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ABSTRACT 

!wo hooded rats were operantly conditioned for both decreasing 

(Phase 1), and increasing (Phase 2) the latency of a late component 

in a photically evoked cortical potential . Reinforcement was under 

on-line control of a small digital computer with software designed 

to recognize a specified potential at a specified latency of occurr­

ence. Both animals exhibited learning specific ".:o the late compon­

ent in Phase 1 as compared to Baseline. Phase 2 conditioning showed 

that one animal did acquire the reversal task; the second animal 

showed only marginal learning. 

On the basis of the results in conditioning, three evoked 

potential components, one early and two later, were analyzed 

according to latency, amplitude, and occurrence . All components 

were shown to be independent of one another in terms of latency 

and ampli_tude, and to some degree, in occurrence. It was also 

shown th a't the latency and amplitude of the conditioned component 

were independent of one another. 

The conclusion reached was that the latency of a component 

can be shown to be of adaptive significance by itself , and that 

the pt:ocess of conditioning changes the significance of the 

conditione d potential, Thus, each parameter of each potential of 

the evoked potential has the capability of dis crete encoding of 

behavior which is dependent on the conditioned state . 
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Introduction 

The purpose of the study of behavior is to understand how .the or­

ganism functions, on all levels frbm molecular processes to complex 

behavior, and to unify the results bf these studies. E lectrophysiologis ts 

have taken the view that the most viable means for understanding behavior 

lies in that system which is directly responsible for the transmission, 

storage, retrieval, and interpretation of information the nervous system. 

Studies of the nervous sys tern may be concerned with th.e conduction 

of impulses in isolated neurons or with gross brain responses involving 

millions of neurons in freely moving animals. While there is no question 

that a total understanding of the nervous system, indeed of all complex 

behavior, cannot be complete without knowledge of the structu-re and 

function of the components of the nervous system, it is also true th:at 

a study of the integrative action of the nervous sys tern must proceed in 

parallel. This statement follows from the fact that as systems become 

more complex, properties may emerge which cannot be predicted from the 

constituants 0£ the system. 

This paper will take the position that the study of the electrical 

processes of .cida,pting systems may take place quite iDd_ependently of the 

knowledge of the cons ti tuants of the processes. That is, th'e' signifi ca.nee 

of an electrical event may be dem0nstrated without necessarily being able 

to specify all of the conditions which give rise to the event. 

The s.tudies of bioelectric events in the central nervous system(CNS) 

have followed two lines of research~ pure physiological (conduction_~ 

excitation, synaptic transmission), and what Sherrington (1906) calle,d 

special physiology (integration and adaptation). The conclu!;;ions which 
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arose from the early doctrines of Caj al and the electrophysiological 

research of worke-rs such as Adrian, Gasser and Erlanger led to the belief 

that the nervous system could be regarded as a binary or pulse-coding 

device (Bullo.ck, 1959), with the neur on as the bas·ic unit and the nerve 

impulse as the unit of infonnat,ion transfer. This strict view of the 

nervous system has undergone revision with discoveries which have indicated 

that there is more to nervous activity and neural transmis-sion than the 

axon spike (Bullock, 1967; Grundfest, 1967; Purpura, 1967; Purpura, Girado 

and Grundfest, 1969; Schmitt, Dev and Smith, 1976). 

Most work in electrophysiology has been concerned with projectitm 

neurons, those that bave long axons, and have used axon spikes as an 

importan.t part of the transmission of the neural signal. However , in 1899 

Ramon y Caj al had stated: "The functional superiority of the human brain 

is ultimately linked up with the p1;odigious abundance and unaccustomed wealt11 

of forms of the so-called neurons with short axons . 11 (p. 301). Schmitt et 

al. (1976) have stated, that based on experimental evidence, that graded 

electrotonic potentials, r .a ther than the cla:ssic axon spike, may be the 

language of a lcrrge p,art of the central nerv0us s y stem. 

That the axon spike is not the .only means of neural transmission is 

exemplified by the local circuit neuron (LCN). LCNs are those neur6ns 

which have short axons or no a xons, such as the horizontal and amacrine 

cells of the retina (Dowling, 1975), and the granule cells in the olfactory 

system (Rall, 1975). These n eurons are capable .of integrating and processing 

information at a local level without the use of the axon spike (Racik, 

1975); in fact , Dowling asserts tl:iat in th.e axpn type horizontal cell the 

axon may a:ctually isolate the dendri tic area from the axon te~minals. 

Dowling also reports that acti0n potentials are sometimes superimposed 
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on the slow potentials of the amacrine cell, but that the amacrine cell 

does not code information by spike trains. 

It is likely that psychologists and physiologists would both be in 

agreement with. the s ta t •emen t that ·a single neur0n cannot carry en.ough 

information to account for the behavioral abilities of an animal. Rapoport 

(1965) asserts that the mapping of synaptic events to gross behavior 

w:ould not produce a linear relatiQnship. Thus, he concludes th-at trying 

to describe all gross behaviors in teru_is o·f sequences of synaptic events 

would be an impossible task. tn spite of this agreement, the physiologi,cal 

and psychological approach to the studies of the CNS a-re basically from 

two different points of view. Physiologists assert that complex behavior 

may be understood in terms of the isolated behavi,or of small groups of 

neurons (Bullock, 1959; Pribram, 1972). Psy chologists, on the other hand, 

a}'.'e not willing to: accept that behavior can be reduced t0 merely the sum 

of its basic parts. Some years ago Boring (1932) described this difference: 

The physiolog:i,_st holds to the faith tha:t the brain, being 
mad:e: up of neurons, is capable only of that excitation which 
is the sum of the excitations of many neur.ons, and that 
these cen ti;-al neurons obey the same laws and are excited 
under the same limitations as apply to the peripheral neurons 
which have been ex;perimen tally studied. To this articl e of 
faith the psycholo.gist sometimes opposes another belief , 
that the organization of the cerebral excitation corresponds 
to the organization of phenomenal experience. (p. 32) 

Uttal (1967) further emphasizes tlµ,s idea: 

A reduction analysis of behavior to the level of the 
individual actions GJf neurons and synapses, on a strictly 
detenninis tic basis, may be jus t as difficult as describing 
the behavior of a box of g_as on th.e dynamics of the 
individual molecules constituting the gas. (p .. 631) 

Physiological studies have traditional1y used pmverful stimulus­

response designs, with the intent to formula te laws governing coding of 

stimuli and the interaction of neural structure and function. This design 

is powerful in terms of relating a discr e te stimulus to a neural b .ehavior , 



however, the adaptation of the organis·m is usually not affected by the 

stimulus nor dependent upon the neural eveI1ts studied (Walker and Long, 

1976). That is , the expertmental envi,ronment is not challenging to the 

organism under study; the behavior is evoked rather than emitted. For 

psycho logy , the area of ini::eres t is it;i adaptive behaviors, i::he behaviors 

of whole organisms in a situation where behavior is allowed to be emit t ed . 

Pursuant to this, research in psychology has been more interested in 

variables affected by the his tofy of the animal in adaptive situations 

such as perception, learning, memory, attention, and motivation. 

Neural Substrate of Slow Waves 

Bullock (196 7) lists several forms of bioele ctric even ts recognized 

as impo;rtant as signals in tl;Je CNS. These include: passive elec-trotonic 

potentials; active electrogenic potentials, interneuronal transmi tt,e rs, 

and electrical signs in masses of neurons. While physiological psychology 

has dealt with single units and complex behavior, the bulk of the research 

has been with the la:st group listed, the electrical signs in masses of 

neurons. I t is these slow wave (SW) phenomena, which include the electro­

encepha.logram(EEG), and the stimulus-bound evoked potential (E.P) which 

have been of primary interest in psychology. Since the body of this is 

concerned with slow waves, an attempt ,.till be made to review their connection 

with the neural substrate. 

Early research indicated that SWs were envelopes of spike discharges 

(Adrian and Matthews, 1934). Extensive review of the subje~t (Landau, 1967; 

Purpura~ 1967) has since pr·ovided ample evidence that the slow wave 

phenomena are more the result of dendritic activity than soma-axon hillock 

spikes or the . 5 msec axon spike. 
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Bartley and Bishop (1933), recording from rabbit cortex, calculated 

that there could not be enough fibers in a given mass of cortical tissue 

for an a~onal model to account for slow waves. They concluded that the 

cortex oper~tes differently from the lower centers and peripheral nerves, 

a.nd that the concepts founded on studies of lower centers could not be 

applied to cortex. Sherrington ( 1906) made much this same point when he 

stated that the spinal reflex showed a complexity of behavior which could 

not be accbunted for on the basis of knowledge of the action of the nerve 

trunks alone. 

Li and Jasper (1953), simultaneously recording single unit arid EEG 

activity, found that they could still record EEG when no single units were 

firing. Some 13 years prior to this, Renshaw, Forbes and Morison (1940) 

recorded single unit potentials and SWs and concluded that there was no 

interdependen cy of spikes and SWs . 

However, in a series of two experiments, Creutzfeldt, Watnabe and L,u·x 

(1966 a, b) have asserted that EEG -phenomena (including evoked r e sponses) 

and cellular responses co uld be related. They concluded that cortical 

evoked potentials w-ere compose d of several iotr,acortical events which 

included transients near the cell soma, slow dendri tic potentials, and 

fiber activity. This is in accord with findings by Eccles (1951), Purpura 

(1967), and Purpura e t al. (1959). 

Purpura (1967), in a study utilizing direct corti~al stimulation, 

stated that the changes produced by weak polarizing currents occur as- a 

consequence of alterations in post' synaptic potentials (PSPs) initiated 

in dendrites which are remote from the generation site of excj_tato_ry PSPs 

(EPSPs) associated with the soma . That is, the PSPs generate d in dendrites 

make the maj OJ:" contribution to epicortical EPs, and that the dendrites, at 
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least in cortical pyramidal neuronsJ do not give rise to conducted spikes. 

Purpura~ Girado and Gtunfest (1960) stated that in the cortex the effects 

of PSPs would be expected to predominate over those of spikes -or of graded 

responses. This indicates that the recorded at:tivi ty would then be pri­

marily the result of PSPs initiated in dendrites. 

The research which separated out axon spikes as a source of SWs also 

.came to indicate. a poor relation between spike -and wave (Fox, 1970). Al­

though the findings are that SWs are not dependeo t on spikes, there does 

appear to be a definite relation between SW,s and some single unit phenomena. 

Creutzfeldt et aL (1966) reported that after s tlmulation of the ven tro­

latera1 nucleus of the thalamus I the afferent volley, primary EPSP , and 

the early stages of the IPSP coincided wi t h the primary positivity (15-50 

msec) of the surface evoked potential, while the remainder of the IPSP 

coincided witl;i a surf ace negativity. Freeman ( 196 7) concluded the same; 

surface negativity is correlated with excitation of pyramidal cells, and 

p0sitivity with inhibition of these cells. 

Gerstein and Kiang (196.4) have reported that there is no congruenc.e 

between SWs and spike poten'tials in auditory cortex. However, other 

workers have reported good correlations between the probability of spike 

cU.scharge and the EEG (Fox and Nonnan, 1968; Krekule a:nd Walker , 1971) 

and the EP (FoJs and O'Brien, 1965; Ver zeano, Dill, Vallecalle _, Groves .and 

Thomas, 1968). 

Recording both single cell activity and EPs with the same electrode 

in response to somatic and photic stimulation reveals that the frequency 

distribution of the firing of any particular cell corresponds closely to 

the average evoked wavef,orm (Fox and O'Brien, 1965). The conclusion is, 

therefore> that whatever potentials contribute to the evoked potential, 
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they are related ort a probabilistic basis to the firing of single cells. 

A distinguishing feature of this study when. contrasted with the negative 

results of Gerstein and Kiang is the large number of single unit responses 

obtained. Fo1< and O'Brien correlated the spike firings to 3,150 presentations 

of the stimulus with the average of 150 gross evoked sweeps, and the 

spike fidngs to 4,918 stimulus presentations with 200 averaged evoked 

sweeps. Gerstein and Kiang, on the other hand, used small samples on the 

order of 250~300 stimulus presentations. 

Fox (1970) reports that: the correlation between spontaneous firing 

of single cells with EEG voltage is not a constant, but may vary as much 

as 28% from sarr.ple to sample. He fur ther reports that spike-wave c-ongruence 

in half the cells studied increased when photically driven an:d the cther 

half decreased. Mountcastle (1969) , cornmen ting on this, states that 

driving the cell population would t end to stabilize an othert.,rise shifting 

t ·elation be twee n spike and SW. 

It thus seems that while axon spikes in particular cells are not 

ne·ces.sary for SW generation, there is a definite connection betwe.en SWs 

and an underlying cell population, and that the largest {actor contributing 

to the £.P is dendritic activity. It has &1sD been shown that there is a 

relation be tween SWs and spike ac·tivi ty if a larg,e enough sample is used 

so as to offset the enormous variability in single unit behavior. 

Variahility: The Pro.blem of Neural Correlates 

In the s ·tudy of adaptive behavior one approach is to attempt t0 

correlate a bioelectric change with a change in behavior. To this end, 

researcl)ers have studied single cells (Ja$per, Ricci, and Doane, 1960; 

Bures a.nd Bures ova, 1965; 0 'Brien and Fox, 1969a, b), groups of single cells 

with microelectrode arrays (John, 1972; John and Norgades, 1969), and 
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SWs (Sh.ucard and Horn, 1972; Gardiner, 1969; Si:nith, Donchin, Cohen and 

Starr, 1969) in an effort to relate them to compl.ex behavior . 

The correlative approach asst.nnes the existance of stable connections 

between stima.lus input and behavioral output , or at least stable neural 

circuits which are capable of ca:r;rying only ce·rtain types of information. 

While there has been some success in correlating certain motor behaviors 

with neural signals (Rosenfeld and Fox, 1972), learning with single cell 

activity (Jasper et al.• 1960; O'Brien and Fox, l969a,b), and sensory input 

to single cell activity (Mountcastle, 1957 1 1967, 1975), thes·e approaches 

have not yielded invariant data . It is a truism that correlative research 

cannot demonstrate a causal effect, and this is a serious problei:n in the 

neural correlates paradigm. Uttal (1967) asks: 11 at what level of correla­

tion, if not perfect, should we accept an action of the brain to be identical 

with a state of behavior?" (p. 627). Without this on.e-to-one relationshil) 

of bioelectric event to behavior, anything we can try to say about b rain­

behavior relationships is very tentative (and possibly misleading). 

The nervous sys tern is complex and highly in teg:rated; as the number of 

units incre-ase so does the function al complexity (Grundfest, 1959). This 

complexity is compounded by the fact tha.t the CNS produces the highest 

integrated behaviors when functioning as a whole rather than in a non­

integrated fashion (Sherr.i:ngton, 1947) . Gi;-undfest further states that 

the interplay of different kinds of electrophysiological processes leads 

to complications in overa ll behavior. Thus, the behavioral or neural out­

put of brain processing could potentially involve every neuron in the brain. 

As one investigates more complex oehav:Lo:i::-s, both the behavior and any 

concommitant electrical activity should become correspondingly more complex. 

The complexity of the nervous system at basic levels is well illustrated 
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in a study by Gerstein and Kiang (1964-). They report, in studies of units 

in the cat's auditory cortex, that although a particular unit may respond 

with a statistically reliable pattern to a particular stimulus, there is 

variability in response to single stimulus presentations. Burns an,d Smith 

(1962) note that all cortical units monitored were in constant activity, 

and that the firing pattern of these units could change as a result of 

the presentation of any stimulus. Fox (1970) states th.at a sma:11 percent­

age of primary cortical cells are responsive to stimuli in the relevant 

modality, but may respond t,o stimuli in other modalities. 0' Brien and Fox 

( 1969a, b) report that appr.oximately 80% of the cells which they studied 

in the .motor cortex responded to stimuli presentations in other sensory 

modalities. 

John and Morgades (1969), in training cats to press one bar to a 2 

Hz light flicker, and another bar to an 8 Bz ligb t flicker, noticed that 

the electrical response in: the lateral geniculate body differed for e·ach 

learned response. They state, howeve~, that single unit activity displays 

many different response patterns to the same stimuli. This was in contrast 

t,o the r esponses of multiple uni ts which display invarien t types of 

discharge to the same stimulus. Thu.s they concluded that the nneural 

ensembles" are a more reliable source on which to base the differential 

behavioral response than are the firing patterns of single cells. 

The variability in response of the CNS during complex behaviors was 

fi-rs t demonstrated in ablation and learning experiments by Karl Lashley. 

Lashley' s Laws of Mass Action and Equipotentiali ty state that the loss in 

a learned ,function is not the result of the location of brain tissue within 

a functional area removed, but its volume. This has been demonstrated 

in much more recent studies of the effects of lesions. Galambos, Norton 
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and Fronnner (1967) m:ade multiple lesions in the vis.ual system designed 

to interrupt the retinotopic projection representation in visual cortex, 

and obtained little disruption of patte-rn visi,on. They concluded that 

they W'ere unable to reconcile their findings witl:i otherEl (Hubel, .1963; 

Hubel and Wiesel, 1963, 1965) which suggest that very orderly connections 

are necessary for pattern vision.. Further, research by Doty (1958) indicat'es 

that after extensiye lesions in visual cortex were performed, little 

disturbance in pattern vision was noticed. 

Since resp0nses of single· cells are so var:iable, and since single 

cells provide only a smali sam.pie of the populatioµs t~at ~re functio~al 

under behavioral con.ditions (0 'Brien and Fox, 1969a, b; John, 1972; John 

and Morgades, i969), some workers attempted to relate SWs to behavior, 

Since SWs appea,red to reflect the synaptic activity from the underlying 

neural -population, it seemed reasonable ·that they could. be correlated with 

behavior. However, SW correlation with hehavior has not yielded the data 

neces$ary for firm statements of brain-behavior relationships either. 

For example, bippoca:mpal t_hetp has been r-elated tq orienting (Gre~n c1-nd 

Arduini, 1954; Leaton, 1965); learning and memory processes (Elaz.ar and 

Adey, 1967); movement (Dalton and Black, 196S; Vanderwal,£, 1969); a:nd 

tenic immobil:ity (Harper, 1971). Habituation, on the other hand~ has 

been ;related to increased (Thompson and ·shaw, 1965 _; Sharpless and Jasper, 

1956), and unchanged (Worden a:nd ~rsh, 1963) EP 9mplitude, Inter.estingly, 

attention has been relat.ed to increas·ed (Jane, Smirnov and Jasper, 1962; 

R.orn~ i96.0) and decreased (Shaw and Thompson, 1964) EP ampiit·ude. 

Once again, these studies indicate the "problem" of variability. 

To further overcome this problem, gross da,ta reduction. techniques such 

as signal aver;3..ging have been used.. However, t .his type of data reduction 
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underestimates the possible significanc.e of variability. Signal averaging 

is misleading (Walker and Long, 1976) and may be destroying a large part 

of tke information the CNS utilizes. 

By way of illustration, Walker and Long provide data on 140 visual 

EPs from alert hooded rats. If these 140 sweeps are av,eraged it is 

apparent that the late positive component occurs at about 240 msec post 

stimulus time (PS'I'). However, a PST hj.stogram shows that the latencies 

of the components were essentially randomly distributed between 200 and 

260 msec.. If two separate averages are formed, one average of those 

sweeps with a late component latency less than 240 msec, and anoth.er 

avl:!r age with a component latency of greater than 240 msec , some interestin,g 

data emerge' . These separa-te averages show gross changes throughout the 

post-st;imulus period . Besides genera l ly shorter la ten des for all 

components in the "before 240 msec') averages, a new positive aomponen t 

emerges for the "after 240 msec" averages. Thus, a single average of 

all 140 EPs necessarily obscures data and misrepresents some neural process . 

Further, Walker (1974) reports that digital positive fast potentials 

(PFPs) in the rat visu·al cortex are not well represented by signal 

averaging, By the averaging criterion, then, tl;ies·e p-otentia1s are not of 

importance. Yet, at least some of these potentials are of adaptive 

significance since they cari be conditioned to a s•table occurrence to gain 

reinforcement. Thus, it seems ss though such techniques may not only 

suppress data, but that they can b.e rnisLea:ping and misrepresentative, of 

CNS function. 

Variability in responses of the CNS is not the only problem with the 

neut al correlates design; there is also the problem. of tne.asuremen t. We 

cannot sp.ecify which neural parameter to measvre because the neural 
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concommitants of a behavior cannot be specified. Alsd, we are not ca·pable 

of specifying the relevant aspects of behavior being used as a cor:r;elate 

for n~ural events (Fox 1 1970). A further problem is that our measurements 

of behavior are not on a time base fast enough to correlate them with a 

neural event. 

One last prabl·em of neuro-behaviora1 designs in the adapting organism 

i.s that the stimul,us which evokes the neural signal changes in its signifi­

cance over time (Fox, 1970). Research on habituation of EPs indicates 

that if a stimulus is presented rep:eatedly with no behavioral consequence 

for the animal the EP will diminish in amplitude (Morrell, 1961; Galambos 

er al., 1956). 

The inability of correlative designs to deal with the variability 

of the CNS, the problem of what and where to measure, and the changing 

signific-ance of brain events, seriously limits the use qf correlative 

designs for the study of neural events. However, this leaves us in a 

precarious position. Still desiring to work with ad~ptive behavior, yet 

unable to gain useful information from correlative designs, we are forced 

-to find a procedure which still gives a possibility for under_s tanding 

brain and brain events in an adaptive situation while avoiding the problems 

of correlative research. 

Operant Control of Neural Events 

The operant cont;rol of neural events (OCNE; Fox and Rudell, 1968) is 

a procedure which eseapes th~ limitations of the correlative paradigm, yet 

still pexmits the study of adaptive behavior. The OCNE approach provides 

for a st_udy of bioelectric. response parameters that encode learned behavior 

(Fox, 1970). The study and quantification of these response p.arameters 
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are necessary before any laws of adaptive neural function can be specified. 

It is not possible to correlate activity in the brain with behavior with­

out these neural laws . The OCNE approae::h can provide data o.n r:at .e of 

aequisition, the conditionability of wave components, and the return of 

the component to baseline after cessation of the reinfore::ernent contingency. 

This information can help le.ad to the fonnulation of laws of adaptive 

function. 

One stable source!. o f information in bioelectric events· is not in the 

behavior but in the neural signal its elf. The signal can be unders toad 

in terms of amplitude, frequency, latency, and in sowe cases , occurrence 

and non-occurrence. These parameters c:an be manipulated and quantified. 

An underlying assumption in the OCNE paradigm is not that tbe SW is 

being conditioned, but that conditioni.1.g illus·trates the -relationship 

between the SW and a certain st-ate of the SW generators. The conditioned 

state then can be shown to be reliable enough to allow specification of 

the most adaptive state of the generators in terms of a particular SW 

parameter (Walker, 1974). 

In the OCNE paradigm, the bio.electric signal (EEG or EP) is no 

longer the dependent variable as in the neural correlates paradigm; it 

becomes both a dependent and an independen t variable. The animal is 

placed in a situation in which it is allowed a free range of behavior. 

A reward which has previously' been demonstrated as important to the animal 

is given if the animal brings about a specified change in the pat tern of 

the bioelectric signal. Thus, it is th~ brain wave which is manipulated 

and the object of study. Using this proc.edure puts one in a p,osition to 

study brain "independentlyn of molar behavior; independently in the sense 

that the behavior becomes almost :Lr1:elevan t to the r einforcement, 
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Neural Conditioning: General 

Much research has been conducted in the conditioning of bioelectrie 

phenomena; these include rate of hypothalami·c unit discharge (Olds, 1965); 

rate of single unit disd1arge in motor cortex (Fetz. 1969; Fetz and 

Finocchio, 1971); and hippoc.ampal rhythmi.c slow activity (RSA; Black, 19 71b; 

Black et al. , 1970). Other conditioning research has involved high an,d 

low voltage EEG (Cannona, 196 7) and alpha waves (Peper and Mulholland, 

1970; Nowles and Kamiya, 19 70) . In addition, there is, a large volume of 

literature on the operant conditioning of epicortical EPs (Fetz, 1969; 

Fox and Rudell, 1968; Rosenfeld and Fo:x, l970,1971; lfosenfeld and Owen, 

1972 ; Rudell, 1970; R.udell and Fox, 1970; Walker, 1974; Walker and Shaver, 

1972a,b). 

The first question which may arise about the OCNE paradigm, or 

neural conditioning in general, i _s if the change in the bioelectric 

response is the result of trivial mediation. That is, i f the change 

results from such things as a sp.eci.fic posture or orientation to the 

stimulus, then conditi.oning 9f neural events has not so much conditioned 

the event as it has conditioned the feedback from skeletal muscle . 

Rudell (1970) noticed that while being conditioned to increase 

amplitude of a component of the photic EP, rats assumed a posture whi c'h 

oriented them towards the light source. Thi:s may, of cour-se, mean that 

the neural change was brought about by a skeletal response or by retinal 

absorption 0.f light. R,ude ll noticed that the task to increas e amplitude 

was not affected by admi.nistration of atropine, varying the light intensity , 

or utilization of various postures. The rats' assumed postures ., he 

concluded, were all examples of supers.titious behavior. 

Rudell and Fox (1972.) had also ruled out time locking to the stimulus 



15 

as the reason fc;>r neural conditioning by choosing a 20 msec PST component 

to condition. The latency of this component is less than the r .eact:ion 

time of the animal; therefore time locking had to be ruled o·ut; 

Rat Evoked Potentials 

The rat has a rather reliable evoked potential with little variability 

of most components. The compo.nents which occur reliably are named Type I 

potentials (Walker, 1974) . Walker has provided much normative data on rat 

evoked potentials; the potentials, their variability , and names are all 

after Walker. 

The first response to photic stimulation is a relatively fast po.sitive 

potential (Pl) occurring at appro.ximately 25 msec post stimulus time (PST) . 

While this potential is not always seen in all rats, when it occurs its 

latency varies little as evident in sweep averages. Following Pl is a 

negative pot,ential (Nl) which peaks at about 25-35 msec PST. This is 

usually the most negative potential in the EP. The next component is a 

positive potential (P2) occurring reliably at 50-60msec PST. P2 is 

usually the most positive peak in the EP; the standard deviation of th:ls 

component is about 2 ms.ec. Following P2 is a long slow ne·gative sweep 

(NS) which is easily seen in averag~s . The duration of NS is ended by a 

late positive (PL) componen t occurring in the range of 175-228 msec. While 

there is considerable latency variation in PL, it is reliably present. 

Since the latencies of the initial components display little variability 

the duration of NS will b e affected by the latency of PL. 

Superimposed on NS is variable .activity termed Type II activity. 

These def1-ections are termed positive fast ·potentials (PF'Ps). They are 

characterized by variations in amplitude (l-2µV to lOOµV), frequency 
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(30-80 Hz), and whether or not they occur (Walker and Long, 1974). 

These potentials display such variability that unlike Pl, Nl , and P2 they 

cannot be adequately described by s ignal averaging. Walker arid Long 

hypothesize from the digital nature and ind~lpendent occurrenc:e of t hese 

PFPs that the temporal pattern is of possible informational signif ica:nce. 

S;i..gnificance o,f the Late Compooen t 

It is generally accepted that the primary components of the EP (Pl, 

NI, P2) occurring in the range of 10 - 50 msec PST, are r e lated to 

stimulus input (Creutzfeldt, Rosina, Ito, and Probst, 1969; Purpura et al., 

1960). Fehrmi, Adkins, and Lindsley (1969) have demons i:rated that the 

initial components (about 12 msec PST). of the monkey EP convey all tbe 

necessary sensory information to allow the animal to perform correctly 

in a visual discrimination task. Cteut zfeldt et al. (1969) fou.nd that 

the initial component of t~e first positive wave (15 - 50 msec) of the 

EP correlated with the discharge of the on-center afferent fibers in the 

striate cortex of the awake, pa:i;-aly·zed cat . 

The later components in the evoked potential are seen to be the 

most susceptible to changes induced by conditioning (Horrell, 1961). John 

(1969) argues that the late component is " endogenous", that is , released 

by the organism as a function of its state, and is triggered by the stimulus . 

Sutton, Tueting, Zubin and John (1967) set up an experiment in which four 

types of auditory stimuli were used: (1) a single, soft stimulus; (2) 

a single, loud stimulus; (3) a double, soft stimulus; and (4) a double, 

lo'-1d stimulus. The subject was instruc:ted to predict either l oud versus 

soft or single versus double. In the single versus doulJle situation a 

late posit:ive component appeared at about 225-300 msec PST. This component 
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appeared whether or not the s.econd stimulus oc::curred. John (1969) 

stated that variables such as subject uncertainty about the appea:rance 

of a stimulus, what will appear, and the time interval between stimuli 

all exert influence on the later c0mponen ts of the human EP. 

That the occurrence of late c-omponents may be related to attentional 

factors in a:nimals is reported by Kimura ( 1962) an.d Pickenhain and Klingberg 

(1965). Kimura asserts that late positive discharges. in the. rat EP, which 

he termed multiple responses, occur only after the animal is accustomed 

to the experimental situation, and t hat their occurrence is correlated 

with a low level of activity in the brain stem activating, system. These 

responses recur at 160 - 240 msec intervals after the initial evoked 

response at 30 msec . These responses occur in the region of those 

potentials which in this. study are termed PL and all later positive components . 

Pickenhain and Klingberg report that these same dis charges, wl;tich 

they termed after-discharges (AD) do not appear during orienting and 

searching ben.avior in the rat, and that they increased du;ri,ng the time 

the animal was falling asleep but not in sleep. Further, AD disappeared 

totally after an application of shock, but tend·ed to reappear if the 

animal learned an escape task following presentat;i.on of shoc:k. They 

further report that they believe a connection e}..'i.s ts between AD and an 

inhi.bi tory sys tem whose "neurophysiologic;al mechanism is unknown. 11 

It appears, fro·m the research cited above, that the later components 

of the EP are more susceptible to changes in arousal or attention and 

ar.e more a reflection of the organ ism's state than are earlier compon_ents . 

Since this is the case it would seem that the late components are most 

likely to be significant in tenns of adaptive beba\ii0r and c:onditioning 

should focus on the later components rathe r than the earlier componcmts 
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which seem to be reflections of the classical visual pathways. 

Most conditioning studies, whether correlative (Haider, Spong and 

Lindsley, 1964; Davis, 1964; H.ernandez-Peon~ Scherrer and Jov~t, 1956; 

Galambos, Sheatz, and Vernier, 1956; John and Killam, 1959) or using the 

OCNE approach (Fox and Rudell_. 1968, 19 70; Ro.s.enfeld, 19 75; Rosenfeld and 

Owen, 1972; Rudell, 1970) ha'Ve taken as the point of focus the amplitude 

of the potential. Perhaps this is because amplitude reflects. the coherence 

of currents which a-re responsible for the genes.is of the SW. This, 

conclusion results from the model of the genesis of SWs which are thought 

to be a summation o.i; voltage drops in the extracellular resistance 

(Purpura, 196 7; Landau, 196 7) . Pres·umably then, one may think that it 

is easiest to relate the arnpli tude to either behavior or the generators 

of the SWs. On the other hand, little research has beeli done on latency. 

Vaughan, C0sta, arid Gilden (1966) -reported good relations between latency 

and stimulus intensity. Shucard and HO'm (1971) have reported that latency 

variat:i,ons may give information about the state of the nervous system 

when the stimulus is delivered. However, the prevailing view seems to 

be one .. of skeptj.cism that latency can be of fu_n~tional significance-. 

Mountcastle (1969) asserted that latertcy is not likely to be a: measure 

of intensity because no time reference for the subject is available. 

This position is also held by Burns and Pritchard (1964). Thus, it seems 

that if latency cannot even qualify as a measure of stimulus intensity 

it is very unlikely to qualify as a measure of any more complex behavior. 

The functional significance of a comp,onent can be assessed by 

whether or not it can be Conditioned (Fox., i970; Fox and Rudell, 1968). 

If a colilponent can be manipulated by the animal for adaptive purposes 

(e.g. gaining food reinforceme_nt when hungry) th.en this component must 

be meaningful to the animal. This is not to say that the change is 
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related to a particular behavior, but only that this component can be 

manipulated by the animal to gain something from the environment . 

Assuming that the ability to condition a componen·t demons tr ates its 

functional significance, then several other questions logically follow. 

First, are the changes in one component independent of changes in other 

compone_nts? That is) can the occurrence, amplitude, and late_ncy of 

other components be shown not to covary with changes in the conditioned 

component? Fox and Rudell (1970) argue that components o:f the EP are 

capable of independent encoding of behavior. But is it the \Jhole 

component or simply one aspect of the component? Are the changes in 

various parameters of the conditioned cornponen t independent of one another? 

With these que stions in mind th.is study seeks to demonstrate s .everal 

things. First, using the OCNE par~digm ,. an attempt will be made tQ 

operantly condition the latency of a late positive paten tial in rats . 

If this attempt is successful, then functional sign,;i.ficance of this 

compunent shall have been demonstrated. Thus, the first part of the study 

will be a replication of previous e~perim.e:nts, except that here latency 

will be conditi,oned ins tead of occurrence or amplitude. Latency was 

chosen for one specific re:ason. Lateney does not_ seem to be an important 

factor as far as functional significance is concerned . However, if the 

latency of this component can be conditioned then its function.al significance 

will have been demonstrated . This leads to the second part of the study . 

A change in the latency ere at.es opportunities to COIJJp·are cha.nges in the 

\,;'hole EP and aspects of several selected components wi th preconditioning 

waves. It is expecte.d that changes in the late component will be indepen'­

dent of the other EP components studied . But what of the other aspects 

of PL? If the latency and amplitude are found to covary the n it might 

be concluded that the component. operates as a unit in et1coding a behavior 



20 

or set of behaviors . However, if latency is found to change independently 

of other parameters of PL then it must be assumed that latency, by itself, 

is of functional or adaptive significance. That is, if changes in latency 

are what the crite-rion for reinfotcement is , and these changes occur indepen­

dently of OtQer parameters of the component, then latency must be the 

factor of adaptive significance . It is the only important factor in the 

study . 
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Method 

Subjects . Subjects were two adult male hooded rats weighing 289 

grams and 295 grams before food deprivation. Both chror;iically iroplaot·ed 

animals were r educed 85% body weight by fo,od deprivati.on before baseline 

recording started. 

Surgical Procedure . Both animals were Ehro.nically implanted bilat,erally 

with tw-ist.ed pair bipolar ele·ct:rodes mad.e of teflon cbated 0.007 gauge 

stainless steel wire. The deepest tip extended 1.5 mm p-ast the other; 

recording was done over the cross-sectional are,a. The animals were 

implanted over Area 17 of visual co:i;-tex (Bregma - 7.0 mm, lateral - 3.0 mm; 

Skinner, 1970). The sh01;:ter electrode of each pair rested on dura whi l e 

the other was i mplanted 1 1/2 mm below the cortical ,surfaee . 

The proximal ends of the electrode pair w.ere joined by dental cement 

(Hyg~nic Co . ) and inserted in to a f our connector nylon plug (Plastic. Products 

Co . ) which was then fastened to the animal ' s head with dental cement. 

Stainless steel screws (0.080 gu.age) were used to butress tbe dental 

acrylic plug. Sine~ there was one elec trade pair from each h emisphere , 

the possibility existed of b~ing able to record potentials :i,n each hemi­

sphere and between hemispheres . In practice, however, recording was done 

only from the right hemisphe re. 

Equipment aod recording . Training and recording sessions were 

carried out in a Skim1er box in electrical shielding p·rovided by a 

modifie d refrigerator shell. The h1side of the shell wa.s painted white 

and dimly lit by c;1 small de bulb . A hole had been cut in the top of the 

shell for inser tion of the strobe head of a Grass PS22 photos timulator, 

which was se t at 16, the highest set.ting. Anothe r hole was cut in the 

front of the shell f<>r observation. Both holes were covered with copper 
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screen. A small circulating fan , which ran throughout the experiment, was 

fixed to one side of the shell. 

The Skinne,; box was made of clear plexiglas and measured 2 8 cm long x 

24 cm wide x 33 cm high with an alleyway inside 8 cm wid·e and 12 o.m long. 

Two sets of photocells were fixed just in front of the food cup at the end 

of the alleyway. These photocells had to be. broken before food reinforce­

ment would be delivered. One end of a connecting e.able was screwed to the 

nylon plug on the animal 's head and the other end was secured to a wood 

block resting on top of the Ski~er box. From this end another cable led 

to input/output connectors fixed in the side of the refrigerator. Cable 

from the output .connectors led to two Tektronix 26A2 differential amplifiers 

with filters set at 10 and 100 Hz , and the gain. set at ZK. A "T" connector 

simultaneously passed the signal to a Tektronix 502A Dual Beam oscilloscope, 

and to a PDP8e (Digital Equipment C~orp . ) digital computer for on.-l;i.ne 

reinforcement and data collection. 

All experimental procedure was under on-line control of the PDP8e . 

Standard inputs to the computer included a teletype, A to D converter, and 

a paper tape reader. Signals from the animal were fed, via -a patch panel , 

into the computer, and the number of waves collected and reinforcements 

delivered were counted on t wo digital counters . Each wav(;. collected ·was 

digitized in 256 pain ts with a t~me duration of 512 msecs . The collected 

waves were stored on an Iodisk d.isk pack with each wave toking up one 

storage block. A t-0tal of 3,146 blocks were available for data storage 

on each disk. 

To determine the latency of- PL in an on-line computer controlled 

operant conditioning situation, a program was developed which would sea rch 

for PL in a specif:i,ed latency zone (window). A component occurring in 
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this time zone was then tested against a stencil which could recognize 

PL X msec after its real-time occurrence. This sten-cil obtained the 

amplitude differences between a reference point (c) and point~ earlier 

and later in time (c - x msec and c + y msec; where y may equal~). The 

twe. amplitude values obtained by subtracting the amplitude (m) !=lt c (M ) 
C 

from the amplitude at c - x (Mc-x) and c + x (Mc+x) were obtained. These 

values could be referred to amplitude values in core memory and if pre­

specified criteria (C) for Mc+x and Mc-x were exceeded PL was then tested 

against a latency crite.rion. If PL exceeded the amplitude criteria and 

satisfied the latency criterion, one of 1023 (decimal) digi cal output 

patterns could occur to deliver reinforcement or identify waves for la:ter 

reference in disk memory, Th.e delay and duration of reinforcement were 

variable within the constraints of the Inter-Trial Inter..ral which, along 

with all other parameters, wa:s a keyboard variable e1;1tered for each animal. 

The program specifying all parameters for each animal's conditioning task 

v1as written separately (Ratstn, Westerberg, 1,976) and stored as s-ubroutines 

in a larger program (Debbie, Sh:aver, 1975) which c.ontrolled th.e broad 

cons traicrts of presenting s tirnuli and through putting coded data to disk 

for later retrieval by purely off-line programs. These programs C'ould 

recognize a disk-stored digitized representation of the analog brain signal 

by ei tber its class membership , coded by one of the 1023 different pos,sib1e 

combinations of 10 ID bi ts, or by the number of its order in the daily 

presentation of stimuli. Advanced off-line programs could compute x-y 

and y-t histograms or DCPs (Distribution of Criterion Potentials, 'Walker 

and Shaver, 1974) whose variety was limi.ted only by the imagination of 

the experimenter. These histograms could be subjected to mathematical 

computations (+. -, -i-, x. differentiate, integrate) . . Any wave could b e 
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recalled for xy display on an oscilloscope or for phone line transmissJon 

to an IBM 360 computer which was used as an ihput deviee to a calcomp plotter. 

Procedure . Each animal was connected and placed in the Skinner box, 

which allowed as free a range of behavior as permitted by the space. 

When the an;i.mal approached the foo'dcup , it broke the first set of photocells 

which, via the c,omputer, trigge red a flash of the photostimulator . The 

resultant EP was fed through the amplifiers and into _the computer and 

tested against the reinforcement parameters in Ratstn . If the component 

was a criterion response as determined by the window, stencil, and 

latency criterion, a tone sounded and a pell-et of food was delivered. 

Each animal was run in the foll owing series: 

( 1) Base lihe co"Q.di tion Each animal was given five to six days of 

baseline training and allowed tQ learn bow to trip t he phorocells for 

food. During this time no reward cont ingency was in effect, so the 

reward. was delivered each time the photoce lls were tripped, After the 

stimulus was delivered, a tone sounded, and a pellet of food rolled i nto 

the foodeup . If the animal responded maximally it could obtain one 

reinforcement every 10 seconds. The 10 s~c:ond delay was ins tituted to 

avoid in terfe1:ence by chewing artifact. For Animal 2 the task was 

learned qui t.e easily. By the second day it was pressing tbe bar fairly 

regularly for food. Animal 1 had to be placed in the Skinner box f .or two 

days before it responded over 10 times. The third day ,was the first day 

of actual data collection for this an imal. 

The data from the baseline recordings w.ere then visually scanned and 

processed by off~lioe computer programs to yield a latency cri tetiou point 

for the conditioning part of the study. Obtaining the parame ters for 

det ermining what was t .o be a criterion response for PL wer::e based on two 
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factors. First, PL had to exceed a certain amplitude . A stencil was 

utilized which specified minimal Mc+x an-d Mc- x parameters such that PL 

was just large enough so it could be distinguished from other activity on 

the EP. A test of this stencil revealed that it r-eliably picked up 

components P2, PL and PJ when they i;.1ere visually distinguishable fro.m. 

lower amplitude activity on the E.P. Second, if PL was present, as speci­

fied by the stencil, it bad to occur a low percentage of the time at a 

particular latency . This latency was detennined by constructing y - t 

histograms which were then integrated to find a latency which occurred 

20% to 25% of the time. Both ampJ.i tude and latency criteria differed 

slightly for each animal because of differences in the amplitude and 

latency of PL in Baseline. 

(2) Condi tionil'.lg of PL - Conditioning was divided into two parts, 

Phase 1 and Phase 2. The latency criteria determined in Baseline l!lnder­

went constant revision throughout the course of the experiment. 1 t had 

become obvious by the early days of conditioning that the latency parameters 

obtained during Baseline were no longer useful. Instead of starting at 

the latency criteria determined in Baseline the animals were shaped into 

decreasing the latent.y of PL over a period of days by narrowing the 

criterion by two msec per day, If the animal generated PL at that latency 

about 60% of the time it was decreased anothet: two msec t.he next day . 

The amplitude criterion was kept at the same level which had been determined 

in Baseline. Conditioning proceeded in this fashion until enough days 

of conditioning had been run for the effect to have been demonstrated. 

Phase 1 - Each animal was trained to decrease the latency of PL. 

After the parameters had been selected the animal was allowed to use 

whatever means possible to decrease the latertcy of PL to criterion, except 

for obvious behavioral manipulations (e.g. generatin-g cable artifact by 
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shaking the head). Both animals were run for 300 trials per day in this 

phase until conditioning had been demonstrated. After 12 days for animal 

1 and 15 days for animal 2, .100 trials with no reinforcement were run. 

This was used to signal t'he animal that a change in procedure had begun. 

Phase 2 - This phase was used ai;, a control phase. In this phase the 

animal was required to increase the latency of PL as far as poss ible back 

toward baseline, All parameters, except the latency criterion, were the 

same as in Phase 1. Phase 2 was run for 300 trials per day until the 

animals reached asymptote , which was 1 2 days for animal l and 11 days for 

animal 2. 

Post-experimental analvsis . Usin g the s.ame off- line analysis progr'ams 

described earlier, several me thods of analyzing the results were used. 

First, using a special off-line program, averages wete cons·tructed for 

all trials for each animal each day. Second, daiJy latency and amplitude 

histograms £·or all trials for three components, P2, PL, and P3, for each 

animal were construc ted. The so-constructed his to grams w.ere then in tegrat.ed 

and visually s canned to find th.e median latency of each distribution. 

These nredian values were used as the data in all subsequent s ta tis ti cal 

analysis. Latency values in A to D units which were calculated from the 

iritegrated y - t his to grams, were converted into mse.c PST. Amplitude 

his to grams were constructed by subtracting the low point of the component 

found by a sten.cil from the previous high point. Thus amplitude was r eally 

a difference score. A.mplitu.de V-a,lues were n o t converted fro111 A to D units 

to uV because th e precis-ion o.f A to D un.i ts woul:d h ave been a ltered. All 

media n values we re then graphed to show the trend ovei: days of conditioning. 

The percent of criterion responses in Baseline, Phasel, a nd Phase 2 

were also graphF>d. Daily latency histograms for P2., PL, and P3, daily 
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averages of all w,aves , and selected single 9weel}s were t.hen transferred 

to magnetic t.ape for plottin,g. 
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Results 

The data analyzed in this study consist of bipolar records of EPs 

to visual stimuli recorded from the visual cortex (Area 17) of t h e hooded 

rat. Several representative EPs .are shown for animal l in Figure l and 

animal 2 in Figure 2. The records in these two figures, illus tr-ate the 

sequential changes in potential referred to as Pl, Nl, P2, NS , PL, and 

P3. 'The component of interest with regard tb conditioning was, the variable 

PL component. The top three traces of Figures l and 2 illustrate the wi,de 

1;ange of latencies and amplitudes demonstrated by this component, and also 

illustrate the relative stability of the latencies of the earlier Pl, Nl, 

and P2 components . A visual inspection of Figures 1 and 2 also illustrate 

that although the latency 0f P3 is more variable than Pl, Nl, or P2, it 

is no.t s tnmgly correlated with the latency of PL, although there are 

occassions when a particula:1-ly late PL (Figure 1, Lrace 3 and Figure 2, 

trace 3) j,s .associated with a later P3. 

For the purpose of identify:ing PL in an ope_rant conditioning paradigm, 

a computer s t~ncil -was developed to specify PL . These s t.encils are illus­

trated by the inserts in Figures 1 and 2 and the digital pulse output signi­

fying a fit to the stencil for tbe third EP is S:hown i n trace 4. These 

stencils were applied to each EP on-line a.nd in real t;i.me to determine if 

PL had occurred and if it had occurred at a latency within the t;ime zone 

considered appropriate for each animal in each phase of the experiment. 

The fifth and sixth trace in Figures 1 and 2 ;i.llus trate EPs in which PL; 

as defined by the s ·t ,endl, failed to o,cour. /t,J.1 inspection of these EPs 

in which PL did not occur reveals tllat there are no remarkable change s in 

the earlier Pl, Nl, or P2 compon ents . rrace 6 also illustrates that .an 

absent PL component can be associated with th.e pres·ence of P3 cofilponents . 
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Trace 7 in both Figures 1 and 2 shown 300 averaged EPs. What is c,lear 

from these averages is that each component is shown occurring at one partic­

ular latency w:ith a fixed amplitude, y.et the single sweeps show that there 

can be obvious differences in the latency, occurrence , and amplitude of 

components, especially PL and P J. These differences m:ay be understood 

more clearly by investigating the nature of the averaging process. Th:e 

averaging process takes each single wave and separates it into 256 2-msec 

bins. For each bin the values of all 300 waves are averaged and thus become 

a point on the averaged wa·ve at that particular latency . Thus, the latency 

of any component on the averaged wave describes the l atency which occurs 

most often at that latency and omits other more variable latencies. 

Similarly, the amplitude of a compo.nen t in the averaged wave is dependent 

on tw0 things : (1). the amplitude· of that component in each single sweep 

,and, (2) the variability of each component in each single s weep. If a 

particular component occurs at quite variable latencies then each different 

latency will be summated in d_j_fferen i: bins which will decrease the 

amplitude and increase the frequency (duration) of that component. Thus, 

the more latency variability of a component the smaller t _he amp 1.i tucie and 

the greater the frequency. What is seen then, in an averaged EP, is the 

non-variable activity; the variance is averaged ou.t. 

The principle data of interest in this s ·tudy concerns the degree t o 

which contingent reinforcement cont.rolled the latency of PL. Closely related 

to the conditioning of PL latency is an investigation of the mechanisms 

involved in the production of components. of a particular _latency. Data 

relevant to this question is dis·cussed after Baseline and conditioning 

data under the heading "Behavioral observations and behavior of P2, PL 

and P3 compol'.len ts." 
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Behavior of PL Under Baseline and Contingent Rein forc·emen t. Conditions 

Figures 3 and 4 show daily averages of all EPs recorded each day in 

Baseline, Phase 1 and Phase 2 for animal 1 and animal 2 respectively. Thes e 

averages are displayed in sequential orde.r so that trace 1 represents the 

first day of Baseline and trace 7 in Figure 3 represents the first day of 

Phase 1 and so on. An inspection of both figures shows that PL is distinctly 

represented in the averages in the z:one of 175 - 200 msec PST. The line 

at 100 ms·ec marks the point at which the stimulus was delivered . It can 

be seen in both figures chat the tip of PL in Phase 1 (Figure 3, t ra-ces 7 -

18; and Figure 4, traces 6 - 20) is at a siightly shorter latency than 

the tip of PL in Baselin.e ( Figure 3, traces i - 6; Figure 4, traces 1 - 5) . 

The tip of PL does not noticibly increas.e in latency dl!ring Phase 2 for 

anima_l 1 (Figur e 3, traces 19 - 30). However, for ani.Illal 2 th.e tip of 

PL definitely shows increased latency during Phase 2 ( Figure 4, traces 

21 - 31). 

The early components , P 1, Nl, a:nd P2, are also clearly seen in all 

aver-ages for both anim.al9 • PL occurs for both animals in a time zone of 

20 - 30 msec. PST. Of interest ·here is that Pl for animal 1 is actually 

a double comp onent whic.h continues from Bas.eline through Phase 2 . Fo-r­

animal 2, however, Pl is a double component in Baseline which gradua_lly 

b ecomes single in the time zone of 20 - 30 msec PST. N 1 appears clearly 

in both figures as a upward deflection with a peak latency occurring in 

a time zone of 50 - 60 msec PST. It 'can be seen that in Figure 3 for 

animal 1 Nl occurs at an extremely s i:able latency of 50 msec. PST, whereas 

fo:i; animal 2 (Figure 4) the peak of Nl is more variable with the variance 

increasing ove-r conditioning. P2 appears as a downward defle.c tion occur1:ing 

in a time zone of 80 to 90 msec PST for both animals . Following P2 is 
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a large upward deflection labeled NS . As can be seen from Figures 3 and 

4 the latency and duration of NS varies with the latency of PL. This is 

quite clear in Figure 4 comparing the first 5 traces (Baseline) to the 

next 15 traces {Phase 1) . Through Phase l NS becomes more dis tin ct l;l.nd 

peaks at an earlier latency tha:n in Baseline. The latE;st p•ositive component, 

P3, which follows Pl, is also quite clearly seen in Baseline for both animals. 

P3 is the largest downwa1;d deflecti.on occurring in a time zone of 300 to 

400 msec PST. It can be seen that the tip of P3, especially in animal 2, 

decreases in latency during Phase 1 and shows an increase in latency during 

Phase 2 for animal 2. 

The most reveal.in·g aspect of these averages is not in the latency 

o.f the tip of PL as much as in the fall time from NS to t_he tip of PL and 

the duration of PL. Figure 3 illustrates tbat PL for animal 1 has /;l. 

rather short fall time and .short duration as compared to aninial 2. These 

differences are especially noticible in Figure 4, traces 25 - 31, compared 

to Figure 3, traces 25 - 28 . It is apparent in Figure 4, especially in 

traces 15 ~ 21, that a new depress_ion occurs at approximately 130 t:o 150 

msec PST. This depression indicates that enough single sweeps large enough 

to l;>e reinforced occurred in this earlier time zone. Thus animal 2 not 

only shifted the, tip of PL to sho_rter latencies , but generated a new 

dep.ression in PL to meet the reinforcement criterion . Conconunitant with 

the rise of this depression wa:s a lessening of the number of waves bearing 

PL in the Baseline latency time zone . This is furthe'r corroborated by the 

change in PL during Phase 2. During this phase the new notch :i.n PL 

dis appeare d an.d once again PL reverted to a single notch component . Animal 

1 did not demonstrate this change in PL over conditioning. This change 

in the fonn o f PL for an.imal 2 indicates that simply rein.forcing the tip 
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of a component does not resttict the animal to a 1'simple" latency shift: 

of that tip; various other, more exotic means may be chosen to gain rein­

f 01; ce_men t. 

The differences in the averages between the two animals is clarified by 

the histograms for animal l in Figure 5 and for animal 2 in Figure 6. 

Each histogram~ called a DCP, contains the distribution of PL for each day 

in Baseline, Phase 1, and Phase 2. Each DCP is shown in sequential order, 

as were the AEPs; thus, Figure 5, trace 6, for example, is a DCP of the 

same waves which were shown in the average in Figure 3, trace 6 . Figure 

5 shows that in Baseline ( traces 1 ~ 6) fot animal 1 the number of com­

ponents occurring in the z'D.ne of PL increased over days . During Phase 1 

conditioning (traces 7 - 18) the distributions became distinctly bimodal 

in form. w~th an increasing numbe r of PL components occurring earlier . In 

early Ph~se 2 the distribution still remained. bimodal, but the predominant 

mode shifted back to increased latency, until on t.he last day the dis tri­

but:i,on was almost unimodal in form . The main feature of the DCPs for animal 

1 is that the number of components in the predominant mode in Baseline 

decreased with .a tesultan t increase in the J1umber uf components in the 

earlier mode. That is, the modes reflected a change in the direction of 

conditioning. 

The OCPs for animal 2 are yet m0re interesting and again corroborate 

the results seen in the averages. It can be seen in Figure 6, traces 1 - 5, 

that the number of components generated in the criterion Begment increased 

over Baseline as in animal 1. The main difference between the Base.line 

perfomance of animal l and ,animal 2 is that the distribution of PL fol? 

animal 2 became bim0dal b~fore conditioning started. This suggests that 

animal 2 was already generating two latency clas-ses of PL potentials . 
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During Phase 1 conditioning more potentials began to appear earlier which 

i .ncreased the earlier mode of the distribution, as did animal 1. But by 

day 12 of Phase 1 ( trace 17), the distribution became tri-modal, indicating 

that t:he animal had begun to generate potentials in three separate 

latency classes· with the earliest class containing an increasing number 

of potentials as Phase 1 conditioning progr~ssed. Phase 2 histograms 

show a: lessening of the rtumber of potentials in the earliest latency mode 

w;i th a re tum to ess en ti ally a bimodal form on the last three days of Phas:e 

2 conditioning. Animal 2, then, also showed that the predominant mode 

changed in tne direction of conditioning althougb instead of only two 

classes of PL laten ci,es as seen with animal l, animal 2 developed three 

classes. 

In order to clarify the major changes in PL latency from Baseline 

through Phas.e 2 conditioning summated histograil1$ were constructed for 

each animal fot each c0ndi tion. These histograms are seen in Figure 7 

for animal 1 and Figure 8 r ot animal 2. A comparison of these f igures 

.across conditions illustrates tl:;ie emerging bimodality from Baseline through 

Phase 1 for animal 1 and the trimoda:li ty for animal 2. It can be seen 

quite clearly here that the histograms as a whole reflect the changes seet;i 

in the daily OCPs. For animal 1, trace 1 illustrates that during Baseline 

the dis.txibution of the medians of PL was unimodal. l'his distribution 

changed during Phase 1 (tr-ace 2) to a bimodal distribution with the new 

mode appearing in an earlier time zone which corresponded to t:he la t:ency 

decrease task in this phase. During Phase 2 for animal 1 , no change in 

the summated DCP was apparent when compared to Phase 1 except for a lessen­

ing of the number of potentials in the whole distribution. 

For animal 2 the summated DCPs in Figure 8 show that compared to 

Baseline (trace 1) the bimodality became more prominant in Phase 1 (trace 
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2) with an indication that a third mode might emerge with extended training 

in this phase. As with aniil)al 1, the new mode emerged in th.e direction 

that conditioning specified in th.at phase. For Phase 2 (trace 3) it can 

be seen that the mode whitb emerged in Phase 1 was still evident, but 

that more potentials appeared at an increased latency which was the task 

specifie.d in Phase 2. Thus, f or this animal, even more so than animal 

1, the summated DCPs reflected the direction of conditioning. 

The differen'Ces in the DCPs in Figures 7 and 8 are corroborated by 

the data in Table 1 for bo·th animals . Table 1 shows the first, second, 

and third quartile values for each 0f the three distributions in Figures 

7 and 8. For an)..mal 1, the table shows that there ar~ changes in t he 

distributions from Baseline to P~ase 1 which reflect the changes seen 

in trace 1 and trace 2 of Figure 7. The- quartil~ values also show a change 

in Phase 2 for anim.al 1, even though the change was not apparent frorn a 

visual inspection of Figure 7, and t .bat these changes were in th.e direction 

specified by conditioning. 

Of g reatest interest in Table 1 for animal 1 are the changes in the 

first quartile from Baseline to Phase 1 and in the third quartile from 

Phase l to Phase 2. The first quartile change was 14. 08, which corrobor·ates 

the OCPs in Figure 7. 1 t was seen from Figure 7 t:)1.at the peak of the mode 

which occurred in Baseline still remained in Phase 1 a t only a slightly 

decreased latency. However, a new mode a r ose earlier in time wbich would 

have been responsible for the major change seen in the first quartile. 

Interestingly, there was a 7. 48 msec change in the third quartile from 

Phase 1 to Phase 2 which was not . evident from the DCPs irt Figure 7. This 

indicates that the.re was a change in not only the whole distribution, but 

that aoi.mal 1 did genera te a later PL class in Phase 2. 



Table 1 

Qua r tile Values in Msecs for summated Histograms 

in Baseline , Phase 1 , and Phase 2 

Condition 

Baseline 

Phase 1 

Phase 2 

Quartile 

1st 

2nd 

3rd 

1st 

2nd 

3rd 

1st 

2nd 

3rd 

1 

172 .. 88 

180 . 42 

190.50 

158 . 80 

173 . 66 

1.80. 94 

163 . 38 

174 .92 

188 •. 42 

Animal 

2 

l,58. 64 

168.66 

1 78.44 

13 7 .16 

152..84 

171. 32 

138 . 66 

157.00 

180. 00 

43 
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Animal 2 illustrat.ed these same trends to a greater de.g-ree than did 

animal 1. From an inspectio.n of Table 1 it can be seen that the quartile 

values accurate_ly reflect the direction of conditioning. F.i;-om Baseline 

to Phase 1, animal 2 clearly generated a new latency class 0-f PL, which 

the first quartile change of 21. 48 msec confirms. For Phase 2, the number 

of potentials in the earlier mode decreased. with an increase of the number 

of potentials in a later mode, a fact confirmed by the change of 8.6.8 

msec in the third quartile of Phase 1 compared to Phase 2 . Thus, for 

animal 2 these quartile values show quite clearly that this animal d;i.d 

generate both an earlier latency class of PL in Phase 1 and a later PL 

latency class in Phase 2. 

Tables 2 and 3 list the means and s tandatd deviations of P2, PL, and 

P3 in Baseline , Phase 1 and Phase 2, for animal l and animal 2 respectively. 

Tbe me?ns were computed by taking_ the distribu t ion (DCP) median for each, 

day aIJd averaging across all days in ea.ch condition. Table 2 shows the 

Baseline mean latency of PL for animal l to be 180.78 msec (range= 

179.22 msec to 182.34 msec) with a low variabi1ity (S.p. = 1.21 msec). 

This low variability corroborates the graphic data seen in the first six 

traces of Figure 3. Figure 7 graphs the median of each distribution (DCP) 

over all conditions for animal 1 . Animal 1 showed a gradually decreasing 

latency over days 2, 3, 4, and 5 of Baseline with a small increase on day 

6. It was seen from the averages in Figure 4 that the variability of PL 

for animal 2 was greater than that of animal 1. The data to bear this 

out are listed in Table 3. The mean latency for animal 2 in Baseline was 

some 6 mse'c earli.er than in animal l with a concommitant increase in 

variability (S.D. - 2.95 msec ; range = 166.,00 msec to 174.60 msec.) as 

compared to apimal 1. The med;i.an of each PL distribution for each day 

in Baseline, Phase 1, arid Phase 2 for animal 2 is graphed in Ftgure 8 . 



Table 2 

Means and Standard Deviations of the Median Latency 

and Amplitude of P2, PL , and P 3 for Animal 1 

Condition 

Baseline 

Phase 1 

Phase 2 

Measure 

X Late_ncy 

S . D. Latency 

X Amplitude 

S . D. Amplitude 

X Latency 

S • D. Lat en cy 

X Amplitude 

S . D. Amplitude 

X Latency 

S . D. Latency 

X: Amp 1i tu de 

S.D . Amplitude 

P-2 

85.12 

1.18 

78 . 83 

2 . .59 

83 . 64 

0.77 

80.31 

3 • . 85 

83.24 

0. 83 

70 . 24 

3 . 25 

Componeut 

PL 

um. 78 

1.27 

85 . 08 

3.87 

174 . 32 

3. 8,3 

91. 71 

2 . 75 

176 . 32 

2.66 

100 . 91 

2 . 31 

P3 

335. 53 

3 . 52 

95 .22 

5 . 16 

333. 52 

2 . 32 

94 . 12 

2.-87 

319. 99 

5 . 83 

95 . 95 

2 . 48 
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Table 3 

Means and Standard Deviations of the Median Latency 

and Amplitude of P2, PL, and P3 for Animal 2 

Condition Measure 

Baseline X Latency 

S.D, Latency 

X Amplitude 

S .D. Amplitude 

Ph.ase l X Latency 

S.D. Latency 

X Amplituae 

S .D. Amplitude 

Phase 2 X Latency 

S.D . Latency 

X Amplitude 

S . D. Amplitude 

P2 

82.90 

0.59 

104.09 

·a. 25 

81.98 

0. 94 

117.12 

6.45 

81. 82 

1.17 

10 7 . 20 

5 . 2 l1 

Component 

PL 

171. 32 

2 . 95 

110 . 79 

2.93 

158. 58 

7.23 

109 .14 

2.01 

161. 98 

10.60 

115.09 

4.99 

P3 

345.36 

6.25 

99.69 

3.76 

.332. 82 

4. 94 

97.17 

4.70 

339.24 

5 .. 12 

101. 74 

3.52 

46 
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Animal 2 showed laten<:::y decreases on days 2 ap.d 4 ani:i latency ~ncreases 

on days 3 and 5. 

Phase 1 conditioning imposed rather marked effects on PL l.atenc.y in 

both animals. The latency of PL decreased in animal 1 12, 36 mse.c from 

the last day of Baseline to the last day of P\lase 1 cond:ltioning. This 

effect; was yet more striking in .animal 2 which showed a <:hange from 168. 76 

msec on the last day of Baselin.e t •o 143. 66 msec ·o~ the last day of Phase 

1 - a 25 msec difference over Phase 1 training! From Baseline records 

a latency decre.ase of as much as 3.12 msec for animal 1 and 6 . 6 msec f or 

arii.rrial 2 ~ould be expected, but in both· cases those changes were almos t 

four times as great, 

For animal 1,. as can he seen from Figure 9 , the longest latency in 

Phase 1 occur:i;-ed on day 4 with the shortest latency on day 12, the l ast 

day ·of training in this phase. As seen in ·figure lO, ani'mal 2 showed the 

longest la:tency occur:tin& on day 2 with. the _shortes t lat,ency occurring 

on day 15, also the last day of Phase 1 training . As is· evident from the 

f igures, the trend for both animals in Phase 1 showed a continual decline 

toward shatter latencies with no s ign of ?symptote in eithe r ani mal as 

of the last day of, Phase, l conditioning, indica.ti.r:ig that the latency or 

PL could have coo,tinued t,o decrease if Phase 1 had qe.en continued. 

Phase 2 (inc.rease ) conditioning exerted different effects on the 

two . . animals. Referring. again to Figu.re 9, animal l showed a large initial 

increase on d~y 1 follow~d by incre~es on day s 2 and 3, wi th a 1ev-e.ling 

on day ·4 and 5, .and th-en for the most part, a gradua-1 decline over the 

remainder of Phase 2. Comparing the first day of Phase 2 c onditioning 

with the last day of Phase l there was an increase of 6.02 msec . !be 

difference between the last day o f Pl\ase 1 and the last, day o f Ph.ase 2 

was 2 .20 msec increase. At no time did a v alue in Phase 2 for animal l 
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exceed either a value in Baseline or the mean of Baseline. Animal 2, 

however. showed a far more dramatic picture o f Phase 2 conditioning. The 

initial increase from the last day of Phase 1 to the first day of Phase 

2 was 4 . 54 msec. The latency increase from the last day 0£ Phase 1 to 

the first day of !'has~ 2 was from 143 .66 msec to 170,00 msec, or a change 

of 26.34 msec over Phase 2 training. This change is illustrated in Figure 

10. One of the most striking aspects of Phase 2 conditioning for animal 

2 was that aftet large fluctuations in the first three days, the latency 

increased to 177. 76 msec which e)!{ceeded b-y 3.16 msec the longest latency 

in Baseline. As seen in animal 1, however, the mean of Pl;lase 2 did not 

exceed the mean of Baseline. 

The Baseline rec:ords in Figures 9 and 10 seem. t .o indicate the form 

the latency decrease will t~ke in Phase 1. Baseline changes in animal 

1 tended to be gradual over days with no sharp increases or de creases. 

This course was foliowed in Phase l also where de.creases were for th.e most 

part gradual, a trend that continued in Phase 2 . Animal 2, on the other 

hand, sho,wed abrupt lat,ency inc,reases and decreases in Baseline and 

continued this pattern in Phase 1 and Phase 2. 

The variability in the latency of PL .also changed considerably 

during training in both animals. Animal l dis played substantially greater 

variability in Phase 1 (S.D. = 3.83 msec) than in Baseline (S.D. = 1.27 

msec). This was due to ehe fact tbat tbe latency in the last 7 days did 

not continue to increase. Animal 2 showed the same trend in Phas.e 1 as 

did animal 1. Variability increased considerably from Baseline (S.D. = 

7.23 111Sec) but, unlike animal 1, rose yet higher in Phase 2 (S.D. = 10 . 60 

msec). Again, the increase in Phase 2 varfab.ility is a re flee tion o f the 

large latency increases in that phase. 
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Based on the changes in the latency of PL it should be expected that 

as con di tioc;iing takes place the p,ercen t of reinforcements should a1so 

rise. Figure 11 fot animal l and i'.igure 12 for animal 2 show . that this 

is what occu.rre.d in Phase 1. From Table 4 it can be seen that both 

animals generated about 24% criterion responses . By the end of Phase 1 

the percent of trials on which the animals received reinfo rcement had risen 

to Ju_s t over .53% in both animals. However, during Phase 2 animal 1 was 

able tb generate only about 20% criterion resp0nses, and anirnal 2 was able 

to generate only 34% cr,i terion responses. 

Even though Figures 11 and 12 reveal the sam·e general fa lling, rising, 

ar:id falling trend in Phase 1 these trends are not very much in evide!lce 

in Baseline or in Phase 2. What is revealing about the figures, however, 

is that the two animals showed quite large individual difference.s each 

day in the percent of cri te-rion responses y-et ended up with very nearly 

the same total percentage of criterion responses for both Baseline and 

Phase I. Thus, a great degree of variability may exj_st across a:Q.imals 

yet yield the same end result . 

Behavioral Observations an-d Behavior of~, PL and P3 Components 

Behavioral observations. The success 0-f conditioning raises the 

question of how the latency manipulations were accomplished. Behavioral 

observations ~-tere not rec:orded as dependent variables but obse-i;vations 

throughout the cour:se of the experiment yj_elde d no surprising results. 

The animals remained in a posture which oriented them toward the light, 

remaining quite still. This posture was. invarien t throughout most of the 

study from late Baseline through both phases o f conditioning. 

Behavior ~ Q, PL and P3 during Baseline, Phase 1._ and Phase 2. One 

might hope that the behavior of other aspec·ts of the EP would provide clues 
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Table 4 

Percent of Responses· Reaching Criterion for Animals 1 and 2 

Condition 

Baseline 

Phase 1 

Phase 2 

Rat l 

24.10 

53.19 

20. 2 8 

Animal 

R;st 2 

24 .31 

53. 24 

33.82 

54 
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to the mechanisms of reinforcement changes in latency. Although there 

are some trend_s in the behavior of different components aeross ,.wnditions, 

the overall picture is that the manipulatio~ of the latency of PL is 

relatively independent of changes in other aspe,cts of response and that 

the mechanisms employed are likely to differ greatly between animals. 

For further analysis the amplitude and latency of <::6mponents P2, PL and 

P3 were examined during Baseline, Phase 1 and Phase 2. The means a,nd 

standard deviations of the basic data used in this analysis are shown in 

Table 2 for animal l and Table 3 for animal 2. 

During Baseline the trend was for the variability of the latency of 

later components to be greater than triat of early components. An inspec­

tion of Tables 2 and 3 shows the stan.dard deviations of P2, PL and P3 to 

be 1. 18 msec, 1.2 7 msec, and 3. 52 msec for animal 1 and . 59 msec , 2 . 95 

msec, and 6. 25 msec for ar,imal 2. Conditioning tended to change this 

picture since in both Condi tioniug phases for animal 2 an.d in Phase 1 for 

animal 2, the variability of PL became! greater than that of P3. However, 

even over training the variability 0£ P2 remained less than that of PL 

or P3, which can be seen in the averages in Figures 3 and 4 and in the 

graphs of the medians over training in Figures 13 and 14 for P2 and 

Figures 15 ~nd 16 for P3. Figure 13 for animal_ 1 shows that there was 

essentially no change in the latency of P2 from Baseline through both 

phases of conditioning; although the variance decreased in both Phase l 

and l'hase 2 compared to Baseline. Figure 14 a lso shows little variability 

of the latency of P2 for animal 2. Ji'or this animal the variability does 

increase somewhat from Baseline through Phase 1 and Phase 2 but is still 

quite low overall. Cenerally the variability of latency shows no trend 

for the three components across conditions. However , for both P2 and PL 
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in animal 2 va1:iability increas'ed throughout conditioning. 

The variance of aroplitude across or within components showed no con­

sis tent trends or opposite trends from one animal to another. The median 

amplitudes over days for the three components P2,. PL, and P3 across all 

conditions are graphed in Figures 17, 19 and 21 for animal 1, and Figures 

18, 20 and 22 fdr animal 2. Tables 2 aud 3 also list the mea:ns and standard 

deviations f-or the amplitude of these same three components across Baseline, 

Phase 1, and Phase 2. 

A visual inspection of both the tables ,and figures shows that the 

variance of amplitudes across components or within components across 

training showed no consisten t trends or oppos;i_te trends from one animal 

to another. For example, for animal i the va1:iance of the am·pltiude of 

P2 incre.ased from Baseline to Phase 1 and decreased from Phase l t o Phase 

2 . For PL of animal 1, however, the va:riance decreased from Baseline to 

Phase 1 and decreased further in Phase 2. For animal 2 the variance of 

the amplitude of P2 decreased thr:-oughout conditioning-, wherea:s foi; PL the 

variance decreased from Baseline to Phase 1 and increased in Phase 2. 

The on-ly trends which occur are, that f or animal 1 oniy, the variance of 

the amplitude of PL and P3 decreased from Baseline through Phase 2. 

The overall picture emerging from the preceeding res·ults, is that there 

is a high degree of independence in the three EP components analyzed . 

Certainly there are no striking trends within animals and some rather 

pronounced differences between. them. '.['o further investigate dependencies 

between components , correlations were computed between latency and amplitude 

for P2, PL, and P3 for both animals. These correlation matrices axe 

shown in Tao le 5 and Table 6 for animal 1 and animal 2 respectively. 

An inspection of Tables 5 and 6 shows that there was little relation-
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ship between lateticy and amplitude fqr any component in .animal 1 or 

ani~al 2. Gerterally, the fact:ors T.il)ich determine latency .account for 

little of t .he variance in amplitude. Correlations· between the a,mplitude 

of one co.mponent and the latency of any othe:i; are generally o f a low 

order. There are some exceptions to this and th~se exceptions occur 

only in animal 1. R,elatively high correlations· were .obtained in Baseline 

2 
between P2 latei;iG:y an.d P3 amplitude (.£ = +. 7 7, ~ = . 59) and between PL 

2 
latency ~dP3 amplitude (r=+.93, r = .86). However, in Phase land 

Fhase 2 these high Baseline correlations became too low to account for 

a si,gnifican t portion of the variance. 

Since t here seem to be no cons is tent re1<;1d.onships between alll.pli tude 

and lat:enecy of any components, a aex~ logic.al step would be tG investig.ate 

the possibility' of relationships between the latencies of various· components. 

From Tables 5 and 6 it can be seen that for both animals the latencies 

of both P2 and P3 are highly i,ndependen t; correlationsbetween the l aten-

cie.s of these t.@ml)onen ts tend to be of a low p;iagn::Lcude·. The only exception 

to this was fo.r animal 2 in Baseline where the correlation was +. 68 which 

.still a.ccounted for only 46% of the varJance. This relationsl:lip d.eclined 

to almost zero in both phases of conditioning. A comparison of the changes 

in P2 latency across conditioning for animal 1. (Figure 13) an d animal 2 

(Figure 14) wit;h the changes iIJ P3 latency (Figure 15, animal l; Fi&u.re 16, 

animal 2) aga:in reflect this inde·pendenee.. It can be seert comparing 

Baseiine for animal 2 in Figure 14 with Figure. 16. tha t the r e is some 

correspondence between :P2 and P3 • .but that this does not continue .across 

training. 

·Some dependence is eviden·t b_etween the latency ·o.f P2 and the Latency 

of PL. A comparison of Figure 13 with Figure 9 f or anima l 1, a nd. Figure 
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14 with Figure 10 for animal 2 does show some dependence in Baseline. 

For animal 1, the correlation between PL latency and P2 latency is 

substantially positive (_!: = +. 7 5, !_
2= . 56) accounting for 56% of the var­

iance in Baseline. For animal 2 the relationship is somewhat stronger 

2 - ) (r =- .78, :E_ = .61 accounting for 61% of the variance. Howev.er:, for 

2 
animal 1 this relationship decreased over Phase 1 (:E_ = +. 57, _!:_ = • 33) 

2 
and further decreased over Phase 2 (r = +.41, .E. = .17). In animal 2 

2 
this relationship became stronger -in Phase 1 (.!_ = +. 79, r = . 63) thpn 

2 
i _n Baseline and then declined in Phase 2 (~ = +. 61, r = • 3 7) • 

Generally then , it can be said that there .are no factors whicb seeni 

to cons is ten tly affect th-e latency across comp on en ts £or both animals . 

The relationship which did occur in Baseline between P2 and PL declined 

substantially over training f;or animal I and declined in Phas e 2 for animal 

2, indicating no cons is tent dependencies b e tween th.e latencies of components. 

There do not seem to be any common factors affecting amplitude . Almost 

all correlations are so low so as to account for little of the variance. 

The only exception was the correlation betwee·n P2 amplitude and PL amplitude 

for animal 2 in Baseline. 1-Iere the relatjqnship was_ quite ,substantial 

2 
(_!: = +. 73, r = .53) and accounted f<fr 53% of the variance. However, a 

comparison of Figure 18 for P2 amplitude and Figute 20 for PL amplitude 

reveal that this relationship declined during both phas e s of conditioning. 

This same correlation in Baseline for animal 1 was much lower (r = - . 41, 

2 
r = .17) and remained low throughout conditioning as a comparison of 

Figures 17 and 19 show. Figures 21 and 22 for animals 1 and 2 r~spectively 

are include d to illustrate the course of the amplitude changes for P3 

over days in Baseline, Phase land Phase 2 . 

Table 7 shows the percent of occurrence of P2, PL and P3 for both 



Table 7 

Mean Percent of Occurrence for Three Compon·en ts in Three 

Conditions for Animals 1 and 2 

Condition 

Baseline 

Phase 1 

Phase 2 

Component 

P2 

PL 

P3 

P2 

PL 

P3 

P2 

PL 

P3 

Rat 1 

89. 84 

91.54 

39 . 72 

87. 97 

87. 58 

40.22 

86.00 

79. 7 8 

51 . 86 

Animal 

Rat 2 

97. 99 

78 . 39 

77,32 

99.02 

69.99 

59. 54 

97. 46 

77 . 6 7 

69 . 12 

71 
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animals over all conditions. The table shows that there are no consistent 

trends across conditions for both animals. However , the table does show 

that for both animals the percent of occurrence for PL dropped in Phase 

l compared to Baseline. Apparently then, the task of conditioning was 

sufficient .to decrease the occurrence of the component . For animal 1 the 

occurren(:e of PL continued to decrease in Phase 2 in which minimal 

conditioning took place, and increased in Phase 2 for animal 2 where 

conditioning occurred . It appears then that as the animal became more 

proficient at the task PL again occurred more frequently as in Baseline. 

There are some similar trends between animal.s when the correlations 

between the oceurrence of different components a~e considered . Prom an 

inspection of Table 8 it appe:ars that as the latency of PL decreased 

the relationship between the occurr,ence of PL and P2 decrease d for both 

animals. For Phase 2, the relationship between P2 and PL still decreased 

for animal 1, but increased slightly for animal 2, however th.e magnitude 

of the correlation was still less than in Baseline. This example of 

Baseline effects decreasing through training is ag:ain seen between the 

occurrence of P3 and P2 for animal 2 and to a very minor degree in animal 

1, In Baseline the predictive power of P2 fqr P3 is substantial(_!. = + . 75, 

2 2 
r = .56) but drops dramatically in Phase l (..!:_ = - . 16; r' = . 03) and 

rises slightly in Phase 2 (_!. = - • 39; :!_
2 = . 15) to account for 15% of the 

variance . This decreasing trend is seen also in animal 1 , except that 

the Baseline relationship accounts for only 11% of the variance (E"" +.33, 

2 r == .11) • 

Cen·elations between the. occurrence of PJ and PL showed quite similar 

effects across conditioning . Here, lot.; Baseline relationships are increased 

as a . result of Phase 1 conditioning, a result that was indicated by the 



Table 8 

Inter correlations of Thre.e Components Based on. 

Condition Component 

.Baseline 1?2 

Phase 1 

Phase 2 

Baseline PL 

Phase l 

Phase 2. 

Occurl'.'ertce 

Rat 
PL 

+.69 

+. 38 

+.03 

Animal 

l 
PJ 

+.33 

+.31 

+.OS 

+.35 

+. 84 

+.44 

Rat 
PL 

+. 70 

+. 18 

-.27 

2 
P3 

+. 75 

- .16 

-.39 

+. 44 

+ ,62 

+. 82 

73 
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averages in Figµre$ 3 and 4. For animal 1 only 12% of the Baseline 

variance of PL was accounted for by P3, artd for anirnal 2, 19% of the 

variance was accounted for. However Phase 1 condi.tioning of PL increased 

the percent of accountable variance to 71% for animal 1, and 38% for anil_llal 

2. In Phase 1 task acquisition for both animals was very much in 

evidence. For Phase 2, tbe percentage of accountable variation ,dropped 

to 19% for animal 1, but rose to 6 7% for animal 2. These results sug'gest 

that in the phases where conditioning was clearly evident the ability t o 

predict the occurrence of P3 from the occurrence of PL clea rly increased . 

The only .ease where this was not true was for anima.1 1 in Phase 2 where 

task acquisition was not very much in evidence . 
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Discussion 

Conditioning 

The· results of this study can be seen as a replication af}d an 

extens.iQn of earlier wo.rk in the Operant Control of Neura_l Events (Fox 

and Rudell, 1968, 1970.; Rosenfeld a.IJ.d Ower:i, 1972 ;_ Rudell, 1970; war~er, 

1974) •. In the pr esent study it: has been shown. that i .t is pos-sible to ex­

plicitly condition the latenty of the late _positive co·mponent of the 

photic evoked potential. Pre.vieus work using the OCNE paradigm has been 

concerned primarily with the conditioning of amplitude. If la:tency was 

considered at all it was merely as a product of amplitude c·on-ditioning . 

That conditioning did occur in this study is ·shown by the seveJ::al 

lines of evidence presented . First, considering only Phase 1, and oompari:ng 

it to Baseline, it is clear from the graphs that the lateli.GY of PL display s a 

steady downward ttend during Phase 1 conditioning for both animals, a 

trend which sh.owed no sign of asymptote in either animal. The mean 

changes in t he latency of -PL in Phase 1 also argue strongly for an e ffect 

of cbnd:l,.tioning. Wb._en one conside:i;-s that this mean -difference betwee n 

~aseline an,d Phase 1 reflects a change over Phase l o~ over 12 msec for 

animal 1 artd 25 msec for animal 2 the re~ults are all the- more convini;:in:g . 

The efficacy of t'!onditionirtg vari.ed to some extent between animals-. 

lt is obvious that animal 2 was able t 'o .exercise more control over the 

latency of PL than was animal 1. It might be argued that this r esults 

because animal 2 already snowed in Baseline a t;el).de-ncy tp· deereas e its 

latency. However, the change over five ·days of Baseline- was only about 

S msec, whereas the change o.ver the first five days o f c011ditioning was 

I).early tw,ice that. It i s daub tfui that a tendency to drop in B-aseline 

is an adequ2te exp,lanation for superior performap.c~ µi animal 2. It is 
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also clear that the occurrence of PL has nothing to do with the ability 

to decrease latency. Animal 2 showed a less frequently occurring PL tha:n 

did animal 1 in each phase of conditioning <;l.Ild in Baseline. Also, percentage 

of criterion responses as a reason for differing efficacy must be. ruled 

out, at least for Phase 1. For both Baseline and Phase 1 bo,th animals 

had nearly the same percentage of criterion responses; the only difference 

resulted in Phase 2 where animal 2 generated more cri_terion respons·es 

than animal 1 and showed more effect of conditioning . 

The most likely rea:so.n for the differences between animals is an 

increase in the signal-to- noi.se ratid in animal 2. Sucl:i an ir;icrease could 

result from eith.er greater occurrence of PL or from larger PL amplitudes . 

In this case it is clea-r that greater occurrence could not explain the 

difference; animal 1, in fact, generated more PL potentials than did 

animal 2. However, a cbmparison of Tables 1 and 2 showed that animal 2 

did generate consistently higher PL amplitudes in Baseline, Phase 1. and 

Phase 2 than di.cl animal 1. This alone could account for the difference 

in task acquisition; if a signal is stronger then prestnnably it is n1ore 

noticible a:nd should lend its elf to change more read.1.ly. 

Corroborating evidence of conditioning is furnished by the plots of 

averages and DC:Ps ov·er days. Although the change illustra ted by the 

averages is not great, it is because the average is not a ve.ry sensitive 

measure (Walker and Long, 19 76). It can be seen from inspe,ction of the 

daily DCPs in Figures 5 and 6 and the. summate.d DCPs in Figure s 7 and 8 

that even a small change in the averages rep res en ts a great deal of 

change in the form of the underlying distribution . The summated DCPs il_lus­

trate that in Phase 1 a new mode arises which is in the direction of 

conditioning, that is, an increase in the mode corresponding to decreased 
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latency. The decrease of this mode in Phase 2, witb a shift to modes 

corresponding to increased latency is evident for animal 2. However, for 

animal 1 tl;le only noticeable change in the figure in Phase 2 is that 

there are fewer potentials in both m.odes. 

These DC .s show that there are different modes of responding in 

those conditions where task acquisition was evident, with the distributions 

reflect~ng the direction of conditioning. 

Further evidence that co.nditi-oning has taken place is furnished by 

Phase 2 of the study in :which the animals were required to incre_ase the 

latency of PL. The large increase in latency between the last day of Phase 

1 and the first day of Phase 2 is furtber evidence for experimental 

control of the phenomenon. This increase is graphic.ally illustrated in 

Figure 9 for animal l, and Figure 10 for animal 2. Between Phase 1 and 

Phase 2 wer.e interposed 100 ext.inc tion trials, that is·, trials in which 

no reinforcel,llent was given . The effect of the cessation of the reward 

contingency was that PL, which had been tra:ined t:o decrease in late.rtcy, 

rose rapidly toward Baseline levels. Apparently, the latency of PL oniy 

stays decreased as long as the state producing that decrease is in -effect. 

Mechanisms of Latency Ch:anges in PL 

11' might b.e argued that; latency is merely an erfect of the task 

situation, that latency decreases as the animal becomes arouse d. Such 

an arguem_ent would be in keeping with f indings, of Magoun (1965) and 

Steinberg (1965). If this is the ease, latency would "automatically" 

decrease. as the animal becomes more aroused by· at tending to the task. 

Other data in this study provides more evidence against this statement 

than it does for it . First, the time course of the Phase 1 latertcy 

changes is net compatible with the arousal hypothesis . If arousal is to 
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be used as an explanation of conditioning then the latency of PL would 

decreas~ drastically during the first day of conditioning when presumably 

the animal would be more aroused because the task had not yet been learned. 

This decrease in early training should then be the shortest latency 

recorded in training., which w.as not the case. Second , during extinction 

the latency jumped back up tm,rard Baseline levels. Again, if latency 

were simply a reflection of arousal this rapid increase should not have 

occurred. Most contradictory to the assertion th.at latency is a simple 

reflection of arousal is that animal 2 was able to substantially increase 

the latency ef PL, and that animal 1 showed increased latency in the 

first three days of Phase 2 conditioning. May it then be assumed that 

the animal became less aroused? This is not likely to be the case 

because the animals, were s.till in a situation where a task had to be 

learned. Phase 2 was just as much an arousal situati.on as was Phase 1. 

lt. might further be argued that the latency of a SW component is a 

function of stimulus intensity as it seems to be in an action potential 

(A.idley, 1971), the stronger the stimulus the shorter the latency . If 

this were true latency would be merely epiphenomenal, that is, a simple 

by-product of s .timulus intensity through t11e classical visual s ystem. 

The evidence in this study tends to refute the arguement that latency is 

simply a reflection of conduction delays in the classical visual system. 

If a stimulus is delivered at the same intensity during all trials in 

conditioning, an animal can alter visual input in twQ ways., either by 

eye closure or orienting in a specific way du:ring conc;l.i tioning. However, 

if the animal simply diminished input by eye closure, this would in crease 

latency so this tactic would only work in Phase 2 conditioning; yet task­

acquisition was even more in evidence in Phase 1. Also, from the obs er-



79 

vations during conditioning, the animals remained in one posture with 

their eyes op:en. Therefore, to decrease latency the animals would have 

to increase visual input, possibly by assuming a -posture toward the li_ght. 

This is an unlikely postulation. If the t ,ask to decrease latency were 

as simple as orienting toward a light source, a minimum latency should have 

been obtained in Baseline, or at the latest, in the initial days of 

Phase 1 conditioning. As the results showed however,_ the laten cy of Pt. 

showed considerable decrease in both animal_s in the initial days of 

Phase 1 condition{ng as compared to Baseline . This decline continued 

during Phase 1 with :no evidence of asymptotic performance in either animal. 

Further evidence that n e ither eye closure or &1;.lective orientation 

is respons ible for the changes seen in conditioni_ng has been presented 

by Rudell (19 70) and Rosenfeld and Owen (1972). Rosenfeld and Owen have 

reported , that during conditioning of the amplitude of a late component 

in cats, tb.a.t eye closure, other than an occassional e y e blink, was not 

in evidence. Thus, eye closure, which would limit the stimulus intensity, 

could not be evoked as a mediator of the conditioned effect. Rudell ruled 

out selective orientation to the stimulus as a mediator of the conditioned 

effect by expe rimentally m'anipulat;ing body orien t ation. He found that 

animals were still able to significantly alter a specified bra:in potential 

parameter reg·ardlesq of orientation to the stimulus. 

Since tl;Je present findin gs a:nd those cited from previous research 

tend to rule b,llt sele'ctive orientation as the e ~l)lana tion of evoked 

potential conditionin_g this means that the· only other- way the visual 

system might influence conditioning is via efferent control of sensory 

function. Reporting on the research of others, Morell ( 1961) has reported 

that the sensitivity of the retina and central visual pathways varies with 
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changes in cortical , thalamic., or reticular function. The possibility 

that any other central structure might be responsible for mediating 

evoked potential conditiorri.a.g by influencing the visual pathways was 

alsc;i ruled out by Rudell. Rudell recorded from both a trained site in 

the visual cortex and a colateral site in the lateral geniculate body, 

and compared averaged geniculate potentials asso1::.iated with criterion 

responses at the trained site to averaged geniculate potentials associated 

with non-criterion responses at the trained site. He found these 

g.enicolate averages to be superimp-osable, whereas the averages from the 

visual cortex d.isplayed a difference in the trained segment. Since the se 

differences did not appear in the sorted geniculate averages, Rudell con­

cluded that conditioned changes in visual evoked responses were not the 

result of changes in the visual pathways. Rosenfeld (19 74) fu rther 

stated that these findings ruled out the possibility of any central 

stru cture mediating, the effect by influencing the visual pgthways . 

While it is tn1likely that the classical visual s ys tern is responsible 

for the c,onditioned changes in the .evoked response , it is p oss ible that 

other behavioral fa c t 'Ors may mediat'e the conditioned effect. That 

conditioning may be mediated by the animals modi fying the input producing 

potentia l s was suggested by earlier work by Fetz and Finocchio ( 19 71) and 

Rosenfeld and Fo;< (1971). .Fetz and Finocchio had found that reinforced 

changes in upper motor neurcn cells were acc,ompanied by muscle activity 

in the muscles previously assoc;iated with those cells. Rosenfeld and 

.Fox trained animals to execute limb movements which produced potentials 

in the contralatex;al somatosensory cortex. They found that reinforcing 

animals for modifying these potentials produ.c,ed changes ;i.n the movement 

which evoked the potentials . 
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These results led to investigation of other possible mediat0rs of 

a conditioned brain potential r esponse besid•es the visual system . Previous 

observations (Fox and Rudell, 196 8, 1970) had not shown any gr9ss motor 

behavior whi ch could be related to brain potential changes·. Rosenfeld 

and Owen (1972) investigated the possibili ty that feedback from motor 

a cts !lligh t influence t he synaptic organization producing th.e criterion 

response. However, by presenting a random inte·rstimulus interval and 

reinforcing a 20 msec criterion segment (which was less than t'be animal 's 

reaction time) they ruled out dis•.crete motor acts as responsible for the 

conditioned amplitude changes. 

Rosenfeld , Hetzler, Birkel, and Kowatch (1976) further ruled out 

what they termed trivial mediation in the conditioning of amplitude . By 

using s hocks to the op tic chiasrn t hey were able to rule out recep tor 

orienta tion as a mediator of the conditioned response. By random st-imulus 

pres-ent.ation they were .able to r ul e out timelockin g by the animal to the 

stimulus• a_nd any slow potential shifts r e lated to movements;. 

Thus , all previous find_ings tend to disagree with the contention that 

conditioning effects are all the r esult of changes mediated through other 

sys terns (vis ual or mus cu l ar) . Rosenfeld and Owen ( 1972) sta te quite 

clearly that the subject gene r ates a stat e which "presets the excitabili ties 

of synapses generating the criterion component before the stimulus is 

presented ." (p. 85 7). They further ctmclude , f rom noticing new widespread 

rela t ionships in d;i.fferent areas of cortex, that the training procedure 

l ea ds to new corti cal processes . That is, the cortex is in a novel state, 

a state ~,ich does not exist prior to train ing. 

Using the previous research cited a bove in con junction with the 

present study, it must be concluded that changes in Latency do not ref l e ct 
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simple alterations in peripheral visual phenomena (posture toward or away 

from the ligh"t or eye closure). It is also doubtful that the conditioned 

potential changes reflect any changes i n the visual system at all, either 

peripherally or centrally. This conclusion is best supported by Rudell 

and Fox (19 72) who state that the light flash is largely irrelevant to 

the conditioning proeedure. 

Independence of PL froJit Other Comp on en ts 

It has been demonstrated in this study that it is possible for an 

animal to man.ipulate the latency of PL to gain food reinforcement and 

that this change is not the result of simple con trol of stimu lus i ntens ity 

by the animal, nor is it the result of -arousal brought on by a task 

situation.. Sinc-e the internal change of conditioning PL effected a change 

in th.e environment, the latency of PL has "been demonstrated to be adapt i vely 

significant. That is, if a required change in a brain wave is the only 

event for which an animal may obtain reinforcement, and it does so, thet;1 

the component must be of -adaptive significance. 

Attempts to demonstrate the significance o f amplitude in the EP have 

been frequently reported both in correlative studies and in non-correlative 

(OCNE) studies. Haider, .Spong, and Lindsley (1964) repbrted that reduced 

attentiveness was accompanied by a corresponding reduction in amplitude 

of visual evoked potentials in humans. Davis (196li) using an audj_tory 

discrimination task, indicated that enhanced attentiveness inci·eased the 

amplitude of evoked potentials. Many research.ers. (Gala.mbos, 1958; Galambos , 

Sheatz, and Vernier, 1956; Hernandez-Peon, 1960) have report~d a reduction 

in amplitude to auditory (click) or visual (flash) stinmli if the stimuli 

were repeatedly without any consequence. This reduction in amplitude with 

·habituation can be reversed by brain-stem lesions (Hernandez-Pe-on and 
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Scherrer, 1956; Sharpless and Jasper, 1956). 

OCNE studies (Fox and Rudell, 1969; Rosenfeld, 1975; Rosenfeld and 

Fox, 1972; and Rudell and Fox, 1971) have indicated that amplitude is of 

functional significance by virtue of its having been conditioned. 

However , the significance of latency of any component in the EP has 

generally been viewed as suspect. It has been pointed out (Mountcastle, 

1969; Burns and Pritchard, 1964) that it is doubcful .that latency can be 

of much use as a measure of intensity, or indeed, of any complex behavior 

because the organi sm has no information about the real time of stimulus 

onset. However, this study has demonstra t ed that the latency o f l'L can 

be made adaptively significant, that animals can effect a change in the 

environment when the·se changes are contingent on a modificad.on in the 

latency of a brain wave component . A problem arises here in that if the 

latency of PL is not independent of oth~r components, and other parameters 

of components, then it cannot be, by itself , adaptively significant. The 

larger question which arises here is "is t he evoked potential capable o-f 

encoding only one bit of information or many bits?" 

The issue of independenee of PL from other components may be demon­

strated in a vai,-iety of ways. If components are dependent on one an0ther 

then this dependence should be evident in the relationships between 

occurrence, l a ten~y , and amplitude of dif ferent components. In any study 

of neural function one goal would b~ tu be able to predict one aspect of 

neural function by another. In this basis then, it would be desirable 

to be able to predict that as one parameter of PL changed with conditioning 

this same parameter or ano·ther parameter of another component should also 

~hange to a reliable and predictable degree . 
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Occurrence. The results showed quite clearly that th·e correlation 

between the occurrence of P2 and PL decline·s over conditioning in both 

animals. This tends to refute any arguement for dependence between the 

two cQmponen ts as far as simple occurrence is concerned. If anything, 

the breakdown of rather large Baseline relationships during conditioning 

argues for an increasing independence of P2 and PL and indicates that 

there are c0ntingencies operating in particular situations to break up 

the synchronized activity seen in Baseline. For animal 1 the correlation 

between P2 a nd PL was +. 69 in Baseline which decreased to +. 38 in 

Phase 1 to + .03 in Phase 2; for animal 2 the correlations were+. 70 io 

Bas,eline which decreased t o + .18 in Phase 1 and -. 2 7 in Phase 2. This 

breakdown in Baseline relationships is clearly shown by the pe r -cen t of 

variance accoun t ed fo r in each phase of conditioning. During conditioning, 

the percent of v:arian.ce accounted f or i.n animal 1 dropped from 4 8% i11 

'.Baseline to 14.59% in Phase 1 to .09% in Phase 2 . For animal 2 it dropped 

from 49% in Baseiine to 3:2% in Phase 1 to 27% in Phase 2. Clearly then, 

the ability to predict the occurrence of P2 from the occurrence or PL 

declines over conditioning. It appears that the task performs a disso­

ciative. function, breaking down preconditioning relationships. This same 

trend of decreasing relationships over conditioning ~.;ra:s also seen between 

P2 and P3. In both a:nim.als, especially animal 2 , the components became 

more independent over conditioning . 

As opposed to the indepe·ndence mentioned above , the relationship 

between percent of oecurrenc.e betwe en P3 and PL definitely ipcreased 

with conditioning in both animals , with one exception. The exception to 

this trend was that animal 1 showed a decreased relationship be tween PL 

and P3 during Phase 2. This may simply be the result of the minimal 

task acquisitio.n in Phase 2 for this animal. This c.onflictiug result was 
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[_lot due to changes in t he p•ercent of oc,cuttence .of PL in Phase 2 hi;iwev~r, 

'the .data f rom Table 6 shovfs that the occurrence of PL decreased ft:om 

Baseline through Phase 2~ but that the occurrence of P3 increased in. the 

same period. If changes in the p.ercent of occurrence of PL ,were responsible 

for the decreased relationship b.etween PL and P3, then it would be e xpected 

that the trends in Baseline and Phase 1 would have changed in Phase 2 

which was no:t the case. That the mean percentage: of· _occurrence of PL and 

P3 does rrot determine th.e magnitude of the relationship between PL .and. 

P3 is further s-een in animal 2. Fo.r this an:lmal the percent of occu)'.'renee 

of bo th PL a,nd P3 decrea_sed from Baseline to Phase 1, and then incre·as~d 

in Phase 2 , but the corr~;J.ati6i:;ts sho·wed ~9r1tinual in€r;ease 9ver all 

conditions as seen in Table 7. Uha:t this indicates then is tha·t PL ahd 

P3 tend to occur more often together with the advent of .condi tioning when 

P3 does oocur, but that PL still occurs more often than do·es PJ . 

It appears from the dat~ that there is some increasing .dei.;>eIJ.d~nce 

between PL and P3 in occurrence .as conditioning t akes place . This 

dependence, howe,ver, is not in evidence between P2 and PL or between. I>2 

and P3. Thus co·nditioning does s .ee:m t:9 i~~rease dependence between la t e 

components but not between early and la..te components . The indication here 

is that. PL and P3 may reflect simi l ar processes which make them. occur 

t ogethe r, processes· which are distinct from those in a primary component. 

However, from the mea:n percentage of occurr-en.ce , i ~ seems as thoµgh PL 

and PJ are not reflections of the same process because .they do occur at 

different rates. Apparently the process i-1hich tnakes them occ ur together 

has nothing to do with the process which makes P3 occur in t he firs t place. 

Amplitude. Ail amplitude relationships t.rere either low or inconsistent 

across animals . In no case does there seem to be a solid , o_r even marginal 1 
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case fo~ arty dependence between or within components. .All correlations 

listed in Tables 4 and 5 argue for independence betw·een the latency and 

amplitude within any particular component . What this means then is 

that it is possible to condition the latency of a component with. no 

dependent change in the amplitude. Independence between amplitudes of 

PL, P3, and P2 also see,ms to be the rule in Baseline, Phasel, and Phase 2 . 

What should ~specially be noted here is that the dependence in occurrence 

seen between PL and P3 is not in evidence when amplitude is considered ; 

PL amplitude is indepeffdent of P3 amplitu.de. 

Latency. From all the data in this study the latencie•s. of P2, PL , 

and P3 appear to be independent. As seen in the relationships of tbe 

o<;:currence of P2 with PL and P2. with P3, the genera:l tre11d in the 

relationships of tb.e latencies of components is fo r de creased dependence 

(lower correlations) with cond itioning , wh ich indicates that there are 

contingenci es operating which break down the synchronized activity s-een 

in Baseline. 

This trend is seen quite clearly between the latency of P2 and P3 

as shown in Tables 4 and 5. For both these animals subs ta.rt ti.al Baseline 

correlations decreas·ed during Phase 1 and 'Ph:ase 2. It should be poin red 

out here that animal 1 showed a change from a negative correlation. i'n 

Baseline to a positive correlation j_n Pha_se 2. However, this does not 

argue for increased dependence of components; as far as dependence is 

concerned, the direction of the relationship, makes no difference. This 

dissociation of latencies between components is seen to a les.ser degree 

be tween the latency of P2 and PL-. Correlations between the: latency of 

PL and P3 did not show the cons is tent decrease of Baseline relationships, 

over conditioning, but correlations were so low so as to account for only 

a small portion of the variance. 
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None of these relationships show increased ability t .o predict the 

latency of one component from changes in another, indeed, the reverse is 

to a large extent true. Thus, conditioning the latency of PL does not 

increase the dependence be tween the latencies of o~ber components. This 

independence is also seen when the latency of any component is compared 

to the amplitude of any other component. Here too, it- must be stated that 

by knowing the latency of any coroponent it is not possible to predict the 

ampli t u"de of any other component. 

It has been shown in this study that the specified changes in the 

latency of PL are independent o f other parameters of EP components; that 

as the latency of PL- is changed other parameters of other c.omponen ts do 

not change in a reliable or predictable fashion. Both the amplitude and 

latency of PL are independent of the latency and amplitude of P2 and P3, 

and P2 and P3 are independent of one another. It has also been shown that 

P2 and. P3 and P2 and PL are independent in terms of occurrence, but that 

PL and P3 do show some tendency te. increase the relationship with conditioning. 

The r;esults of this study tend to agree with other studies in which 

independence of processes has been demonstrated. FG>x and R']Jde 11 (1969) 

state that the late potential in the cat photic EP represents. different 

independent events fronr the primary components. In a: later study (Rudell 

and Fox, 1972) they again argue for independence of cornp.on-ents when they 

fouud that it was possible to condition amplitude in primary components 

with no dependent change in late components. They conclude that the EP 

is 11 
••• not a unitary message, but encodes a nuniber of separate behavioral 

states." (p.560). The independenc.e in latency and. amplitude amon g components. 

indicates that PL, by itself, is adaptively signifieant. Thus, specified 

changes in the latency of PL are unique to only PL. Nore importantly, 
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it has been shown that th.e amplitude of PL is independent of ehanges in 

the latency of PL. Thus~ not only has l>L been shown to be adaptiveiy 

significant., the latency of PL has been shown to be such also. 

One of the more important aspects of the conditioning of PL lat:ency 

are th~ changes s -een in those relationships which were strong in Baseline 

but which t-1ere disrupted by conditioning. Most notib:]..e among these 

correlatJons are in animal 2 between the latencies of Pl and P2 and between 

the amplitudes of PL and P2, and in animal 1 between P2 latency and PL 

latency, and in occurrence be tween P2 and PL and P-2 and P3 for both anirna.ls. 

It is th.ese types of dramatic: c.hanges from precondition~ng relationships 

to conditioning relationsh.ips where evidence is most obvious for changes 

in conditioning which tenq. to establish new r~lationships of the component 

PL with other components. If relationships which are established prior 

to conditioning are disrupted by conditioning then this. argues that what­

ever is responsible for this relationship may be causal but not necessary. 

Hence, components which occur reliably in a certain relationship need not 

stay in that relad.onsh:i,,p so events which mean one thing at one state of 

the cortex (i.e. pretraining) may mean something else in another state 

(after training). While latency may not be significant to the animal before 

training it may be conditioned to become so. Thus, this study tends to 

agree with previous research (Pc;,x, 1970; Rosenfeld, 197 4; Rosenfeld .and 

Fox, 19 72; and Rudell and Fox, 19 70, 1972) which argues that the Operant 

Control of Neural Events establishes a novel state of cortex . That is, 

that the training procedure leads to new co1;tical processes which are not 

present in the unconditioned animal. 

What these new cortical processes are can only be hinted at from the 

results of this study. It has been seen that specified changes in the 
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latency of PL are unique to that parameter of that component, but it is 

als.o apparent that there are both 1.atency and a:mplitude changes in other 

components as a result of conditioning. Thus, there are widespread changes 

occurring in those generators responsible for the production of the EP, 

and those changes .are independent of one another. No conclusive sta tei:nen t 

can be made here about how much of the cortex was inv.olved in these changes, 

but there is one fact which may cla.rify the is.su.e. The fact that the 

electrode. tips· were only l-l/2mm apart definitely :restJ:;icts the amount 

of volume ·conducted activity likely to be recorded . Th:Ls, however, only 

indicates that a relatively specific population of cells were being 

recorded from, not how many ~ells were actually changed by the procedure. 

It does indicate though, that :whatever the extent of the change, it cart 

be recorded from a relatively small tissue voltnne. . 

The sum.mated DCPs shown in Figures 7 and 8 also may give a clue to 

the nature of the processes. Sinee synaptic and dendri tic even ts a:re 

largely responsible for the genesis of the EP (Landau, 196 7; Purpuraj 196 7) 

the emel;'gent bimodality of animal 1 and the tdrnodali ty of animal 2 may 

be a refle.ction of new synaptic even ts with the advent of conditioning . 

If this is the case, it is clear that t he new "set" of ~ven ts can operate 

in conjunction with the o1d "set". Thus, the different modes which reflect 

different latency classes of PL may also refle c t differen t s e ts of synaptic 

processes which can ope.rate conjoint.Ly. 

Another findi,ng of interest in ;regard to the cortical processes 

involves component P2. It was pointed out previously in this study that 

the early components are thought · to be a reflection of sensory mechanisms. 

If this is 1,nde.ed th·e case then the relatively high Base.line correla tions 

between the latency of PL and the latency of P2 argue for the fact that 
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PL in Ba.seline may be .sensory linked. The relation ship of the latencies 

of these components sbciwed scime of the largest disruptions duri·ng con4itioning.., 

which :indicates· a dissociation petween PL and the set1sory pro.cesses. Thus,, 

it again appears th.at the conditioning of PL may l ead to new co.rtical 

processes which are not .sensory linked .• 

All of the above mentioned points bear on the question .of coding by 

the evoked potential. The independence seen among eom,ponen ts :ln terms 

of amplitu_de, latency, and to a lesser extent, o.c curtence, in.dicat.es tha t 

the evoked p·oten.tial is not a ,si11&l,e rn~ss age, but has• t:he pot:ential t:·o 

encode a number of beha:viota1 stat es. The further finding that -within 

any one component latency is independertt of amplitude furthe r- indicates 

that each parameter of a component is capable of becoming an encoder of 

a behavio ral state. Thus·, it a,ppears a.s though the EP is capable of 

·encoding as many bits of infonn.ation as there ate s-eparate para:met e.rs. 

However, the potential of the EP to encode -'behavior does not mean th:at 

coropo1ients ciJ" their parameters are related. to any unique behavioral state 

(:F.o.:x, 197)..; Fox and Rudell, 1970). Fqx has explain~d that it is more 

likely that any behavioral state is related t o combinations of parameters 

at a given state of the c.ortex at a particular cortical location. This 

study i:l0es n0t pres¢n t any evidence, nor did it j_n ten cl to, that any 

change in a brain wave pararuet:~:i;- is "!'elated to a par•ticular' mol a r s t13. te .. 

Another aspect of this study is the us,e of averaged evoked pot:en tials 

as an indicator of the .occurrence of conditioning , and the process involved 

in conditioning. It can be seen from a comparison of the DC.Ps in Figures 

5 and 6 with the AEPs in Figures 3 and 4 that averaged wav es- obscur e many 

of the prt>cess .. e s occurring in a particular component. The AEPs consistently 

showed that PL occurred as a single potential fro.m Base:line t hrough .Phase 
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2 for both animals. However, the DCPs showed that PL was not a potential 

which occurred at one latency but at two. and sometimes three, different 

latency zones within what was defined as the PL range, The bimodality 

wh.ich was obvious in the OCPs was apparent in the AEPs only if infomation 

from the DCPs indicated what to look for. The variability seen over days 

in tjie OCPs showed that animals may approach the same problem different 

ways yet arrive at the same solution, or at least, the same percentage 

of reinforcement . Averaged evoked potentials~ like any mathematical 

averaging procedure , present the reliably, occurring information while 

obscuring the variability which may be the aspect of most interest in a 

study of brain function. To believe th-at the infinite variability of 

response of brain cells can be described and understood by using the 

product of a procedure which ca:ncels out this variab-ili ty is certa;i.nly 

-ill0g,ical and susp·e c t as a neurophysiolog.ical t ool. 

This study has shown that it is possible to operantly condition the 

latency of PL, that this conditioning creates a situation in_ which pre­

training processes are disrupted - that 1:otential p a r amete rs l?reviously 

r 'elated be.come unrelated. These findings indicate not only that conditioning 

crea te:s a new state in s,ome volume of cortical tissue, but also that 

components a:re not locked in to one meaning or use. The significance of 

any component is variable and depend ent on a particular state imposed at 

a certain time. Fox (1970) bas put this rather cogently whe,n he said of 

the ''traditional" view of components and their seque n ce that this indicates 

" ..• the severly limited conditions under which evoked pote-n tia:l s have 

be en studied ." (p. 25 4.) 
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Figure Captions 

Figure 1. Traces 1 - 6: Selected single sweeps from Baseline f o r animal 

1. Line at 100 ms;ec denotes delivery of the stimulus. Tra:ce 

7: AEP of 300 single sweeps. Time calibration: 512 msec; 

negative up. 

Figure 2. Traces 1 - 6: Selected single sweeps from Baseline for animal 

2. Line at 100 m.sec denotes delivery of the stimulus. Trace 

7: AEP of 300 single sweep.s. Time calibration: 512 msec; 

negative up. 

Figure 3. Sequentially presented daily AEPs for animal 1. Traces 1 - 6 

are from Baseline, traces 7 - 18 are frdm Phase 1, .and traces 

19 - 30 are from Phase 2. Each AEP in Phases 1 and 2 represents 

300 single sweeps; line at 100 msec ;ind.:lcates demarcation between 

pres timulus and posts timulus times. Time calibration : 512 

nrsec; negative up . 

F:i,gure 4. Sequentially pres en t.ed daily AEPs for animal 2. Traces 1 - 5 

are from Baseline, traces 6 - 20 are from Phase 1, and traces 

21 - 31 are from Phase 2. Each AE1' in Phases land 2 represents 

300 single sweeps ; lin.e at 100 msec indicates demarcation 

between pres timulus and pas tstimulus times. Time calibration: 

512 msec; negative up. 

Figure 5; Sequentially pres eh ted daily DCPs for animal l. Each trace 

corresponds to the same numbered trace in Figure 3. Time 

calibration: 512 msec. 

Figure 6 . Sequentially presented daily DCPs for animal 2. Each trace 

corresponds to the same numbered trace in Figure 4. Time 

calibration: 512 msec. 
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Figure 7. Summated DCPs for animal 1. Trace 1 is a summation of daily 

DCPs in Baseline, .trace 2 is a summation of daily DCPs in 

Phase 1, and trace 3 is a summ.ation o f daily DCPs in Phase 2. 

Figure 8. Summated DCPs for animal 2. Traces are the same as in Figure 

Figure 9. Median values of Pt latency for animal l for each day of 

Baseline, Phase 1, and Phase 2 in msee . 

Figure 10. Median values of PL latency for animal 2 for each day of 

Baseline, Phase 1, and Phase 2 in msec. 

Figure 11. Perceo t of criterion responses for each d.ay in Baseline, 

Phase 1, and Phas.e 2 for animal l. 

Figure 12. Percent of criterion responses for each day in Baseline, 

Phase 1., and Phase 2 for animal 2 . 

Figure 13. Median values of P2 la tency for animal 1 for each day in 

Baseline, Phase 1, and Phase 2 in msec. 

Figure 14. Media:n values of P2 latency for animal 2 for each day in 

Baseline, Phase 1, and Phase 2 in rnsec . 

Figure ·15 . Median val·ues of P3 latency for animal 1 for each day in 

Baseline , J.?hase 1, and Phase 2 in msec. 

Figure 16. Median values of P3 latency for animal 2 for each day in 

Baseline, Phase l~and Phase 2 in msec. 

Figure 17. Median values in A to D uni ts of P2 amplitude for animal 1 

for each da:y in Baselin:e , Phase 1, and Phase 2 . 

Figure 18. Median values in A to D units of P2 amplitude for animal 2 

for each day in Baseline, Phase 1, and Phase 2 . 

Figure 19. Median values in A to D units of PL amplitude for animal 1 

for eacb day in Baseline , Phase 1, and Phase 2. 
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Figure 20. Median values in A to D uni ts of PL amplitude for animal 2 

for each day in Baseline, Phase 1, and Phase 2. 

Figure 21 .• Median values in A to D uni ts of P 3 amplitude for animal 1 

for each day in Baseline, Phase 1, and Phase 2. 

Figure 22. Median values in A to D uni ts of P 3 amplitude for animal 2 

for each day in Baseline, Phase 1, and Phase 2 . 
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