
{Heller et al, 19955 Including this slow variatton
i the respanne sacolnts tor obowu 25% Tora
intormation than 1hal in the mesponse sreogth
nlene (Ipticen, Eichmond, 1937, Riahmond &
al., 1990: Tover el 8l 1555, Reller = al, 1585,
Viktor. Furpura, 1496

Ther latesncy af o essponse, that s, the delay
wath which a change in the =tinwlus slicitz a
change in firing rate, s considered o panticulurly
impr_‘:rt;ln1_ Featgre of ate sl laslism, Ciawane o1 al
{1a8ay shonae] that the lalenay s sttgly rebaved
L e coplcdast w lunioanee 2l i atiooadas,
Feconldy, we conlirmed this result wath evher
stitnali, incheding provings {Fig. 3 (%iceno ot al.,
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PR The eriswiien Baency m W e celated
the pontrast acrass all response streogihe.
The munimal  cdesenplion of
respomases Tl mlude some represcucation ot the
ke modoTation. Whetheo the ol enodualawan
mual br represented at @ precision greater than 1he
fens ol e i eesomade dexembsae] aboewe SUEn LG~ 61

he a sabaect of sfudy.

e sdnnd |

Faukkly Tirmrml Spihe Pulicrns

He Tar wu have sgen tha both the spike cousmt
g [nadinge dns st batiorg el e slawely varsiege
paltcme af rate change (ncledicge latencw ] ane
related to the stmulos. Each catTled inlirmelieo
tlaal ix wisvpilalble T weilacs. I
natural e oreprescnt 0 pedronal  Pedponse ad 0
soTies of discrote spikr ammival times.
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Flp. 1 Eogennucs eiened By prackmp of sevarml conlmdls g oofiss] akd fossqeimnel arenokion e 0 Y 1 ooreplab gall.
There are sahsiontial changes o cesponec drenEi Hedieced byr changes inonention, oo U baldnde 2halges Ry
menkn & AmAY amoant Tha Ieemwics b puhsinnsially benger - 30 ms in thiy saample) @3 10e cnmrasl decrezses,
[he mupimem labenecy al pach coodess) i@ dhe same ar hosh oriendationy. The royones & bemed by the lowend coms]
apditmal Iy ooended praling iy largs worhoa Bng lmency (bodem el colemny whersas the respoess elicred by ansHlar
graeing i3 work pad Teea @ whenT Inesney (af nghl ecdurm). Thos, [stoikay &0d FeApanee AleEryrdl oy Bideisieiccne
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11 rtwe lwese b escey apike @3 imporoaetl. the
monber @f dislinel  esponsc Entemns s
subsrantinlly heger than the nomber of Apikes,
thewsretically making it gessihie Tor respomss
Peluirms We emdeale gl Bare isdvrsiation e
thal o spike count alone. In the simoplest model.
Thore worn W b g S0 = 511, Lkt in, 01 Gl &,
difforenl weavs of placing & soikes n o~ T
hirs, The leige smmber of the  petentially
avigilibles  teprrees of  ficcdinw bk Ieed both
experimemalisis angd  1hewrslicians o oakixsdur
et ller ke Paliccar revcas el vepby molbeseconcd
precisiun corry intormadion diat bas ool yet been
phentidied, Detecting whelher ard which pattceons
carry  mdurmatien is difficult  hoswever, 17w
chuaside & eendly inelicates the pumber of deproes
oifF Freesclavnae il 8 el e POTLRE. Altl‘b-:augh

candl LeTlng protides an csirnonlinuy number oF

distimgr patierns {more ehan L,0O0D [or 3
RpTReR i MY nis). eply i padiculor putierns acc
CONRiElY  pectaot in msponses  elicimd by
r=erins ke stimoali do thay dranamae ineforrrotien

Iy & provogideee: specdlislion, o proposal e
boen made thad patticbur 1vpes o spike pottems
werss ieerons might play a crivcal mle in higher
hran functiung, =swch a5 the perception of abjects
(Abales, 2091 [asfkentie, Sieehler,  [BE2:
Lestienne, Tuckwcll, 1998, van Jder Malsburge,

e hegider, PESG) 'T'e iavestipote hhoplicatiens ol

thiz speculation, Cram =1 al (199 ooy
sneeresf oul abe [ofaeeistion erslical  omed
slaslestiesn]  shudies of the procisely #imed spibe
patberns deairilaed Bsfoew, Wi rnvcstigidorn weod
thaee bwpars of prewviowsly atudied cxacily tianed
apike pacicoee LD estienne, Strehler, 1987 Abeles

ool P99 Aabeles, CGerstiow, 19338},

1 uriphsts for which the esacl same padern
repeisled one or more omes (called repeadloge
i e hatlopw 2,

O repewd e quoedeaplers (defioed dn ke e
mimneT a5 (ke repeating toplets, ewoepl g
Peslle i wiaee |l e spakas nnmesd, wed

00 ihe numers of el oy of Feapl ens necuoming
gy Al preseniilliang  af 0 Dabidulur
S0 fetas.

I lsrm woe discuss the vesulls frem e repeating

gl weliiel e TepreseniEeive ol thogss Frem all

fhrge: Ivpes ol exaclly-timed  sppike  pacicons

LYY IVTE O

Firzt, the wfisrmation camied in e xpake
wardiml dlene wot comnpaesd weivh Ul Inloemanan
varried hy the spike coum plug the nambers of
repoating tzipleds. Drapite (he eiplers v s
wurmee s1imrlu s-releled intocmaion. the wEnl code
caffled ey Thie e weroddd o il oy
thatl carried by 1w spobe copnl olone.

The inlermaive  tasergien] nalyis  shdss
that the owrther ol Wples i shrumdy relafed 1
Frem spikey Sl Tl Tore . v mnsiied wias Seenghst o
cuninect The spike connt fo e cxactly -timed spiky
patterms.  Revorml  sach pooxdels bgeer B
pnepieed], Ehese odels sleae e ST PO hat
e cxacr Lemes  of  spikes  are caalomly
dotarrined, bul Jiffer in the dianbuliosn oo
"\-'\-'hl.ﬂh EF"ik.t' times ore Jioewa. The romed CATI MR
sk af mede Ly wser o Pabvion process (sogemally
uniform, vuEme-varyiRg  mon pconldy)  w
dewrming e aplke Linres. Thyg  jene-vurang
Poasson  process  mainizing  the  spproprale
periatirmdlus tare Distegrom (PETED. bt {uils o
milgh  the disaibuton of ipke cousts  and
imlcespike ntenwls  iher models ek rhe
deztribution of speke caunix Kundomly reordenim:
th I:I'Il.'l:'T&]:I':-I'FI:i: intereals wikhinn s fraeee e iR
e inalerval distrlbandon bBul ot dwe 1SS
cxchamzing 2pikes helwesn tridns mainiaing e
PRI, Bor el e imfereat o diwipimgiot el

imecing the limes of spikes i raing ootains baxh

parilvieter:  spproaeineaiely  bead o pcither exacily,
Thus, each meds] preserves Soarms iz
Moaiures Wl iz evapeoeed, By g preson es |
[(Table 1h

The oo rs ol precisely tiTred pettern= oo
in the spike reaibs thian swene gerrwriied osime 1hess
mmte|z hove falled 10 match the nuesskers o
cxpermendally ebsereed spike wains. This roseb
hma led roncarckeres das rl_'_iu-l.'l thacer masedsla o4l ke
Lembeliwely canelwde thal ar Teaat sooner pwon iy
el xpike patemns are determined by ol
seninii cosedibioe § Ao los et ol T8HEL Aep iz aor
al, 1991 Lhang =t al.. 199%7; osticme. Suehbil,
VAT, laacliwome, luskwecll,  EVSRD I'rie of ol
1998), N s possible, howewee. w orecan the
EEANITREIOA ol Ateehastioy  ansd e oo liede
inztead that the models of spikc eme dasirldutims
ar: g1enl el ey,
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Bicdel Metkod Irteral - 2 Rpike count
. Al sarabsuaticrin maehed P — Lum|ing
Hwinogenenos Unaifiam Poissan -
Pvi st PECREG ¢ . -
Interspike inrereal | ShofTle inlerspi ke
e 1N 150 intervola + -
PSTIT matched Tume verying Poissan
Punssiom prlsm sy | -
[ Lamirl LihgsLbEobIg sk | .
Lkt cnunt Lanr: ur abore with
Friaiy o 1reda colfewtid Lo e =+ =+ r
_ | =paktr coaamt

An deewrane Model efSpike Timing

To acosuwnt ‘Tar the resulta of the nformation
thaoreneal analyses swrirariyesd above, Oram et
B IR el smd tegrad & mwsu glabadisal
miczdel, the spike coum maiched modsl deserbed
b, The rpike count maiched medel Benorancs
single spake Lrains in 8 wanhet smilar o e
nonhemogemtous Poivon proceas thet was wyol
by [esitenne ot al (19E4). Inuteid of asauming that
the pooces:  gensraling  s=pikex ooz Poiapon,
hoawsyes, which would lead to 8 Poisson spike
cound distribution. the agike coums were torced 10
mawh those chserved in the crpenmental dats
bucause, as poitted ann ahove, the Foissen
diggrildiaee By {he darn pasely. N fur i LW ],
1he Qita had six apikes 0 a triad. an ertificial o;em
Wil win Hiked was genstnlel {ig, ),

Becently Bemy med  Meizior (1998) haye
shirvwn thal b aerapike immerval dirtrihation
affects how well the fzponse can be modcled.
Lhcretorg, am (e spike count ralched pnd the
noahomegeteons Poisson models, the inwenspike
wierval distibutinn.  geseratsd initelly &y the
k], wis forced to mateh that imm the dola by
athusting e  probohilities of the fist iwe
infevaty Wihen generated comling o 1 or 2 ma
interval. a spake was discarded randomly = tho
the  epxuliing  nerval distsbntion matabed e
distribution in the dita (ses Oram of al, 1999)
[ b~ puBpstmient of the Wnlerapike imervnls mad &

small but zignifieant cffeee on the numbers of
wpeating triplety. Fur example, in ¥ the aumiber
of fepenting miplers averaged 1,57, the predictions:
were 045 For the WHFF model, 4.55 for the apile
vaunl malched tiodel, i 03T fw e spike
ccant matched model with the %I s pdjusted. For
the data presetiled hers, only the fest Lwe iplerald
reecst b addjreted.

Figure 54 shows that 1w bumeponssus
Poisson mvadel, vhe interval shaffliog masdel, med
ihc  nponhomegeaesss  Poissen aondel ol
underestiminte the puabet of eriplets found in the
deta, In conlzast. the spike eount ntakcheed midot
predicts pumbers of  wplets e ane
imdistinguislahble liom the nubers Goond @ e
dedy, Biocnuse the nunilses of tiplols is B s lochase
conscquence of the spike couml amsl inierval
distributlons amd the PSTEL 80 ean camy only
inforration  already  avxilable  Bom those
MEASLEE,

Investigating whether particular ypes ol
triplels, nnomcly, thoue deflined by pormisular poird
of intervaly, camy esdditional stimolus-reloed
informution 9 atill necryanry. Bocousc the munsher
of irplets being counerd s large (hare the 5§23
differens iriphen trpes with both intervsls 2 75 ms),
w problonn anscs witl mllipde cosnpeaiEuns, Even
if the 3pike count matched soudel B coTect.
(LS = G5 =125 reois pre expected o be
significanl a2t the p <005 level. 1o 14,00HH)
sirm L loed rons of the spike connt morched ol
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Fig 4-
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poreralie. The oumber of spikes nesded i chosen Zron rhe jnber oF apikes in Lhe recorded data. M othis exunpde, wis
IRy wor] Ptdbd. I8 REs FOAEOM MuANBGH Wk b chiuvaen, pleeey) o the ardimods snd mapped Dhiugh Pl
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sy voiAbnining the sl numbor of Eiads Ay S
reoorded det, we found, on Bverage exactly the
atervemcntioned nuratur of vigniFcant ioee, This
result ik eonsistent with the  hypothesiz gt
rplets of cach (xpo adse by ohonec,

Figare & iltwateatos the dunpers of mcltiple
catmpsarisons. The lop panel shows the pumber of
triplers of cacls yper in the xperimenc] doa, $he
[our panels belowy slwwe the ummber of triplels of
o8l tupie wm Peenr difREre ot <ot ol dali 1Rar were
smlatocd wsig the spike count aawhed model.
Thrue madal runs heve poaks that ate an lage as
the laryest penk found in e Gioa, Thus, although
[ IMERK Ehiel the lippe ponk Grocs e dats emont ba

siptbnEine 44 IEmip i, wWee TWWAT excreike nution
becauye a stochestic model lepds te cquelly large
Colily, IF Wt mcospt the hugh peoks on the dne as
significant, we caust alse acoeps the high peaks in
the sirolutions s rigRifichm, Y1 we Kedw that
the lamor wers generated by & stochastic proceas
thait 7 directly relan:d v the apike counm,

The results show that matching the spike
woun! dizicchution i oriticsl For matching the
numbers of prcisely-timed patterns in dhe data
The reason for Whis can be seon by cxatnining de
seletion beween cie firlog rfd and e 1w ber of
repeating plets. When tine fisng nde is high, die
nurnber ol mipless incrense= vory mpedly (-, 500,
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shuflling medel, the osnbomogenecus Foizaon rmudel. and the spike coum mmched model. The anibos of FEpeanng
tiplets generased [y [he apike cosst metcked mnodcl we indistingaehabie nm e nambar Found i %ho dada. Tha
fatmmberrd garesarsAd by e cdher b meodalc ars mgihficuntly (p - 0008 dlfferent tuon Ueno feusl i e doen, B e lation
ul \h= number of giplets 0 spike count The numbem of wiplets incresses nodlicearly ot oll spike Soun [ the
vitiulildy of the roapnoacn o wHimroaimesed tha oahdwer of Mpkea peedlaied will bn sdaneielmeisd bocaose e
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Fip.#  Humabcry of repeonig inaolsls of 0 fvper with eaeh rieevad loaa chan or eyuel e 33 qpa Tle B pang] Lhaides e
crmbers ol cepearisa wiphers of each e for one Aimoios io a 1 complex cell. The uthor 4 packla Shiis 4 diFfe sne
rEmuleiEmnl rigry, Theegs Hgures cndlcpta the difficulty with malliple somparigsem, A Waagh the riplere aonumed mes:e
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nambcrs of cach miphet trpe, mchuding the oats conuming mvss (cgepihy, A Aece froen nosrechodic medel .
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Tl [eakt Arecila soothy Jarpe: mosiberes f ypihes e
rrcelimtk el fas would happen iF, for cxample, the
dranaticd  webince send wmnller than e e
vigianes}, Wen de nunber of woples predicied
wall b timy e, TS 10010 A0 ol A% AETaHivE 10
cheabiges a0 the "SR Low-pass filtering dwe
FEEN does nedl offaer the  predaegy  arapled
suuciure s long ns fequancies helow about 34
Elr e ner amwruentwl. This comcaponds W
smocihing the PSTH with a Gaussan having o
slerclar devition of -5 ms, which i3 cguivalom
1oy bl s sk es i B ms wede time blns.

TR LSS TN

A wpike win hos many degrecs oF fraedom,
Lpd ke Jdes thal moany OF IS might cdoey
indormacion 2 appealing. Howsever, the resubs
wwicwry] abuve show thot scouraichy describing
spibke pans eyuires specifing only (2) the spike
counl  distrbution (which i3 approaimotehy
truncated  Gavsskany, (b dhe PS‘.'IE*]F [wilh &
bamdwrlth +f lezs than 3¢ Hz, the oquivalent nf
Mcasunny spike counts ln 30 ms wide binsy, and
{c¥the imtcrval histogram. 17 they completely
ehmwribe single neoreaal cespenses, then 1hess
featunssy contnne all of (he informetion that is
evoiluble fremn thase responsge, Ao makier whsd
represeqilalicR i5 chozen. The accuowsacy of the
nipihd Lot inntthel mode] =hown ol e T
temporal strectuee of eeaponses Chere 1nplests and
ywnlreplels repeoting within wed  sorgeg drisls)
depends  stochastically ondy oo teese  &carer
meastres, Thus, the fine temporol  strustunes
should be viewed as & ransformed representation
orb Whes pes poanss,

“aiven these findings, oot can wionsder wihether
these previacly cimed sruciuess coph? by oacd
PR TET, T ifiarmatian LT LA LE T Tt
reEmibilily swems wnlikely to us The infomation
varnied By thete padtern i aloeedy weailuble from
the spike cowtt {and fivtm the =dowly wacing
peiral variiion saan im0 e FETIHE)
Fumherneooe, the amowant of information cami=d
hy bz tAplels i1 much Teas than that casvicd by 1ha
spuke cound, hecayse per trial. the oumber of
triplets s svuech vanrg wariable thas the vwrnbesr of

spdheeg. Fhers are lyrge aunibers o tials doed have
few o7 no ropeating viplen. and o fes or 8 single
wria]l with b lurge numiber of eepostiog giplens,
somctimes  hoodveds. This  vardability & cven
wreater For sy pactlcular 1oplet dvpe . Such & borge
vamance makes these wplet pativrns a code that is
lexs relialhle tham ypike ceunl, Thus, the tirdeis
(and other previscby-tnrexl paterns) are  poot
candidaicy for parrying aritival indranen

This work clearly demrenstrages dize the o
femperml strusture of a sprks imtin is sepstive o
the distribution of spike cowns (Fip S0 F Poisson
distrilvtlicnas biawe olien beep szxomed 1o b
eflective madels of the response. 1 we consider
ﬁufﬁn:imll_:.-' narrow time hins and asspme  that
spikes appear 0 coch Indeperdently of ali the
others. o Polason proosccasn arasss noturally. Thas
mppoenling  derivatdan  fewd  the mogkemotical
texmtabulity  of the  Poisson process  have
comribuidd & e waldespedwld gae of° Podeson,
madels of epike trains. These models predict a
Frisac JHanbutivn o spike sounts in autficicomly
long time windows., Expenmental doeta. howower,
irchuding thet presented heee, have genemlly been
inpopsstent with e Poisson hypothesas
(Baddeley o al. 1997 Bermry. Mcoistcr. 199%,
Bradley ot al., PSRY; BAtlen o al, 1492 Wraeas
el al., 1998: Gershon stal, 1903, e on ol FUms;
Lovime, Trowe, 1084 Keish & o, 1997 Besesden
wial., 1992 Tolhurst ot al., 1983 Victor, Furpom,
19904 Woucts e al, 1939, A correlaim bneivecn
tirne bing, swch ss tha obmerced in Heller ot al
(1S F Ahet It Zhe T s UsaurnBLIEH R SOTiee
bt CaarTECE.

We wopchide that the  spike wains oy
conRistot wilh a stochastic procese peneraing, all
the spikca, znd thal zcmal comefativn an a bpead
time scale (spike coent diswibwion and PSTH)
— ary ,E_I."-l"f. pis by e Mes I|:|l|'|+|-|_|l||_a| FLICET S IR e b TS
in the dain. o another comwese, Brody {1996 hus
shorwn thil slow comelations in spike couols
berwenn poirt of feursns can give Mac W LW
cross-cortclogram  poaks {8 ype of  preciwe
egureinlion’. Thua, the axisanes of alroctore ol
fine tirge scsles does nol rmply comnel a fec
lime =onlos.  Accounting e dhe  infloemad  of
camde latams evsar long pariceds on precisely tined
porernr Al any tyme foeund in aprike CPeima i al vy
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necessary. When the fine Erporal strusturs is
precdivied fram the cuarse tSmparal Hrscidic. It
can camy o wmque information and then, for
n3acysing Ihe Lofermuation camicd, only the wndric
structuee teed be deseribed. The resolts may be
uscful tor imarprcting the signifreae of precisely
timedl parterns of spikes across neumns  for
IN{GEELON Prosessi g,
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