
tients with manic-depressive and 
schizoaffective depressions was exam- 
ined separately (Fig. la), although 
neither MHPG nor D time appeared 
to be related to age in this subgroup. 

In conclusion, MHPG excretion was 
lower in patients with manic-depressive 
depressions than in patients with 
chronic characterological depressions. 
We also observed a significant inverse 
correlation between MHPG excretion 
and D time which was most pronounced 
in the manic-depressive disorders. 
Taken in conjunction with pharmaco- 
logical studies that have suggested an 
inverse relationship between D time 
and central catecholaminergic activity, 
our results support the view that MHPG 
excretion reflects central noradrenergic 
activity, particularly in patients with 
manic-depressive disorders. Further 
studies in a larger series of patients are 
needed to confirm and extend these ob- 
servations. 
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of locus. Implicit in these findings was 
the law of equipotentiality, that is, a 
variety of brain regions had the poten- 
tiality to perform the functions normal- 
ly mediated by some specific region in 
the intact brain. More recent studies 
of brain damage in man have provided 
some support for these ideas, in that 
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Distribution of the Engram 

Abstract. Sensory events and the representation of past experience cause distinc- 
tive changes in the electrical activity of widespread regions of the brain. These 

regions have similar roles in the engram in the sense that they all seem to partici- 
pate in responses to external events and in subsequent representations of these 
events. However, the relative contribution of these processes to the activity of 
different brain regions is quantitatively different, in that some regions are much 
more strongly affected than others. These results may constitute the basis for 
reconciliation of localizationist and antilocalizationist views of brain function. 
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Fig. 1. (Left) Average evoked potentials obtained from the 
left lateral geniculate body (bipolar derivation) of a cat sub- 
jected to differential behavioral generalization during trials in 
which six different stimulus-response contingencies were repre- 
sented: V1CR L, the cat pressed the left lever in correct response 
to stimulus V1; V1CR R, the cat pressed the right lever in erro- 
neous response to V1; V2CR L, the cat pressed the left lever 
erroneous response to V2; V2CR R, the cat pressed the right lever 
in correct response to V2; VaCR L, the cat pressed the left lever 
in response to the novel stimulus Vs during test of differential 
generalization; V.CR R, the cat pressed the right lever in re- 
sponse to V3. (Top right) Waveshapes representing pairs of 
exogenous residuals obtained by manipulating the appropriate 
averages as described in the text. (Bottom right) Waveshapes 
representing independent estimates of endogenous residuals, ob- 
tained by subtraction of the appropriate average response wave- 
shapes. Numbers at the right refer to Pearson product moment 
correlation coefficients between the bracketed waves. 

AVERAGE EPs 

V,CR L 
CORRECT 

V CRR 
ERROR 

V2CRL 
ERROR 

VCRR 
CORRECT 

VsCR L 
GEN-VI 

V3CRR 
GEN-Vz 

EXOG. RESIDUALS 

_^" Y,-W2.(L) JN 73--% . e 

7-VR(R) 
i-r L) 

_%-,(U R ..- %-V~,(R) ,, ~--/- 
' 

-..L-- ~ ENDOG. RESIDUALS 
[v,-.CR L 

-[V2CR R] ,(V,) V /- .- |71- 
I[v,CR LHV2-*CR Rl],(V2) ---- 84 .' 

[vi+CR L):Vz2+CR Rl,(V3) /"-- <:"/- 

,25 . .C D 25 M^SEC /DIV 

many different signs of deficit can be 
observed after damage to a particular 
brain region (2, 3) and deficit in a 

specific function can be demonstrated 
after damage to a wide variety of brain 

regions (3, 4). Such findings, vaguely 
suggestive of the capacity of the brain 
as a whole to process information, are 
difficult to reconcile with the specificity 
of anatomical connections and the 
dramatic functional deficits sometimes 
caused by localized brain lesions. The 
studies reported here may provide the 
basis for reconciliation of what might 
be called the "localizationist" and "anti- 
localizationist" views of brain function. 

In a series of publications (5-8) we 
have provided evidence that the evoked 

potential contains components which 
reflect the release of memories activated 

by afferent input as well as the direct 

impact of that input upon the electrical 

activity of a brain region. These two 
kinds of processes have been respec- 
tively identified as "endogenous" and 

"exogenous." In this report we describe 
a set of procedures that has enabled us 
to quantify the contribution of endog- 
enous processes to the average evoked 

potentials (AEP's) recorded from a brain 

region. Because the effects we wanted to 
detect might well constitute weak con- 
tributions to the AEP, easily obscured 

by the effects of noise and variability 
in the processes, our procedures were 

designed to evaluate the statistical fea- 
tures of a very large amount of data 
so that we would be able to detect even 
weak effects. 

Eighteen adult cats were trained to 
differentiate between light stimuli flick- 

ering at two different frequencies, V1 
and V2. The conditioned responses, CRi 
and CR2, were approach-approach for 
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4 cats, avoidance-avoidance for 3 cats, 
and approach-avoidance for 11 cats. 

Lever-pressing responses were used in 
some cats, and hurdle-jumping in 
others. Instrumental shaping and obser- 
vational training (9) were used. Cue 

frequencies ranged from one to eight 
flashes per second. Flicker was deliv- 
ered from a silent fluorescent tube 
mounted in the top of a dimly illumi- 
nated cage (60 by 60 by 60 cm) with 
a Lucite work panel in one wall and a 

grid floor. Evoked potentials were re- 
corded from 34 electrodes permanently 
implanted in each cat (10). After peri- 
ods of overtraining ranging from 6 
months to 7 years, evoked potentials 
were recorded during several long ses- 
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sions in which the cats were subjected 
to differential behavioral generalization: 
a novel flicker stimulus, V3, whose fre- 

quency was intermediate between V1 
and V2, was occasionally interspersed 
within a random sequence of the con- 
ditioned stimuli, V1 and V2 (8). 

Six kinds of behavioral responses, and 
the corresponding six classes of AEP's 
were obtained from these sessions: cor- 
rect responses to V1 (V1CR1), erroneous 
responses to V1 (V1CR2), correct re- 
sponses to V2 (V2CR2), erroneous re- 

sponses to V2 (V2CR1), generalization 
in which the animal responded to the 
novel stimulus V3 as though it were 
V1 (V3CR1), and generalization in 
which the animal treated V3 as though 
it were V2 (V3CR2). 

Because evidence exists that some 
interactions among evoked potentials 
are approximately linear (5, 11), we as- 
sumed that the constituent exogenous 
and endogenous processes were separa- 
ble by algebraic manipulation. The exo- 
genous and endogenous processes pos- 
tulated to be present in the AEP's 

Fig. 2. Distribution of correlation coeffi- 
cients between exogenous (A and B) and 
endogenous (C and D) residual wave- 
shapes, computed according to the equa- 
tions shown in Table 2. (A and C) 
Distributions obtained from data derived 
from monopolar leads; (B and D) from 
data derived from bipolar leads. (E) Dis- 
tribution obtained by performing the same 
algebraic manipulations on waveshapes 
randomly selected from the records ob- 
tained from each derivation. Beside each 
histogram, N+ denotes the number of 
correlation coefficients with positive sign 
and N- those with negative sign. P values 
represent the exact probability of obtain- 
ing the observed distributions from a 
symmetrical population with zero median. 
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Table 1. Equations representing the exogenous and endogenous processes corresponding to six 
stimulus-response contingencies. The symbols V1, V2, V3 denote exogenous processes corre- 
sponding to the three different flicker stimuli. The expressions in parentheses denote endogenous 
processes. The arrows, as in (V1 -> CR1), for example, indicate that the stimulus V1 means 
CR1, that particular stimulus-response contingency having been learned. 

Trials resulting in CRi Trials resulting in CR2 

VICR V+ (V - C V1CR2 + (V - CR VCR V + (V CR2) 
V2CR1 = V2 + (V1 - CR,) V2CR2 = V2 + (V- -> CR2) 

V3CR, = Va + (V1 - CRi) VaCR2 = V3 + (V - CR2) 

corresponding to the six stimulus-re- 
sponse contingencies are represented 
by the equations shown in Table 1. If 
we assume that the AEP's are com- 

posed of the sums of exogenous and 
endogenous processes indicated in 
these six equations, then six repre- 
sentations of exogenous processes and 
three representations of endogenous 
processes can be independently con- 
structed by carrying out the algebraic 
manipulations shown in Table 2. These 
nine equations show that algebraic ma- 
nipulation of independently obtained 
AEP's yields three pairs of identical 
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residuals of exogenous processes, that is, 
Eq. 1 = Eq. 2 = V1-V2; Eq. 3 = Eq. 4 
= V1-V3; Eq. 5 -= Eq. 6 = V2-V3, and 
three identical residues of endogenous 
processes, that is, Eq. 7 = Eq. 8 = Eq. 
9 = (V1 -> CR1)-(V2 - CR2). If, in fact, 
the stimuli V1, V2, and V3 and the 
decision-making processes resulting in 

performance of CR1 and CR2 were 

represented by separable time-locked 
neural activity in the AEP, then the 

putatively identical residual waves that 
would result from our performing the 
indicated operations on AEP's from 
trials with the appropriate stimulus- 

response contingencies should have 
similar shape. Thus, the cross-correla- 
tion coefficients between the various 
appropriate residual waveshapes pro- 
vide a quantitative scale which rep- 
resents the variance in the AEP's 
recorded from a given brain region con- 
tributed by stimulus-related exogenous 
and memory-released endogenous pro- 
cesses. 

We have applied these operations to 
all the data obtained from the 18 
trained cats during a total of 79 ex- 
perimental sessions in which the cats 
were subjected to differential generaliza- 
tion. Figure 1 illustrates typical AEP's 
recorded from trials representing the 
six possible stimulus-response con- 
tingencies and shows the three pairs of 
exogenous residuals and the three en- 
dogenous residuals computed according 
to the equations shown in Table 2. The 
numbers to the right of the residuals 
show the Pearson product moment cor- 
relation coefficients computed between 
the bracketed residual waves. There is 

MEAN CORRELATION BETWEEN EXOGENOUS RESIDUALS 

Fig. 3. Mean correlation coefficients between exogenous residuals plotted against those between endogenous residuals for different 
brain regions. Brackets indicate one standard error. (Bipolar derivations) AUD, auditory cortex (N = 38, 8 cats); HIPP, hip- 
pocampus (N = 49, 14 cats); LG, lateral geniculate (N = 81, 16 cats); MG, medial geniculate (N 65, 14 cats); MRF, 
mesencephalic reticular formation (N = 54, 16 cats); VIS, visual cortex (N = 77, 16 cats). (Monopolar derivations) AUD, 
auditory cortex (N = 103, 16 cats); CL, nucleus centralis lateralis (N= 47, 10 cats); DENT, dentate (N = 25, 5 cats); HIPP, 
hippocampus (N = 62, 16 cats); HYPO, hypothalamus (N = 27, 6 cats); LG, lateral geniculate (N =124, 18 cats); MD, nucleus 
medialis dorsalis (N = 32, 5 cats); MFB, medial forebrain bundle (N = 24, 6 cats); MG, medial geniculate (N = 89, 16 cats); 
MOT, motor cortex (N = 22, 4 cats); MRF, mesencephalic reticular formation (N = 91, 18 cats); NUCRET, nucleus reticularis 
(N=-26, 5 cats); PREPYR, prepyriform cortex (N=24, 4 cats); SMC, sensorimotor cortex (N = 29, 4 cats); SN, substantia 
nigra (N = 25, 9 cats); ST, nucleus subthalamus, N =24, 5 cats); VA, nucleus ventralis anterior (N = 22, 9 cats); VIS, visual 
cortex (N = 105, 18 cats). N denotes the number of independent measurements; data were included only from regions from which 
more than 20 independent measurements were available. 

766 SCIENCE, VOL. 181 



Table 2. Equations representing independently obtained AEP's manipulated to yield three pairs 
of identical residuals of exogenous processes and three identical residuals of endogenous 
processes. 

Eq. Trial Processes 
No. outcomes represented in AEP's eua 

Table 2. Equations representing independently obtained AEP's manipulated to yield three pairs 
of identical residuals of exogenous processes and three identical residuals of endogenous 
processes. 

Eq. Trial Processes 
No. outcomes represented in AEP's eua 

1 VLCRi - V2CR, = [V, + (VI-> CR)] - [V2 + (V, - CR,)] 
2 VCR, - V2CR, = [V, + (V-> CR,2) - [V + (V -> CR,)] 
3 V,CRx - VaCR, = [VI + (V-> CR,)] - [Va + (V--> CR,)] 
4 VaCR,- VaCR. = [V1 + (V2-- CR2)] - [V + (V ->CR2)] 
5 V2CRI - VsCR, = [V, + (V,- CR)] - [V + (V, -CR,)] 
6 VC%,- VaCR 2 - [V2 + (V CRa ) [V3 + (V2-- CRI)] 

1 VLCRi - V2CR, = [V, + (VI-> CR)] - [V2 + (V, - CR,)] 
2 VCR, - V2CR, = [V, + (V-> CR,2) - [V + (V -> CR,)] 
3 V,CRx - VaCR, = [VI + (V-> CR,)] - [Va + (V--> CR,)] 
4 VaCR,- VaCR. = [V1 + (V2-- CR2)] - [V + (V ->CR2)] 
5 V2CRI - VsCR, = [V, + (V,- CR)] - [V + (V, -CR,)] 
6 VC%,- VaCR 2 - [V2 + (V CRa ) [V3 + (V2-- CRI)] 

Exogenous processes 
=- V1 -V., 
= V1- Vo = Vi- V, 

= V - V3 

= V- V3 

Exogenous processes 
=- V1 -V., 
= V1- Vo = Vi- V, 

= V - V3 

= V- V3 
Endogenous processes 

7 VlCRI - VCR2 = [V, + (V1-> CRI)] - [V, + (V,-> CR,)] = (V -> CRI) - (V- CR2) 
8 V2CRI - V2CR2 = [V2 + (V,-> CR)] - [V2 + (V2 --CR)] = (V -> CRI) - (V2 - CR2) 
9 VsCR, - VsCR, = [V,3 - (V1 -> CR) ] - [V +- (V, -> CR) ] = (V, -> CRI) - (V2 -> CR2) 

Endogenous processes 
7 VlCRI - VCR2 = [V, + (V1-> CRI)] - [V, + (V,-> CR,)] = (V -> CRI) - (V- CR2) 
8 V2CRI - V2CR2 = [V2 + (V,-> CR)] - [V2 + (V2 --CR)] = (V -> CRI) - (V2 - CR2) 
9 VsCR, - VsCR, = [V,3 - (V1 -> CR) ] - [V +- (V, -> CR) ] = (V, -> CRI) - (V2 -> CR2) 

a high correspondence between residuals 
representing hypothetically similar pro- 
cesses. 

Figure 2 shows that the histograms of 
correlation coefficients representing hy- 
pothetically similar processes are 
markedly skewed to the right, while the 
distribution of correlation coefficients 
between randomly selected AEP's is 
symmetrical around zero. These results 
indicate that the hypothetically similar 
residuals predicted by the equations 
did in fact exist, supporting the conten- 
tion that the postulated separable exog- 
enous and endogenous processes were 
present in the AEP's recorded under 
these circumstances. 

Figure 3 shows, for numerous ana- 
tomical regions, the results obtained by 
plotting the mean correlations between 
the residuals due to exogenous influ- 
ences against the mean correlations be- 
tween residuals due to endogenous in- 
fluences. These data reveal a hierarchi- 
cal organization in the representation 
of exogenous and endogenous processes 
in different structures and suggest that 
a logarithmic relationship exists be- 
tween these two different processes in 
any given brain region. 

Evidence that endogenous influences 
represent the readout of specific mem- 
ories and are not to be attributed to 
nonspecific factors has been presented 
elsewhere (7). This evidence was ob- 
tained from several experiments in each 
of which a group of animals provided 
a control for a particular nonspecific 
factor. Results from all these experi- 
ments were subsequently combined to 
provide the largest possible amount of 
data on which to base the statistical 
computations described herein. Al- 
though examination of the data from 
each control group revealed no clearly 
apparent contradiction to the relation- 
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ship illustrated in Fig. 3, the possibility 
of heterogeneous variance among these 
groups has not been excluded. 

These findings suggest that the rep- 
resentation of an experience, the en- 
gram, is widely distributed throughout 
the neuraxis. This diffuse representation 
of the engram might explain the resist- 
ance of memories to lesions and might 
underlie the phenomena that led Lash- 
ley to the formulation of the laws of 
mass action and equipotentiality. On the 
other hand, the data show that the 
participation of an anatomical region 
in the representation of an experience 
is logarithmically proportional to the 
impact of those sensory events upon 
that region. The great quantitative range 
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spanned by these data may explain why 
severe specific functional deficits are 
sometimes caused by localized lesions 
in some structures but not in others. 

F. BARTLETT 
E. R. JOHN 
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Department of Psychiatry, New York 
Medical College, New York 10029 
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Operant-Controlled Evoked Responses: Discrimination of 
Conditioned and Normally Occurring Components 

Abstract. Rats were rewarded for signaling large and small sensory evoked com- 
ponents with appropriate bar presses. Most rats operantly generated large compo- 
nents and correctly signaled only these. Two rats correctly signaled successful and 
unsuccessful attempts to generate large waves. One rat discriminated component 
amplitudes without operantly attempting to generate specific wave types. 

Operant-Controlled Evoked Responses: Discrimination of 
Conditioned and Normally Occurring Components 

Abstract. Rats were rewarded for signaling large and small sensory evoked com- 
ponents with appropriate bar presses. Most rats operantly generated large compo- 
nents and correctly signaled only these. Two rats correctly signaled successful and 
unsuccessful attempts to generate large waves. One rat discriminated component 
amplitudes without operantly attempting to generate specific wave types. 

Operant conditioning of sensory 
evoked components has been frequently 
reported (1, 2). The phenomenon in 
humans and subhumans is not trivially 
mediated by changes in receptor orien- 
tation or by execution of discrete 
skeletal responses (1, 2). It has been 
assumed that organisms control their 
neural activity by learning to discrimi- 
nate and generate familiar psychologi- 
cal states whose neural correlates are 
the reinforcement-specified changes (1). 
Such a view suggests that organisms 
should be able to discriminate differ- 
ences in a conditionable neural param- 
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eter, since operant conditioning of the 
neural event hypothetically proceeds by 
the organism's first learning to discrim- 
inate the reinforced event from other 
events. We explored this possibility by 
reinforcing rats for correctly signaling 
the size of a flash-evoked cortical com- 
ponent with an appropriate bar press. 
It was found that such discrimination 
behavior can be acquired, although 
rarely in the absence of attempts by 
the animals to generate particular kinds 
of evoked potentials. 

Discrimination of neural events has 
been previously reported (3). In this 
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