Fig. 2. Pretectal unit correlating with con-
striction. Same display as in Fig. 1. Time
for all traces and stimulus amplitude can
be calibrated by noting that the light stim-
ulus changes from 0.001 to 1 mlu/m?* for
2.5 seconds every 5 seconds. The fourth
trace can be calibrated as above by noting
that the last response changes from a di-
lated base line (really a peak) of 17 mm?®
to a constriction level of 10 mm?®.

light stimulation. The contralateral or
ouptut eye was illuminated with in-
frared light, and a photodiode was posi-
tioned 1 cm in front of the responding
pupil. The photodiode responded sensi-
tively to variations in reflected infrared
light from the iris of the output eye (3),
and the resultant signal in pupil area
was then amplified with a d-c coupled
device. Electrodes of insulated (Insl-X)
tungsten wire were used for extracel-
lular recording (4). The electrode path
was determined stereotaxically with the
result that both neural and pupillary
records were taken from the same side
of the animal. The electrodes were ad-
vanced by means of a hydraulic system,
and recording sites were coagulated
with direct current. With the aid of
histological verification, stimulation and
recording sites were determined for 32
units in the pretectal area and for 41
units in the anterior oculomotor nucleus
and oculomotor tract. Records of light
flux input, pupil area, and single-unit
activity were recorded on a tape re-
corder and on the digital computer for
subsequent analysis.

Our results demonstrate that oculo-
motor units in the cat generate spike
trains which, when integrated on a
simple lag circuit, correlate with the
light-driven response in pupil area and
with the noise of the pupil area (noise
denotes all pupil fluctuations not driven
by the light stimulus). The activities of
these midbrain neurons correlate with
either pupillary dilatation (firing rate in-
creases as pupil area increases) or
with pupillary constriction (firing rate
increases as pupil area decreases).
The iris-muscle response of the pupil
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occurred after the nerve train with
a delay of approximately 200 msecs;
and direct stimulation of ciliary nerve
endings also show this 200-msec delay
for iris muscle (5). Figure 1 shows the
unit activity. recorded from the oculo-
motor nucleus. These units exhibited
fairly regular spontaneous activity rang-
ing from 8 to 20 pulse/sec. A total
of eight dilatation-correlated oculo-
motor units were found. In three of the
units found, the area adjacent to the
unit was investigated by focal electrical
stimulation with the same recording
electrode being used. Pupil responses to
electrical pulse trains (30 pulse/sec,
2 pa) were always the same as that
seen during high firing rates of the par-
ticular unit during stimulation with
light. Sometimes focal stimulation of the
oculomotor area resulted in constric-
tion of the pupil; no data on single units
was obtained with the results of this
type of stimulation. Only two question-
able single units for constriction were
observed at all.

Most single-unit activity recorded
from the pretectal area exhibited a re-
sponse pattern similar to those of the
optic nerve and lateral geniculate body,
namely, “on” (nine units), “off”” (five
units), and “on-off” (12 units) (6).
Figure 2 shows the activity of such a
unit correlated with the constriction
phase of the recorded response of the
pupil area.

Almost all units in the pretectal area

responded to light; however, sponta-
neous activity from many units in the
oculomotor region (approximately 31)
did not appear to correlate with either
the light stimulus or pupil area. These
units characteristically maintained regu-
lar spontaneous activity; it is possible
that they are associated with the lens
accommodation system, the nictitating
membrane, or even with extraocular
motor neurons, all of which would pre-
sumably have no direct sensory input
from the visual pathway.
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Discrimination Learning as the Summation of

Excitation and Inhibition

Abstract. Pigeons received either excitatory, inhibitory, or combined excitatory
and inhibitory (intradimensional) training to discriminate line-tilt stimuli. Algebraic
summation of relative-generalization gradients obtained after separate excitatory
and inhibitory training sessions was used to predict characteristics of gradients
after intradimensional training. The good agreement between obtained and pre-
dicted gradients provided support for gradient-interaction theory.

After an organism learns to make a
response to one value along a stimulus
dimension and to withhold response to
another stimulus value, the organism
may then be tested with entirely new
values in order to determine the stimu-
lus properties which controlled per-
formance on the original discrimina-
tion. Pavlov (I) discussed behavioral
outcomes from such experiments in
terms of two competing cortical proc-
esses, “excitation” produced by the as-
sociation of reinforcement with the pos-

itive stimulus (S+) and “inhibition”
produced by the association of nonre-
inforcement with the negative stimulus
(S—). Pavlov’s interpretation was vague
and overspeculative in its actounts of
brain function, but in 1937 Spence pro-
posed a more specific and testable the-
ory of discrimination learning by treat-
ing the concepts of excitation and in-
hibition in an essentially nonphysio-
logical manner (2). This theory posited
a summation of separate stimulus-
generalization gradients - of excitation
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SUCCESSIVE PHASES

PHASE 1 PHASE 2 ‘ PHASE 3 PHASE 4
GENERALIZATION GENERALIZATION
GROUP & TEST TEST.
{PRE-EXCITATION (LINE - TILT) (LINE = TILT)
TRAINING) “GRADIENT “POSTDISCRIMINATION
OF / GRADIENT"
St - EXCITATION” St -
GENERALIZATION GENERALIZATION
GROUP 2 TEST TEST
{PRE-INHIBITION (LINE - TILT) (LINE = TILT)
TRAINING) *GRADIENT *POSTDISCRIMINATION
_OF GRADIENT"
P 5- INHIBITION ™ St S
GENERALIZATION GENERALIZATION
GROUP 3 TEST TEST
{INTRADIMENSIONAL (LINE ~ TILT) . (LINE = TILT)
DISCRIMINATION “POSTDISCRIMINATION “POSTDISCRIMINATION
TRAINING) GRADIENT® GRADIENT"
S+ S~ S+ S-

Fig. 1. The experimental paradigm for a case where the positive stimulus (S+) is a
vertical line (0°), and the negative stimulus (S—) is a line tilted 30° clockwise
(430°) in the intradimensional discrimination.

and inhibition; two separate habits were
said to interact, producing differential
control of behavior by various new
stimuli after training on an intradi-
mensional discrimination.

Spence’s theory handled the phenom-
enon of “transposition,” which Gestalt
psychologists had claimed was due to
the learning of relations between stimuli
rather than to the conditioning of sep-
arate habits to positive and nega-
tive stimuli (3). The basic logic and
assumptions of Spence’s approach were
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extended to other aspects of discrimina-
tion learning, for example, by Hull (4),
and are still influential (5).

A major impediment to the develop-
ment and precise evaluation of this type
of theory has been the hypothetical or
arbitrary nature of the postulated gen-
eralization gradients. Spence himself
noted this weakness: “The selection of
the curves of generalization has been
more or less arbitrary, as little evidence
bearing on the problem is available” (2).
A variety of empirical methods for ob-
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DEGREES OF TILT

Fig. 2. Absolute group gradients of excitation, inhibition, and postintradimensional
discrimination for three separate experiments differing in the distance between the line-
tilts used as positive stimulus (S-+) and negative stimulus (S—). The values for S4 and
S— in each experiment are indicated by arrows on the abscissa. Data points above
“B” at the extreme right of each set of gradients display the mean total responses
to the blank stimulus throughout the entire generalization test.
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taining excitatory, inhibitory, and intra-
dimensional gradients has since been
developed, particularly by students of
operant behavior (6). The experiments
reported here combine some of these
new techniques within a single paradigm
permitting an experimental analysis of
excitation and inhibition as well as a
quantitative evaluation of some specific
implications of the gradient-interaction
approach.

This paradigm is illustrated in Fig. 1.
Before phase 1, White Carneaux pigeons
(seven to nine subjects in each group),
maintained at 75 percent of their free-
feeding weights, learned to peck a key
for reinforcement with grain on a varia-
ble-interval schedule for seven 40-min-
ute sessions (7). This preliminary phase
provided a base line for later evaluation
of contrast effects (8). The positive
stimulus (S in phase 1 of Fig. 1) was
present on the key during all stimulus-
on periods, which lasted 30 seconds and
were separated by 10-second blackouts
throughout the entire experiment.

The only differences in treatment of
the three groups in Fig. 1 occurred in
phase 1. The birds in group 1 were
trained on a successive discrimination in
which they were rewarded on a 1-
minute variable-interval schedule in
the presence of a black vertical line
(S+) on the white key and were given
no reinforcement in the presence of a
blank white key (S—); there was a mixed
order of presentations of 30 positive and
30 negative stimuli in each 40-minute
session. Thus, this group received
excitatory training to a value on the
line-tilt dimension. The birds in group
2 received variable-interval reinforce-
ment in the presence of the blank key
but were not rewarded in the presence
of a line tilted 30° clockwise from the
vertical axis; thus, this group received
inhibitory training to a value on the
line-tilt dimension. The birds in group
3 were given variable-interval reinforce-
ment in the presence of a vertical line
on the key (just as for group 1) but
were not rewarded in the presence of a
30°-tilted line, just as for group 2; thus,
group 3 received both excitatory and
inhibitory training along the line-tilt
dimension, unlike groups 1 and 2 which
received either one or the other. Since
the blank key is presumably orthogonal
to values along the line-tilt dimension,
training with the blank in groups 1 and
2 should not differentially affect re-
sponding to any specific values along
that dimension..

Each subject remained on its respec-
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tive phase 1 until it attained a predeter-
mined criterion of discrimination; re-
sponse rate in S— throughout a given
session had to be less than 10 percent
of response rate S+. On the day after
reaching criterion, each bird received a
test for generalization with no reinforce-
ment possible. Six different line orienta-
tions (30° apart), and the blank key,
were presented in each of 12 random-
ized blocks, and the total number of re-
sponses to each stimulus value was
recorded. Thus, group 1 provided an
excitatory line-tilt gradient around
S+, group 2 provided an inhibitory
line-tilt gradient around S—, and group
3 provided a line-tilt gradient which was
presumably some combination of the
two.

Phase 3 began on the next day. Birds
in groups 1 and 2 received training to
a 10 percent discrimination criterion
on the intradimensional task that group
3 had already mastered in phase 1.
Birds in group 3 continued on the same
discrimination, for a time approxi-
mately yoked to the number of sessions
required for the other groups to reach
criterion. On the next day each sub-
ject was given another test for general-
ization (9).

As a test of gradient-interaction
theory, the difference between S+
and S— was varied in three separate ex-
periments. Because of the presumed
greater overlap of excitatory and inhib-
itory gradients, a discrimination involv-
ing a small difference between S+ and
S— should take longer to master than
discriminations involving relatively large
differences. The theory also predicts that
marked shifts in distribution away from
S— in gradients after intradimensional
training should be most likely to occur
when S+ and S— are close to each
other (0). The line-tilt of the positive
stimulus was always vertical (0°), but in
different experiments S— was either
=+ 90° (horizontal), — 60° (a line
tilted 60° counterclockwise), or + 30°
(a line tilted 30° clockwise). Each of
these three separate experiments fol-
lowed the paradigm ilustrated in Fig.
1 for the experiment in which the angle
was + 30°.

Birds in group 3 required a median
of 4.0 days to reach criterion during
phase 1 for either the 90° or 60° dif-
ference, but took 12.0 days when the
difference between S+ and S— was
small (30°). Thus the difficulty of the
discrimination was inversely related to
the physical difference between S+ and
S—. A more critical test of gradient-
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interaction theory involves data from the
generalization tests of phase 2, that are
displayed in the form of absolute
gradients in Fig. 2 for the three experi-
ments.

As theory requires, all simple excita-~
tory gradients showed maximum re-
sponding at positive stimulus, all simple

inhibitory gradients showed minimum

responding at the appropriate negative
stimulus, and the postdiscrimination
(intradimensional-training) gradients ex-
hibited distribution shifts in the direc-
tion and relative amount predicted by
theory. However, all postdiscrimination
gradients showed higher absolute levels
of response in the region of S+ than
did the corresponding excitatory gradi-
ent; this effect was greatest in the ex-
periment involving the small, 30°
separation. These findings do not sup-
port the strict theory of Spence and
Hull, who predicted an intradimensional
gradient everywhere below the excita-
tory gradient, due to the weakening
effect of inhibition all along the com-
bined gradient. As Terrace and Rey-
nolds pointed out (6, 8), Spence and Hull
did not consider the phenomenon of
behavioral contrast during operant dis-
crimination learning (that is, increased
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response strength to S+ during the ac-
quisition of a discrimination), which
invalidates their predictions about ab-
solute response levels in this behavioral
situation.

Nevertheless, the theory probably
ought not to be evaluated in its strictest
sense only. Perhaps measures of relative
generalization that equate for absolute
differences in the various gradients
permit a clearer test of its major predic-
tions. There is some suggestion (11)
that behavioral contrast is not a
stimulus-specific phenomenon, and thus
its contaminating influence on absolute
response levels might not be importantly
reflected in relative scores.

The relative-generalization graphs of
Fig. 3 display empirical relative excit-
atory and inhibitory gradients, with each
value in Fig. 2 expressed as a percentage
of the total responses on its respective
gradient. The excitatory gradients in
Fig. 3 combine data from all experi-
ments, since the treatment was exactly
the same in phases 1 and 2 for group
1 in the three experiments. The inhibi-
tory gradients are displaced downward
along the ordinate from their actual
percentage values; minimum inhibition
(maximum responding) in each group
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Fig. 3. (Left) Relative gradients of excitation (open circles) and inhibition (filled
circles) calculated from the corresponding absolute data of Fig. 2. The numerical
values alongside the vertical lines between each set of gradients represent the algebraic

sum of the two points which the particular line connects.

(Right) Actual (solid

lines) postintradimensional discrimination gradients (PDG) of relative generalization,
calculated from the corresponding absolute data of Fig. 2, compared with PDG (dashed
lines) derived from the calculations of algebraic summation (above left).
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2 was arbitrarily set at zero and other
scores were plotted in a negative direc-
tion below zero. In similar fashion to
Hull’s treatment of hypothetical sum-
mation curves (4), these empirical ex-
citatory and inhibitory gradients were
algebraically summed, yielding the nu-
merical values that are given in the
left-hand graphs and plotted in the “de-
rived”  postdiscrimination  gradients
(PDG) on the right-hand side of Fig. 3.

The agreement between the shapes
of the derived and actual relative
PDG’s was good for all three amounts
of stimulus separation, with the excep-
tion of the discrepancy at S+ for the
separation experiment of 30° (12). As
a measure of the amount and direction
of shift in distribution, the ratio of
total scores on the right side of S+
to total scores on both sides of S+ was
calculated for each actual and derived
gradient. To avoid complications aris-
ing from negative values, a constant
was added to every score in each de-
rived gradient, so as to make the corre-
sponding derived and actual gradients
coincide at the minimum value in the
actual gradient. These calculations re-
vealed that there was only a minor
shift to the right when S— was == 90°
(57.6 percent of the total scores were
on the right side of the gradient for the
actual PDG and 55.5 percent for the
derived PDG, as compared to 50.9
percent for the excitatory gradient), a
larger shift to the right when S— was
== 60° (73.1 percent lay on the right
for the actual PDG and 64.7 percent
for the derived PDG), and a very
large shift to the left when S— stim-
ulus was -+ 30° (19.3 percent lay on
the right for the actual PDG and
24.2 percent for the derived PDG).
The directions of these shifts and the
rank orders of magnitudes of shifts in
the three experiments were thus ex-
actly the same for the actual and de-
rived measures.

The above paradigm seems a promis-
ing framework for studying the empiri-
cal relations among excitatory, inhibito-
ry, and intradimensional-discrimination
gradients. Moreover, such gradients
may replace the hypothetical or arbi-
trary ones often used to test gradient-
interaction theories like that of Spence
and Hull. The elegance and generality
of this type of theory, which may be ex-
tended (/3) to cover such phenomena
as overtraining effects, errorless learn-
ing, peak-shift and stimulus-intensity
dynamism, classical conditioning, and
avoidance learning, seem sufficient rea-
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sons for justifying thorough empirical
tests. Perhaps more sophisticated mathe-
matical transformations of the obtained
excitatory and inhibitory gradients, in-
stead of the simple relative measures
used in Fig. 3, would yield even more
accurate predictions of differential stim-
ulus control after intradimensional
training (/4). In any event, the gradient-
interaction approach seems a valuable
way to analyze intradimensional-dis-
crimination learning, and this study
indicates the feasibility of a direct at-
tack on some of the assumptions and
implications of this type of theory.
Erior HEARST*
Department of Psychology,
University of Missouri, Columbia
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Mosaic Unit Ruler

The sequence of ratios that Moore
has observed (I) in the dimensions
of ancient Greek and Roman floor
mosaics (known to mathematicians as
the Fibonacci numbers) might be in-
corporated more economically in a
ruler marked only (in units of 1.197 cm)
at 0, 1, 2, 5, 13, 34, and 89. The other
observed lengths, except for the extra
one of 18 units (21.6 cm), would then
be included as the distances between
different pairs of marks on the ruler. An
alternative would be a shorter ruler,
with marks at 0, 1, 3, 8, 21, and 55, in
which case the length of 18 units would
be included (= 21 —3), while the length
of 89 units (106.5 ¢cm) would have to
be obtained as the sum of 55 and 34,
by placing the ruler twice.

RoBerRT L. MILLs
Department of Physics,
Ohio State University, Columbus
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Holoclemensia Instead of Clemensia

It has been brought to my attention
that Clemensia, the name I proposed
(1) for an Albian (Middle Cretaceous)
didelphid marsupial, is preoccupied by
Clemensia Packard of the Lepidoptera
(2). 1 therefore replace Clemensia
Slaughter with Holoclemensia Slaughter,
1968,

Bos H. SLAUGHTER
Shuler Museum of Paleontology,
Southern Methodist University,
Dallas, Texas 75222
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