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present latencies to permit evaluation of the relative "primacy" of
these conditioned responses.

If one assumes that learning "involves the rerouting of nerve
impulses within the central nervous system...new pathways become
available to incoming excitation;" (Burns, 1957), then after training
the excitation would take an old pathway up to a point and then be
routed into a new functional one which might consist of several steps.
Synaptic connections between the old pathway and the first step of the
new one might be altered in a variety of ways by the training proce-
dure, while further connections from step one of the new pathway to
successive steps need not be affected. '"Conditioned brain responses'
would appear however in the neuronal activity at all the successive
steps because the excitation of elements at step one would initiate a
progression of excitation along the chain. The present study attempted
to differentiate between the neuronal activity at step one and that at
later steps. Temporally, the new responses at step one would precede
the later ones in the chain of events from stimulus to response. The
shortest latency conditioned brain responses might be considered to be
"at more primary sites" of conditioning, while other later conditioned
responses would be considered to be more likely (but not necessarily)
secondary to them. It is possible that some of'the longer latency
conditioned responses might also be at primary sites of change, but
the present method does not allow distinctions to be made between
primary and secondary conditioned responses when these both occur late

in the CS-US interval. It might be possible to separate primary from
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secondary responses in this pool of elements on the basis of when in
the trial sequence (the "learning curve") the conditioned response
develops. A long latency response that developed early in conditioning
before any shorter latency ones had appeared might be considered as a
primary change necessary for conditioning because its latency was the
shortest at the time when it first appeared.

In the present study there was little difference between brain
regions in the number of trials necessary for development of the
conditioned response, and therefore a detailed analysis could not be
made. However, the '"earliest learning" in the brain stem did
characterize a narrow region in the anterior pons. When the present
data are compared with that from other studies (Disterhoft and Olds,
in preparation; Segal and Olds, in preparation) a sequence of develop-
ment of learned responses emerges. Conditioned unit responses appeared
first in the pons, second in the thalamus and dentate gyrus, third in
sensory cortex and CA3 of hippocampus, and fourth in motor cortex and
CAl of hippocampus.

The present study combined latency and mapping approaches in an
attempt to map the latencies of the conditioned responses within the
brain stem. This method indicated certain regions of the ventral
brain stem as "significant sites" where specific changes might occur
during conditioning. The results however, provide only a first step
toward elucidating the regions actually involved in the learning
process. A finer grain time analysis would permit a more definite

identification of the earliest conditioned responses. A more complete
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map of the brain stem with particular emphasis on the ventral regions
would be most helpful in clarifying the areas involved. The next step
must be to find whether some critical change elsewhere is projected to
the recording point and could account for the short latency conditioned
responses. First, the latency refinements (smaller time bins) will
permit an answer to the question of‘whether other learned events
triggered by the stimulus precede the responses recorded in the ventral
brain stem and are projected to these points. Second, analysis of
changes in tonic unit activity during learning must be mapped to
determine whether relevant activity could be projected to these points
by units whose changes in background rates actually constititute the
"memory trace."

It is worth noting that if changes in background firing rates
actually account for the short latency conditioned responses, then
these tonically active elements must have very specialized character-
istics. They will not be "turned on" by the auditory stimulus, by
arousal, by the behavior, or by the reinforcement. All of these
aspects of the experiment were identical during pseudo-conditioning
and conditioning. They must therefore be "turned on" by the specific
association of the auditory stimulus with reinforcement. In addition,
these elements will not be acting in a general manner. This is
because they would not act equally on the response to the CS-. In
almost every case the response to the CS+ was larger than the response
to the CS-. Thus they would be elements triggered or accelerated by

the association of a particular auditory stimulus with reinforcement.
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They would reflect back selectively to facilitate or withdraw inhibi=-
tion from particular synaptic channels specialized for carrying one
auditory message to the exclusion of others. Finally, they would be

elements that had discharge rate as a "settable parameter," at least
for a given context or enviromment. .

Further corroboration of my results could come from studies
involving discrete lesions. If lesions between reticular areas and
their cortical afferents did not abolish the phenomena, then it would
be less likely that they resulted from dynamic changes occurring
elsewhere. Studies employing presentation of stimuli in different
modalities, each serving as the CS for the same response (or presenta-
tion of the same stimulus modality as the CS for a different response),
are required to indicate the extent to which the conditioned unit
responses were related to the stimulus and response components of the
learning situation.

Theories of learning which assume specific physiological or
anatomical changes have generally suffered from a lack of evidence
for clear neuronal changes or neuronal growth in the central nervous
system of the adult animal. Such changes have usually been observed
in very young animals. Some recent investigations have further
indicated the capacity for change in the central nervous system of
young animals as a result of previous experience, and some similar
events have been observed in older animals. Globus and Scheibel (1967)
and Valverde (1967) observed changes in the spines of the apical

dendrites of visual cortex pyramidal cells &s a consequence of early
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visual deprivation. Rosenzweig, et al. (1969) noted increases in both
the weight and depth of visual cortex as a result of living in an
enriched environment. Raisman (1969) reported heterotypical re-
innervation of septal nuclei from persisting intact fibers in the
de-afferented area, demonstrating the existence of "new" synaptic
connections formed in the adult central nervous system. Fifkova (1970)
has more recently reported changes in the volume of the lateral genic-
ulate and the thickness of the visual cortex caused by visual depriva-
tion even when this was instituted after considerable visual experience
during maturation. Although these studies did not prove that specific
physiological or anatomical changes occurred as & result of a particu-
lar learned association, they did indicate that changes could occur
in the adult central nervous system as a result of experience.

While the present method identified regions where changes in the
unit activity occurred as a function of conditioning experience, it
did not indicate the mechanism underlying the change or the way in
which this mechanism was controlled. Such information will hopefully
be developed by further studies of the electrophysiology, pharmacology,
and fine anatomy of the critical regions implicated by the present
kind of mapping experiments. However, as Horridge (1968) has pointed
out’"The ultimate validation of the claim that any observed change is
the cause of learning is to impose it artificially and produce a
behaviour change."

We are at the beginning of a new phase in the study of the

mechanisms underlying the learning process. It is hoped that a com-
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bination of approaches will enable us to understand these pervasive,

yet elusive processes.
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APPENDIX I

Early Response Analysis

1) The mean of the background:

100
xb = :E: Xy X, = the average probability of firing in a
A bin over 320 trials
100

b = background

2) The standard deviation of the background:

100
T :E: i xb)2
i=1

100

3) The standardized score (Z score) for a bin:

4) The standardized score for a pair of bins:

L X)) =% g B Wy
iv(i+1) oy i+(i+1) 2
J?E Zi+(i+l) is compared to a sampling

zi+(i+l) s Zi ; Zi+l 2 JE;_ distribution made of pairs of bins in
the background. In order to convert
the single Z scores to Z scores for
pairs of bins, the standard deviation
has to be divided by the square root

of the sample size (2).
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5) The real values of Z were compared to the expected Z score yielding
P < .03, two-tailed. Z values were considered significant when

‘Z, 5 Z p . = =
e - \E—-)-Z(P <03y A 5 e < aa) @ 198 W 2l =215

6) For the first 10 msec bin:

p(Z > 2) < .046, two-tailed

Late Response Analysis

1) The standardized score for a quarter of a second (25 bins):

Xia(141)+.. . +(1420) = X

Ze(141)+, . 4 (1420) = 7
v 25
S 0k it L. MM i -,
i+(i+l)+. .. +(1+24) 25
Z. + 2 $ o + Z
My O Py b L S pe
Zi+(1+1)+...+(i+2h) B 25 oo

Zi+(i+l)+...+(i+2h)‘is compared to a sampling distribution made of
groups of 25 bins in the background. In order to convert the single
Z scores to Z scores for groups of 25 bins, the standard deviation
has to be divided by the square root of the sample size (25).

2) The real values of Z were compared to the expected Z score yielding
P < ,001, two-tailed. Z values were considered significant when

Zypt Bigq Xoeve 2By po o 35 2 %

55 P < ,001)

B e og1) = Le00 (V' 25) = 5.00



SUBJECT

943-3

STRUCTURE

POSTERIOR DIENCEPHALON

zona incerta

zona incerta

H

posterior LHA

MFB

MFB

posterior MFB

posterior HTH nucleus
posterior HTH
mamillothalamic tract
dorsal premamillary nucleus
medial mamillary nucleus
posterior mamillary nucleus

AFNTERIOR MIDBRAIN

central midbrain RF

central lateral midbrain RF
ventral midbrain RF

ventral midbrain RF
ventromedial midbrain RF
medial lemniscus

ventral tegmental area Tsai or
supramanillary decussation
mazillary peduncle

APPENDIX II

Summary of Unconditioned (o) and Conditioned (x) Responses
In Each Interval for Each Probe for the First Two Days of the Experiment

10 msec 20 msec 4O msec 60 msec 80 msec 250 msec 500 msec 750 msec

1000 msec
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(continued)

SUBJECT- SIRUCTURE 10 msec 20 msec AQmsec SO msec RO msec 230 msec 200 msec 750 msec 1000 mseg
ELECTRODE
ANTERIOR MIDBRAIN
8801-3 basal optic tract and nucleus
8921-7 basal optic tract x X
CENTRAL MIDBRAIN
8733-6 superior colliculus o~ ° o x0 x
8293-4 dorsal midbrain RF : x0 x x x x x
8733-3 dorsal midbrain RF ° x0 =0
8294-5 dorsomedial midbrain RF x x x x x x
8680-2 dorsomedial midbrain RF x x x0 =0 =0
8736-2 dorsomedial midbrain RF b x=- b b
8184-6 medial midbrain RF - o= o~
8105-4 medial midbrain RF
8277-6 dorsomedial central gray ° ° ° x x x
8293-5 nucleus darkschewitsch = x x x
8136-3 dorsomedial red nucleus o ° x x x x x
8176-1 dorsolateral red nucleus x x x
8680-7 ventromedial red nucleus x x x x x x
8736-7 ventromedial red nucleus x x x
8431-2 ventral red nucleus
8612-8 medial lemniscus x x =0 x x x x
8437-2 ventral tegmental area Tsai x x x x x
8343-2 ventral tegmental decussation x o X0 xo0 °
9243-5 substantia nigra, zona reticulata o
9195-3 substantia nigra, zona compacta x x
9243-6 mamillary peduncle
9207-3 interpeduncular nucleus x x x x
8183-7 no histology x x x
8200-6 no histology x x
8340-5 no histology x x x x
8340-4 no histology x xo x0
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(continued)
SUBJECT-  STRUCTURE 10 msec 20 msec A0 msec SO msec 2O msec 230 msec 300 msec 7130 mseq  10Q0 mseg

POSTERIOR MIDBRAIN

8277-5 dorsolateral midbrain RF o ] o o o ° ]
8277-4 dorsomedial midbrain RF o o ° o o o ] °
8460-3 dorsomedial midbrain RF =~ x0 xo0 x
8105-6 central midbrain RF ° o o o x0 x0 %0 x0
7967-7 ventromedial midbrain RF o o x0 x0 x0 x0 x0 x0
7967-5 ventromedial midbrain RF ° o ° x x0 x0 =0 x0
8492-5 ventromedial midbrain RF o o~ o~ -0~
8921-5 ventral midbrain RF x x0 x
91954 ventral midbrain RF o x0 x0
8426-7 principal oculomotor nucleus x x x x x
8437-6 rubrospinal tract ° ° x x x x
8492-6 medial lemniscus ° x x x x x x0
8510-6 interpeduncular nucleus o x x x x
81744 no histology x x x x x
ANTERIOR PONS
8437-3 ventrolateral pontine RF x x ° x x x x x
8491-4 dorsolateral pontine RF ] o x0 x0 x0 x x x
8431-6 medial raphe x x x
8736-6 medial raphe x x x
8612-7 superior cerebellar peduncle x x xo0 = x x
8510-3 medial lemniscus ° o x x x x x
8744-6 medial lemniscus x x x x x
8744-5 medial lemniscus " x x o o o o x x =
8817-5 medial lemniscus x x x x x x
9070-5 medial lemniscus x x
9084-5 medial lemniscus or crus cerebri x x x
8402-6 medial lemniscus or crus cerebri o x
9207-5 crus cerebri x x
8984-4 transverse pontine fibers x x x x x x
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SUBJECT-
ELECTRODE,

8431-5
8460-5
8575-3
8575-6
8680-4
8492-4
8176-6
8554-4
8733-4
8402-5
8216-6

8744-4
8733-5
8542-5

8216-4
8437-5
8343-4
8612-5
8612-4
8575-5
8491-6
8575-4

8614-5

STRUCTURE

CENTRAL PONS

dorsal pontine RF

dorsal pontine RF

dorsal pontine RF
dorsomedial pontine RF
medial pontine RF

medial pontine RF

lateral pontine RF

lateral pontine RF

lateral pontine RF
ventrolateral pontine RF
ventrolateral pontine RF or
rubrospinal tract

ventral pontine RF

pontine tegmental nucleus
medial pontine transverse fibers

POSTERIOR PONS

dorsolateral pontine RF

dorsal pontine RF

central pontine RF

central pontine RF

central pontine RF

medial pontine RF

locus coeruleus

decussation of superior cerebellar
peduncle

decussation of superior cerebellar
peduncle

Total number of electrodes with first
significant response in each interval

10 msec 20.msec 40 msec 6O msec 8O msec 230 msec 30 msec 130 msec 1000 mseg

o o
x x0
o x
° x
°
o o
°
x
x
x
x
o x
x
5 6 9

(continued)

Boo

14

10

Hng"

MM MMM

TL



(continued)

significant conditioned response on first conditioning day (p< .03, two-tailed)

o}
n

x = significant unconditioned response on pseudo-conditioning day and first conditioning
day (p< .03, two-tailed)

- = inhibitory response

Abbreviations: Hl = Forel's field Hl; LHA = lateral hypothalamic area; MFB = medial

forebrain bundle; HTH = hypothalamicj; RF = reticular formation
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