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Beta activity: a carrier for visual
attention
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ABSTRACT. The dpha (813 Hz), beta (1525 Hz) and gamma (30-60 Hz)
bands of the EEG have been long studied in dinica research because of ther
putetive functiond importance Old expeimentd results indicated that
repetitive simulaion of the visud pathway evoked synchronous responses a
the corticd levd with gan depending on frequency: osdllaions within
relevant bands were less damped a subsequent processing levels then others.
Our current results show that in the cat, cortico-geniculate feedback has a
bulld-in potentiation mechanism acting a aound the beta frequency which
activaes thdamic cdls and may thus lower the threshold for visud information
trangmisson. We have dso shown that enhanced beta activity is propagated
dong this feedback pahway soldy during dtentive visud behavior. This
activity conggs of 300 ms to 1 s long burds which tend to corrdae in time
with gamma osdllatory events Bea burding activity soresds to Al
invedigated visud centers including the laterd pogterior and pulvinar complex
and higher corticd aess Other supporting data on enhanced beta activity
during atentive-like behavior of various speces incduding man, ae discussed.
Fndly, we put forward a generd hypothess which attributes the gppearance of
ogdllations within the adpha, beta and gamma bands to different activation
daes of the visud sysem. According to this hypothess dpha activity
characterizes idle arousd of the system, while beta burds shift the system to an
dtention dae tha oonsequetly dlows for gamma synchronizetion and

perception.

KEY WORDS. Animds LFP, human EEG, resonance frequencies, cortico-
thdamic loops, visud informaion flow: gan and organization, adpha beta and
gamma frequency bands, activation Sates of the visud system



INTRODUCTION

The newond  mechenians  undelying
percegption by the mammdian bran ae poorly
undersood. Fast ostillatory (gamma) rhythms are
believed to serve as a coactivaion mechaniam for
populations of cdls from different bran aress
during the feature integration process (Eckhorn et
a. 1988, Gray et d. 1989, Bresder 1990, Lopes da
Slva 1991, Roskies 1999). Another hypotheszed
mechanigm, dtentiond sdection, podts that the
same reult is obtaned by increesng the rdative
excitability of cells activated by attended objects or
voluntary action (Tresman and Gdade 1980, Crick
1994). The posshility exigs that both mechanisms
cooperae the atentiond mechanism may activae
populaions of cdls thereby dlowing them to
gynchronize  their  adtivity. In a hieachicaly
oganized sysgem like the visud sydem, this
hypothess would require the  harmonized
adtivaion of cdl assmblies encompassng many
processng levels via feedback pathways (Crick
1994, Zeki 1993). In our experiments we firs
goproached the issue by andyzing the neurond
activity in the cortico-thdamic sysem of atending
cats. These data are discussed together with scarce
relevant obsarvations from the literature and our
own results obtained on human subjects. The paper
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Fig. 1. Smplified scheme of the mammalian visua system.
Consecutive processing levels are marked by circles. Notice
the reciprocal connections between thalamic and cortical
areas. LGN, lateral geniculate nucleus; LP-P, lateral posterior
- pulvinar complex; V1 and V2, primary and secondary
visual cortex.

focusss modly on the andyss of locd fidd
potentids (LFPs) as these better mirror the
modulation mechaniams (eg. atention) and dlow
for more diret compaison with humen EEG
recordings.

RESONANCE
VISUAL SYSTEM

FREQUENCIES IN THE

The mammdian vild sydem s
hirarchicaly  organized (Fg. 1). Sensory
activation is trangmitted from retina through laerd
geniculate nudeus (LGN) to the primay visual
cotex (V1) and higher visud centers Principd
neurons a extraretind leves of this sysem ae
under inhibitory influence of recurrent
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Fig. 2. A, Relative phosphene threshold intensity obtained
with alternating electrical stimulation of the human eye
(adapted from Motokawa and Ebe 1953); B, amplitude of
occipital EEG signa evoked by visual stimulation of the
human retina with sinusoidally modulated light of different
frequencies (adapted from Utlett and Johnson 1958).



interneurones. Separate excitatory  feedback
pahways control the reday dructures Such a
network of recurrent loops may exeat vaious
modulatory ations on cdlular firing in  the
frequency domain.

For more than five decades researchers
have known that repditive simulaion of sersory
pathways evokes synchronous responses a the
cortical levd with gan depending on freguency.
For exanple dectricd dimulaion of the human
optic nerve has shown that the phosphene threshold
is lowes a 20 Hz and additiond locd minima are
observed around 10 and between 30 and 65 Hz
(Schwartz 1947, Motokawa and Ebe 1953, Fig.
2A). Rdevat phydologicd messures  were
pefoomed by dimulating the retina  with
gnusoiddly modulated light intengty. It gopeared
tha oimuli modulated with 10 and 20 Hz
frequencies evoked a high amplitude oscillatory
responses in occipitd EEG recordings whereas
other frequencies produced damped responses at
the cortical levd (Utlett and Johnson 1958 - HFg.
2B, Montagu 1967, Lopes da Slva 1970q). It has
been further shown that such modulation can even
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Fig. 3. Frequency characteristics of the evoked potentials
(EPs) in the cat's visua system. A, Averaged EP recorded in
the visual cortex and its power spectrum; B, power spectra
caculated from consecutive EPs registered in the visual
cortex (V1) and latera geniculate nucleus (LGN). Dashed
lines indicate frequencies of highest local power amplitude in
spectrum averaged from all constitutives (adapted from Basar

1980).

be obsarved & the retind levd (Hughes and Méffe
1965) and the damping coefficients increese a
ubsequent  processng levels in LGN and V1
(Spekreljse e d. 1971). It is obvious tha in a
Sgysdem contaning exctatory recurrent loops such

damping is necessay in order to secure
dabilization. It is common to ascribe the damping

mechaniams to fead-forward and  recurrent
inhibitory  connections (Ahlssn & 4d. 1985).
Disactivation of the inhibitory interactions or

amplification of the exctaory loops leads to
epileptic  discharges  within @ the  sygem.
Accordingly, we have down tha dectricd
dimulation of the cat's visud radiaion provokes
resonance oscillaiory ectivity of aout 20 Hz
frequency in the retinotopicaly locdized cortico-
geniculate loop (Wrobe et d. 1998).

With the hypothess conddering visud
evoked potentids (EPs) as dimulus-induced LFP
rhythmicities Basar (1980) found that amplitude-
frequency characterigtics of these potentia's pesked
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Fig. 4. A, Power spectra calculated from the LFP registered
in dog visual cortex with eyes closed and during attentive
observation of a hole in the screen in expectation of
appearance of the reward (adopted from Lopes da Silva et a.
1970, 1991); B, Amplitude spectra of the LFPs registered
from the visua cortex of the pretrigemina preparation of the
cat after habituation, and during a period in which eyes
followed the hand of experimenter moving in vertical
direction (Wrébel and Bekisz, unpublished); C, averaged
difference of frequency spectra of the EEG registered from
the occipital electrodes of the subjects when listening to
music and observing the complicated posters (32 subjects of
the 11-13 years age; adapted from Giannitrapani 1970).



for the same 10 and 20 Hz vaues with additiond
prominent peek developing above the 35 Hz (Fig.
3). All the above experiments support the notion
that soike trains of didinct frequencies (about 10,
20, and above 35 Hz) pass through the mammdian
visud sygem with the smdlet decrement. These
frequency bands may be therefore cdled resonance
frequencies.

FUNCTIONAL MEANING OF THE
RESONANCE FREQUENCIES

Long dinica experience has ascertained
that the spectrd power of the specfic EEG sgnd
bands changes with different functiond dSates of
the brain. Much interes has been recently focused
on the dpha (813 Hz), beta (1525 Hz) and
ganma (3060 Hz) bands Frs observaions
indicated that generd aousd is accompanied by
decreased power in the low frequency, dpha band
(Berger 1930) which was described as EEG
desynchronization. With better quaity recordings it
tuned out that more characterigic for cortica
arousd was decrease of amplitude of dow 4 Hz
ogillaions (ddta) and the accompanying dpha
power could even increese a the same time
(Childers and Perry 1970, Bekisz and Wrobd
1993, 1999, Herculano-Houzel et d. 1999).
Interesting from this point of view are obsarvations
of increesed beta activity in subjects habitudly
usng vivid visud imegary as compaed to
negligible beta activity recorded in subjects with
rddivdy inadequate visud < imegery ity
(Mundy-Cadtle 1951, v. Stein e d. 1993). Beta
activity in both groups was highly corrdated with
the observed power in the dpha band (Mundy-
castle 1951).

It is generdly assumed now tha dpha
activity mirrors ide arousd of the visud network
(Childers and Perry 1970, Lopes da Slva 1990,
Steriade e d. 1990, Steriade 1993, Vanni et 4.
1997, Castro-Alamancos and Connors 1997) and
ganma osdllaions save as a mechaniam  for
fegture binding (Roskies 1999). Functiond role of
beta band reminds, however, Hill obscure (Steriade
1993).

Prominent beta band activity was regidered
from the occipitd cortex of dog which expected a
rewarding piece of mea to gopear visudly (Lopes
da Silva 1970b, Fg 4A) and from occipitd
eectrodes of subjects performing emaotiond and

cognitive tasks (Ray and Cole 1985). Recording
coticd LFPs from the vigilat ca prerigemind
preparation we have obsarved the gppearance of
beta activity during the falowing reflex, when the
eyes tracked the hand of the experimerter. This
activity cessed dfter a long habituation period
without any visud simuli presented (Wrébd and
Bekisz, unpublished data Fig. 4B). Prdiminay
data show enhanced beta activity in monkey visud
cortex during behavior based on atentiond tasks
(Gralle and Rougdl-Buser 1996). On the other
hand decrease of beta spectrd power was detected
in EEG ggnds recorded from occipitd eectrodes
of subjects pecaving patened visud dimuli
(Giannitrapani 1971, Fg. 4B, V. Stein & d. 1993).
Such confusing results can be explaned by the
assumption  that visud processng  organizes
cottical activity into gecific goatid paten
replacing the globd synchronization present during
ide gate. This hypothesis will be discussed beow
together with supporting daa from our cat
expaiments The increesad beta activity in the
coticd EEG of humen subjects has however,
recently been obseved during a dday time
preceding visud differentistion response.  This
activity was assodaed with mechanism of dhort-
term memory (Tdlon-Baudry and Bertrand 1999).
Our intendve invedigaions which ae reviewed
beow suggest that dl the described results can be
condgtently understood by assuming that beta band
adtivity reflects an aousa of the visud sysem
during increased visud attention (Wrobd 1997a).

THE ROLE OF CORTICAL ACTIVATION IN
GAIN OF THE RETINO-CORTICAL FLOW
OF INFORMATION

Neurond dircuits located in higher leves of
the mammdian visud sysem proect feedback
pathways terminating on principa codls of the
preceding level (Feleman and Van Essen 1991,
Zeki 1993). The idea that the descending systems
might be used for control of the atention processes
IS not new (Adrian 1953, Hernandez-Peon 1966,
Singer 1977, Sherman and Koch 1986) but it was
only recetly that the neurd mechaniams
underlying such control has been demondrated
(Lindstrém and Wrdbd 1990, McCormick and van
Krosgk 1992). It is not surprisng that due to the
complicated organizetion of the association cortex
with many intermingled connections (Kaas 1993,



Feleman and Van Essen 1991, Zeki 1993), these
mechaniams wee a fird invedigaed in the
cortico-thdamic pahway of the visud sysem
(Lindstrém and Wrébdl 1990).

The ascending fibers of the prindipd cdls
of the laterd geniculate nucleus (LGN) of the cat
send collaterds to pyramidd cdls of layer 6 of the
visud cortex (V1). The corticd neurons project in
turn toward the LGN where contacts of their axons
on principa cdls outnumber al other exataory
gynapses (Wilson et d. 1984, Montero 1991).
Udng intracdlular recording techniques we were
able to show that cortico-geniculate synapses have
a hult-in  freguency amplifiction  mechaniam
which reaches maxima vaues & about the 20 Hz
frequency (Lindstrom and Wrobd 1990). Based m
this observation we podulated that beta frequency
activity trangmitted via the cortico-geniculae
pahway can depolaize geniculae cdls and
therefore increese the input-output gain of the
geniculate relay (Lindstrom and Wrébd 1990,
Musieé et d. 1997).

The roe of this rich and potentidly
powerful descending pathway was obscured for a
long time (Geisat & d. 1991, Kdil and Chase
1970) snce dl experiments were caried out on
aneshetized animds and the cdls in layer 6
become active only after weking up, as shown by
Livinggon and Hubd (1981). These authors dso
demondrated that burding ectivity of pyramidd
cdls which accompanied the weaking periods
improved the responsveness of geniculae cdls
(comp. dso Coenen and Vendrik 1972). It is clear
that the possble functions of the cortico-thdamic
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Fig. 5. A, B, increase in amplitude and frequency of
appearance of beta bursts recorded from cat's visual cortex
during expectation of the visua cue (A) and lack of such
changes in auditory diffefentiation task (B). Consecutive 8

rows represent continuously recorded signal from the same
electrode in visua cortex (V1') before and after appearance
of the preparatory stimuli of corresponding modality; C, D,
correlation between beta bursts (marked by vertica markers
in A and B) registered by two electrodes in V1 (V1" signa
not shown) during visual (C) and auditory (D) trids. The
recorded signa in A and B was filtered in the 16-24 Hz
frequency band (adapted from Wrébel 1997h).

projections should be dudied in awake animds in
which the pyramidd cdls in visud cortex are essy
to activate and thus operate within ther intended
physologicd limits (Wrobd et d. 19%4a, Gray and
Di Prisco 1997, Wrébd 1997b). Therefore we
planned further expeiments on behaving cas
which peformed conditiond tasks requiring shifts
in visud dtention. We hypotheszed that when
visud informetion forms a vitd componet of a
task, the atentive dae necessxy to gan this
information should be accompanied by activation
of the cortico-geniculate pathway.

BETA ACTIVITY IN THE CORTICO-
GENICULATE SYSTEM INCREASES
DURING VISUAL ATTENTION

In an atempt to ducidae whether the
goectrd power of beta activity increases during
visud dtention we peaformed an expeimet in
which cats were rewarded for proper responses in a
oatid differentigtion test which required visud or
auditory dtention in intermingled trids (Bekisz
and Wrébe 1993, Wrobd et d. 1994 ab). In brief,
cas were traned in a geddly dedgned smdl
wooden cage equipped in front with two
tranducent doors. The visud and auditory trids
were preceded by a preparatory  simuli  of
goproprite moddity: a diffuse flash of light or
noie from a loudspesker from behind the front
wadl. During the visud trid the cat had to notice
the cue simulus (1 s duration flash of a smdl light
goot) which gppeared with 10 to 20 s dday
(randomized) on one of the doors. When pressng
this door the cat could grab a piece of meat for a
reward. Anaogoudy, a short (1 ) noise from one
of the loudspeskers placed behind the sdewdls
was a cue for solving the auditory differentiation
task. This procedure kept the animd in a dae of
dtention to a given moddity, dating from a
waning up to the cue dimulus and shifting it to
other moddity in the subsequent trid. It is
important that during the andyzed period of any



trid the animd was kept in the same (visud or
auditory) sensory environmen.

Locd fidd potentids were regigered with
the use of a set of dectrodes chronicdly implanted
into the visua cortex (area 17, V1), auditory cortex
(A1) and ds0 the visud thdamic nude: laerd
geniculate nudeus (LGN) and laterd pogterior —
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Fig. 6. A, Averaged amplitude spectra calculated from signals
recorded from cat's visua cortex during increased visual

(thick line) and auditory (thin line) attention in the same
experimental session. Each spectrum was obtained from 14
independent signal epochs of 2.5 s duration, taken from
successfully ended trials; B, comparison of averaged LFP
amplitude spectra from the time periods preceding correct
and erroneously ended behavioral responses in the same

session; C, D, amplitude spectra showing spectral content of
the signal registered from the primary visual (C) and auditory
(D) cortices of other cat, calculated from correct trials in one
experimental session. Stars indicate the significance in the
beta band (t-test, P<0.05).

In the frequency spectra of the visual cortex activity
calculated for both animals before the correct response beta
band has significantly higher amplitude than in the spectra
caculated for auditory and erroneous visua trias. In the
spectrum obtained from the auditory cortex, amplitude of the
beta band is significantly higher during auditory than visual
trials (from Bekisz and Wrobel 1993).

pulvinr complex (LP-P). Fourier andyss (FFT)
showed that the amplitude of the beta frequency
band cdculaed for ather sensory sysem indeed
grew during the period of increased atention to a
specific moddity. For example, during the period
between a visud prepaadory sgnd and cue
dimulus we found an increese of amplitude and
frequency of gppearance of short (300 - 1000 ms)
burgs of beta oscllations both in LGN and V1
(Bekisz and Wrbbe 1993, Wrobd et d. 19944,
Fig. 5. Such enhanced activity was, however,
obsarved only in the successful trids and was
absent in those which ended with an erroneous

reponse. This observaion indicates that the
observed beta activity chaacterizes a  spedific
atentiond date of the visud sysem (Fig. 6A,B,C).
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Fig. 7. Directed transfer functions (DTFS) between signals
registered from six electrodes implanted under physiological
control (LGN: azimuth 2 / elevation 2; PGN, perigeniculate
nucleus 5°/@; three electrodes in V1 from posterior to
anterior: °/2, 2/0°, -1°/-2°). Hippocampal (Hipp.) electrode
was placed in the dentate gyrus. DTF calculated for the signal
flow from LGN to other structures are shown in the
consecutive boxes of the first column. The signal flow from
other structures to LGN is expressed by DTFs shown in the
first row of boxes, etc. DTF vaue represents signal power
recorded in the target structure which is related to the
temporally preceding (> 5 ms) structure’s signal. Each cell on
the matrix dagonal contains a power spectrum calculated by
the autoregression method from the signal recorded by
relevant electrode. All functions are normalized according to
the one of the maximal value which was taken for 100%. Left
matrix contains functions calculated from the signals
recorded during correct visual trials. Right matrix shows
relevant DTFs caculated for correct auditory trias.
Variahility is expressed with corridors showing SEM. Note
high DTF values at beta band for signals spreading from
posterior electrode in V1 towards LGN and other V1 sites
during trials requiring visua attention and lack of such
information flow between the same structures during auditory
trials (from Wrébd et . 1994).

Were our hypothess of cortical control of
thdamic trangmissons in an dtentive dae true,
beta activity should be propagated through the
descending pathway. This we were ale to confirm
(Bekisz and Wrdbd 1993, Wrébe et d. 1994g;
Hg. 7) by cdculaing the Directed Trander
Function (DTF), a method developed to measure
the direction and frequency content of the flow of
activity  between  diffeeent  bran  locaions
(Kamifiski and Blinowska 1991). Our prdiminary
data dso indicaed that such dynamic corticd input
activates retinotopicaly relevant LGN



representations (centrd vs peripherd; Wrobe et d.
1994b). The DTF anayss therefore supported our
hypothesis that beta activity is corrdated with the
mechanism of visud dtention and is exerted via
the cortico-geniculae pahway. Avaladle EEG
data from human subjects suggest that beta sgnds
between higher visud processng levds may dso
be soread by descending routes (Thatcher et 4d.
1986, Takigawa and Kidiyoor 1991).

Our  experiments reveded tha the
amplitude of beta activity recorded from V1 aea
varied with dectrode location. These observations
suggested that atention relaed activaion of the
visud cotex may be oganized in a spedfic
functiond pettern. In order to verify this hypothess
we have cdculated the normdized corrdation
coefficet with zero timelag (Rodfsama & 4d.
1997) for dl pars of filtered beta sgnas recorded
from different dtes in each animd. On auditory
trids mos of the Pearson corrdation coefficents
had pogtive vdues indicaing that beta activity in
the visud cotex was globaly synchronized.
During Studions requiring visud  atention, most
of the corrdation coefficients decreased except
those with extremdy high origind vaues (> 0,75).
For few such pars the synchronization of the
recorded dgnds was higher in the visud then
auditory trids (Krakowska e d. 1995, Fg. 8
comp. dso Llinas 1994, Murthy and Fetz 1996).
These results suggest tha in a visudly atentive
dtudtion beta adtivity in the visud cortex is
organized in a spedfic functiond pattern (Ahissr
e d. 1992, Aridi e d. 1995) according to
theoreticdly  suggeted demands of  the
"searchlight” hypothess (Olshausen et d. 1993).
Attention relaed changes in human EEG activity
was origindly corrdated with vaidion of the
dpha band power (Berger 1930, Ray and Cole
1985, Vanni et d. 1997). There were observations,
however, indicaing that enhanced beta activity
accompanied certain intdlectud tasks (Ray and
Cole 1985) and some invedtigations suggested that
this enhancement may be used as an arousd index
(Cadenas e d. 1997). Our preiminary results
show tha the amplitude of the beta frequency
goectrum  regisered by  occipitd  eectrodes
decreases with incressed visud atention (Wrobe
1998, Fig. 9B). Paradoxicd decreases of beta band
amplitude may reult from sHting the underlying
corticd activity into a gspecfic pattern gmilar to
that evoked by atentionad mechaniamsin the cat's
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Fig. 8. A, An example of loca field potentials simultaneously
registered by two electrodes (V1 V1") in the visua cortex of
the cat during experiment on spatial differentiation of visual
or auditory trials (comp. Figs. 57) and their current
correlation. The signals contain only filtered out beta
frequencies (16-24 Hz). B, Reation of averaged correlation

coefficients of the signals from visua trials calculated for
different pairs of electrodes placed in V1 and difference
between these values and coefficients calculated for the same
electrode pairs during auditory trials. Pooled data from four
cats. Straight line (by least squares method) marks on the
abscissa the value 0.75 above which the strength of the

correlation grows during visual (in comparison to auditory)
trials. Seetext for details. (Krakowskaet al., 1995).

visud ootex (Fg 8). Skin dectrodes tend to
aveage EEG dgnd from a lage aea of the
occipitad cortex and the amplitude largely depends
on the synchronization of dl contributing sources.
Accordingly, corticd activity of smdl amplitude
but synchronized over large corticd aress may be
recorded as ardaively srong sgnd compared to a
highly synchronized but limited neurond poal (v.
Sein & d. 1993, Menon e d. 1996). In
accordance with such interpretations are  results
indicating thet visud simulation incresses beta
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Fig. 9. A, Increase of the amplitude of the beta band (17-20
Hz) in the frequency spectrum of LFP registered in LPI-c
(lateral zone of lateral posterior complex, caudal part) during
attentive expectation of the visual cue stimulus, compared

with the signal spectrum recorded in the auditory situation.
Horizontal line above abscissa marks the frequency limit in
which spectra differ significantly (p<0.05). B, Average EEG
frequency - amplitude spectrum registered from the occipital
electrode in the subject in similar experiment as described for
cats. During anticipation of visua differentiation stimulus,

beta band has significantly lower amplitude than during
corresponding auditory trials (Wrébel et al. unpublished).

adtivity soldy in those pats of the corticd
repreentations of the visud fidd which ae
engaged in atentive processng (Lutzenberger e
a. 1995, Gomez et d. 1998).

GENERAL HYPOTHES SON THE ROLE OF
BETAACTIVITY INVISUAL ATTENTION

Our expaiments showed tha enhanced beta
activity gppears during visud atention not only in
the primary visud cortex and LGN but aso in the
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Fig. 10. A, B, C, An example of the LFP registered from the
cat's primary visua cortex during experiment on spatial
differentiation of visual and auditory stimuli (A), the same
signal filtered to show beta and gamma contents (B) and their
envelopes (C). D, Correlation between beta and gamma
activity with zero time shift is higher in visual than auditory
trials (adapted from Bekisz and Wrdébel 1999).

higher visud aress (V2, PMLS, not illudrated) and
laterd poderior and pulvinar complex (LP-P; Fig.
7 and 9A). LP-P neurons receive descending fibers
from layer 5 of the visud cortex and send feedback
projections to the recipient corticd layers of
primay and higher visud aess (Guilley 1995;
Fg. 1). Thus LP-P ssems to be in a key pogtion
for controlling the bottomup and top-down
dreams of visud information processng. Previous
invedtigations have suggested that LP-P is engaged
in control of viad atention and sdection of
sient visud objects (Chaupa 1991, Garey & 4.
1991, Robinson and Peaterson 1992). Theoretica
condderations propoe tha LP-P is vitd for
integration of dementay visud fedtures into
percepts (Niebur e d. 1993, Olshausen et d. 1993)
and even that activity of corticd layer 5 neurons
express conscious dtates (Crick 1994). Our results
ae in agreement with a modd which assgns the
role of atention related exdtation of gpedific visud



as=mblies to the LP-P  (Olshausen 1993).
According to this modd LP-P would provide a
source of modulatory activity (searchlight) gating
the information about <dient dimuli to higher
visud centers. From the other dde LP-P activity
would be controlled by higher centers in a
voluntary attention and recal processes. Such an
integrative role of the LP-P complex requires
further  invedtigation. Desgning dl  dructures
encompasd by beta activity during aitentive
behavior and finding directions of the information
flow in this sydem may reved basc processes for
visud perception.

We assume tha beta activity causes
background excitation within specific parts of the
visud sydgem with the hdp of a frequency
potentiation mechanian a the syngptic levd of the
recurrent loops (Lindstrdom and Wrébe  1990).
Such adivaion would dlow high frequency
gynchronization (Steriade & d. 1996) during
putative feature binding process (Eckhorn e 4d.
1988, Gray et d. 1989, Roskies 1999). In favor of
such a hypothess, our recent recordings from the
ca's laerd geniculae nudeus and visud cortex
have shown that dtention related burds of beta
activity tend to corrdlate in time with gamma burds
(Bekisz and Wrobd 1999, Fig. 10). Smilar phase
corrdations between beta and gamma corticd
rhythms were observed during visud gimulaion in
visud cortex of behaving monkey (Schanze and
Eckhorn 1997), dthough these authors discuss
thar findings in the view of visud fegure linking
across different tempora and spetia scdes.

The preset hypothess about the role of
cortico-thdamic  bga adtivity in  dtentive
perception is quite generd and can be essly
adapted to higher visud processing levels and dso
to other sensory sysems. Our prdiminary data
support this notion, showing that large amplitude
beta burgts can be observed in the primary auditory
cortex of the cat during atentive ligening (Bekisz
and Wrébd 1993, Fig. 6). We thus ascribe to beta
adivity a gened roe of an atention carier,
gmilar to the previoudy proposed role of the dpha
band in ide aousal and gamma synchronous
oxillations in festure integration processes. The
three resonance frequency bands of the viud
pathway may therefore be undersood as activation
channds usad to ghift the date of the visud sysem
to consecuivdy higher functiond processng
levds from idle aousd, through atention up to

perception. The presented data suggest that each of
these levels might emerge from the background st
by the previous one.
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