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has be@n

animal is given a choice
\ ;0 alternative courses
) benve.el:) (t)::: of which is rewarded
d ofntj‘t,](.)m’d the other never. If the
a'llei ‘are readily discrimina_ble,
:mal will, after a number of trials,
_lop the habit of choosing the re-
ded one. By plotting trials against
. the experimental psychologist
aructs a curve called a learning
;, n that summarizes the course of
animal’s mastery of the problem.

it has been known for some time that
ning functions based on such simple
blems do not differ significantly
o diverse animals; the curves for
onkey and a fish, for example, have
imilar shape. This fact, implying
pe intellectual continuity throughout
e evolutionary hierarchy of animals,
ded to corroborate a theory of an-
al intelligence that prevailed during
e first half of the 20th century.
ccording to this theory, an animal
with tendencies to react in cer-
n ways to certain stimuli—tendencies
ed on inherited neural connections
Ween  sensory and motor systems.
¢ animal’s ability to learn is simply
 ability to modify these connections
) break some and to form others) as
eds and circumstances dictate. Dif-
ences in intelligence from species to
ecies are differences only of degree.
he higher animals can form more con-
fetions than the lower animals because
- better sensory and motor develop-
"' and because their nervous sys-
s afford more elements for this pur-
Se. Hence the evolution of intelligence
Rely entails refining old processes and
L. -2ting old neural equipment.
lf‘Ce'lea\rning was thought to involve
ltatively simjlar processes through-
‘ the eVOl“ti(mary hierarchy it seemed

- "€ was nothing to be gained

an
u Pose ¢

assumed that the
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from studying many different species
and that there was much to be lost
in terms of experimental efficiency. At-
tention became concentrated on 3 few
mammals—primarily the rat—selected
for reasons of laboratory custom or con-
venience and treated as being represent-
ative of animals in general. The num-
ber of animals under study narrowed,
and so did the likelihood of discovering
any differences that might in fact exist.

he investigations T have been con-

ducting for several years with my
associates at Bryn Mawr College were
inspired by the conviction that the
traditional theory called for more criti-
cal scrutiny than it had received. We
began with the knowledge that the
simplest problems would not serve
to reveal distinct modes of intelligence
and different neural mechanisms at work
in various animals. Hoping that experi-
ments based on more complex problems
would point to such differences, we
complicated matters for our test animals
by introducing certain inconsistencies
in reward. Thus we developed several
kinds of experiment on which our di-
verse subjects (monkey, rat, pigeon, tur-
tle and fish) gave diverse performances.
The two I shall describe in this article
are habit-reversal and probability-
learning experiments.

In habit-reversal experiments animals
are rewarded for choosing alternative
A rather than B until a preference for
A has been established, then B rather
than A is rewarded. When a preference
for B has been established, A is again
rewarded, and so forth. Trained in this
way, a rat or monkey shows a steady
improvement in performance. It may
make many errors in mastering early re-
versals, persisting in the choice of pre-
viously rewarded alternatives, but as

intelligence of animals
L evolutionary ladder differs only in degree. N

. als from fish to monkey show that the differe

LLIGENCE

on various rungs
W experiments on

nces are qualitative,

training continues it shifts its preference
more and more readily. A fish, in con-
trast, shows no improvement at all; later
reversals are accomplished no more
readily than earlier ones,

Although the various sensory, motor
and motivational characteristics of the
five species we have been studying call
for different experimental environments,
we have been able to keep certain ele-
ments of the test apparatus analogous.
In each case the animal is confronted
with a pair of translucent Plexiglas
panels on which various colors and pat-
terns are projected from behind, and it
makes a choice by pressing against one
or the other of the panels in its own
way: the fish strikes or bites, the pigeon
pecks, the monkey pushes with its hand,
the turtle or the rat presses with its
head or forefoot or both. A correct
choice is rewarded with food (a Tubifex
worm for the fish, a bit of fish for the
turtle, some grain for the pigeon, a
pellet of sucrose for the rat, a peanut
for the monkey), after which there is
a brief interval of darkness and then
the next choice is offered. If the ani-
mal makes an incorrect choice, there
is a six-second interval of darkness
(called a “time-out”), after which the
correct panel alone is illuminated (a
procedure called “guidance”) and the
animal is rewarded for responding to it.
Guidance after error guarantees that the
animal will not stop responding alto-
gether in the course of a reversal before
it has had a chance to learn that the
previously unrewarded alternative now
is rewarded. The time-out between error
and guidance delays access to the re-
ward and thus penalizes precipitous,
undiscriminating choice. Without the
time-out it would not matter much to
the animal whether its choices were

correct or not.
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FISH IN A DISCRIMINATION TANK is presented with a visual
problem in which the lights projected on two stimulus disks are
differently colored. By pressing its head against the proper disk

: abott
& . jce: the pincers &
the fish triggers an automatic reward device :; worm in?

eyedropper (top right) close, squirting a Tf‘b'f 4 by the 39
tank. The experimental apparatus was designed —
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X Jerimental sequence ‘is
py some simple rela)./ cir-
amre responses are gral)lllcally
yond 100 this introduction of auto-
Ly o removal of the ex-

entir®

ptrol nndi:‘:l gain in objectivity:
id thi:en.o Jonger be influenced
Cgf the experimentfex"s be-
o task of data collection also
4 arduous and can be en-
worker of limited train-
take data from several

imals

ped!
who can

. concurmntly.

siments we employ both
il and visual problems. A spa.tlal
o is one in which the alten-mtwes
] il the eye (that 15,'the
i projected on the two Plexiglas
are the same) and reward is cor-
with the position of the panel.
al Pmblem is one in which the
Jatives Jook different—blue light

light, for example, or a tri-
. and 2 circle—and reward is cor-
. with appearance, regardless of
.on. The results of experiments
.d on spatial and visual problems
pe plotted in comparable fashion,
he two graphs on page 7 indicate.
the experiment that provided the
plotted in the top graph was con-
od with rats. Each animal was given
trials per day and was reversed
enever it made no more than six er-
on any given day. The curve traces
average number of errors made in
mplishing each reversal by the
up of rats tested. It reveals that the
ginal problem (Reversal 0) was mas-
ed with few errors, that the first re-
al was mastered with difficulty and
adjustment to succeeding reversals
progressively less difficult. The bot-
graph shows a similar progressive

ex|

as they were confronted with a
al problem. The plot of average er-
s per reversal points to a stage of in-
asing difficulty followed by a stage of
dy improvement. Both for the pi-
on and for the rat the first reversal is
ally the point of maximum difficulty
patial problems; the point of maxi-
m difficulty tends to occur later in
al problems.
e fish follows a markedly different
- Neither of the two types of
llSec! In our experiments has shown
;14 €ssive improvement in habit re-
’ - ﬁin two  representative experi-
h were tested on spatial and
A problems, and each animal was
°d whenever it made six or fewer
on a given 40-trial day. When

PIGEON MAKING A CHOICE is offered two visually distinct
used in another type of test.) If the correct choice is made,

stimuli. (The center light is
some grain is presented in

d by relay circuitry.

the rectangular opening. The experi

tal

q
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pecking at it (2). Thereafter the pigeo.
with the wrong alternative (3) ora

6

n is shown selecting the proper panel even when faced

change in the position of the correct panel (4 and 5 )s

we plot the regy]tg in
CITOIS per revergy] 1. of
from the origing . Cury, "W
reversal but gthen If);:;bltem tor:}: |
continued training [-?eco d"('line
tions on page 8], “Pper g
Before we can conclyg,

is incapable of improvemee ﬂ.m the
versal, two other possibil?:. '"hik
considered. The firg is th b Mg,
in fact capable of p"°gres;t th
ment, but only afte, More ,;ve 9
higher animals Tequire, T}u-v
seems unlikely; in ey ri e: POy
as many as 150 reversals hgy, iy
yield evidence of improvemenet .
possibility is that the conditj,
which the fish has bee 4o, " '
blame for its Poor showiy,
difference in performance i t(;
not to a difference in Capa_bi]jty ;
an inequality in some Contexty,)
able such as sensory demgpq
demand, degree of hunger o,
iveness of reward.

Nthough the environments We
struct for the various g

roughly analogous, there is ng vy
equating them exactly with respeg
such variables. Do a fish and a p,
distinguish between a pair of re] . ‘
green lamps with equal ease? Prghy _
not. Does a Tubifex worm haye |
same reward value for a fish fhs
sucrose pellet has for a rat?
not. We do not know how to g
stimuli that will be equally discrin:
ble or rewards that will be equaly
tractive. Can we ever, then, rule out
possibility that a difference in perf:
ance of two different animals in sud
experiment stems from a differenc
some confounded contextual va iabd
Fortunately, yes, thanks to ats
nique known as systematic varit
Consider, for example, the pot
that a fish fails to show progressive
provement in a given experimelt
cause it is far less hungry (or far
hungry) than a rat that d.oe‘s Sh?"
provement. This hypothesis implies
at some level of hunger the
show progressive improvemenf-
we can test it—although we o
produce in the fish the prect
gree of hunger in a given e
repeating the experiment Wl‘};; ]
of widely different gegree:to '
Hypotheses about other conteX"™
ab)llss have been tested by. Smf‘lar
tematic variation, Progressive 7'
ment in habit reversal has beer " g
without success in the fish under® ™
variety of conditions, whereas



gress under an
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P on do P E itions. In-
the Plgeo -ange of conditions
- wide T o find a set of con-
2 ot and the

‘ 3 N . 2 ]
it 15 di which the plg":"

.avement.
un qaprovem .
'sltO show ments on habit

g ,(‘l\u::'ll turtle are in
{nl‘tc petween those for
e hand and those for
‘ on the other. In
urtle shows pro-
a . in visual prob-
B1v° P ‘:)t The data from two re-
; ith turtles, one group
gpatial problem and the
.n a \'i.s‘u;\} pmb]em, are
Je bottom of page 8. Both
average number of er-
eversal. The curves rise

initial presentation of the pro}y
g first reversal; then the Spatlal
: dqe\ceiin(;s but the visual curve doe.s
We conclude simply that.expen-
ts On habit reversal tap an 1ntelle?.
capability of higher animals that is
Lt all developed in the ﬁsh. and is
fested by the turtle only in a re-
bted class of problems.

e oné
the rat

it does
. erimt’“ts W
n a

trained

(l
ve the
&S .
ade per !

ther intellectual differences between
our test animals appear when the
rded alternative is changed within
Even trial session (not from session
ession). Experiments involving this
hnique are called probability-learn-
experiments. In a typical probabil-
earning experiment alternative A
1d be rewarded on, say, a random
ercent of the trials and B would be
arded the other 30 percent. As in
eriments on habit reversal, we con-
ot the animal with either a visual
or a spatial one. We can employ
her the guidance method (in which
incorrect choice is followed by a
e-out, presentation of only the cor-
alternative and finally a reward)
the noncorrection method (in which
trial ends whether the rewarded or
‘unrewarded alternative is chosen).
e without guidance, subjects of
species tend to “maximize,” choosing
70 percent alternative on all the
s‘ih(l‘:goﬁccqsil?nal subject comes to
o a;:;t a preference ff)r t}?e
osing it) 1 mua';lve ‘an'd persists in
5, striking dif%e:ear?ce is used, how-
barious ecier nces appear among
D0
:; :}?Er:}i;ntative results f(.)r the
b graphs on are presented_ in the
Bt stage of Page 9 During the
- the experiments reflect-
in the p ents reflec
e 8raphs the animals were
on a visyg] Y P,
problem—horizontal
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NUMBER OF REVERSAL

PROGRES
SIVE IMPROVEMENT of a group of rats tested on spatial problems

quired habit changes is plotted. In solvin

made a median number of two errors. Wh
sal 1),

that re-

g t::e origir:ial problem (Reversal 0) the group
en the rewarded alternative w: i

e e was switched (Rever-
y errors were made before the rats mastered the problem and the rewarde‘:;earl

ternative could Vi i
be switched again. The rats then made fewer errors in achieving reversals
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NUMBER OF REVERSAL

HABIT-REVERSAL EXPERIMENT involving a group of pigeons trained on visual prob-
lems yielded the results summarized in this graph. The birds were given 40 trials per day.
They made a mean number of 15 errors in mastering the original problem. Difficulty in
coping with reversals continued past the first one, reaching a maximum on the fourth
reversal, when most animals had to be trained for six days before achieving reversal.

v. vertical stripes—by the guidance
method. The choice of horizontal stripes
was rewarded in 70 percent of the trials
for the first 30 days and in 100 percent
of the trials for the next 10 days. The
rat tended to maximize under these con-
ditions: after several days it began to
choose the 70 percent alternative much
more than 70 percent of the time; with
the shift in the reward ratio to 100 per-
cent the trend toward absolute prefer-
ence continued as it might have even
without the shift. In contrast, the fish
showed a choice pattern we characterize
as “matching.” It began to choose the
70 percent alternative about 70 percent
of the time after a few days of training,

and when the reward ratio was shifted
to 100 percent, it rapidly began choos-
ing the rewarded alternative in every
instance. In other words, the fish pro-
duced a choice ratio that tended to
match the reward ratio. We found that
in spatial problems too the rat maxi-
mizes and the fish matches as long
as guidance is used (although without
guidance both species tend to maxi-
mize).

Whereas the rat and the monkey usu-
ally maximize in experiments on probg»
bility learning even when guidance is
used, they sometimes show a correspon-
dence between choice ratio and reward
ratio of a rather different kind from that



revealed by the fish. The mammals pro-
duce a pattern of systematic matching.
Occasionally, for example, a group of

alternative when the reward ratio is 70
to 30, and a 50 percent choice of each
alternative in a problem in which the
ratio is 50 to 50. An opposite strategy—

tendencies are reflecy
< te
of the fish, whig "
as random,
A pattern of randy,

1y
h Can b(;:t"' Ty

rats will choose the rewarded alterna- :
tive of the preceding trial. This tend-  to avoid the rewarded alternative of the produced by the Pige:, Match;, B
ency toward reward-following produces  preceding trial-sometimes has bee.n on a visual probjer, ns.w o itxz'“ 7
a 70 percent choice of the 70 percent used by the monkey. No such systematic  ther maximizes i, ﬁu.c ; ince “*1«,: f
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FISH TESTED ON SPATIAL PROBLEM yielded data for this
graph, which reveals no progressive improvement in habit rever-
sal. The curve remains approximately level after the first reversal.

NUMBER OF REVERSAL

FISH TESTED ON A VISUAL PROBLEM show no pro
improvement in habit-reversal experiments. Even graphs of g I
ments involving 150 reversals do not reveal any downward
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TURTLES TESTED VISUALLY failed to show any progressive

improvement in habit reversal. Occasional drops between reversals
have no significant statistical effect on the slope of the curve.

12 15
NUMBER OF REVERSAL

TURTLES SOLVING SPATIAL PROBLEMS do show l:‘;!m
improvement when the results of a habit-reversal CXP"I
plotted. In this graph improvement follows th

e initiﬂ 1¢



ex eriments 0N
fo“"‘v""g,'n;;ht;mve ! ro.v1ded bl::
1 ]ear“: tional difference
17 2 .
- clea” 3:1d the plgle;(i)l?ty —
A thait are rem-
,'periments on
forts of the tur.tle
= dom matching
¢ maximizing Or
| problems. In
1t, then, its be-
1 prob]ems but

cat
(ra

egories of intel-
pehavior tlike or ﬁsl}ﬁk(e.)
e results of our experi-
R it reversal and probablhty
' ollhabl b a table [see bottom
ing Slllfn page 10] suggests the
patio” | ralizations: As we ascend
‘genlen‘y scale we do not find a
e luu.otau'ectual continuity but one
' ofj:::x:tv. Moreover, the modes of
scon J

“lved by the higher an?-
gment E\Za\rlier in spatial than in

se such

: exts. ]
o8 and the rat are not dif-

L m;nll\)? the criteria used to con-
m;r table. The two mammals do,
er, show differences in their styles
obability learning, v&fith the re'ward-
pwing of the rat giving way in t.he
ey to the opposite strategy (avoid-
he rewarded alternative of the pre-
ng trial). It is notable that this
egy of the monkey has been ob-
{ so far only in spatial problems,
iding support for the generalization
as we go up the evolutionary scale
¢ modes of adjustment appear earlier
patial than in visual settings.
The idea of advance has long been
licit in the idea of evolution. We
thus led to ask if the ratlike modes
djustment are really effective in the
e that they help the animal to cope
th its environment. Do they actually
present a higher intelligence? In gen-
the answer is yes. Progressive im-
Vement in habit reversal represents
:;]ify that cannot help but be
U6 In an animal’s adaptation to
figmg C'ircumstances. As for proba-
uii:’:‘;‘igyhte}:e ab.ility to maximize
B goe percentage of correct
N Where the . . matCh“}g'. In a prob-
eward ratio is 70 to 30,
probability of correct
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MAXIM‘IZING is illustrated for rats (black curve) and fish (colored curve). The animals
were Eramed on spatial problems in which one alternative was rewarded on 70 percent of
the trials. The rat, after 10 days, chose the advantageous alternative almost invariably. The

fish matched its choice ratio with the reward ratio for 20 days,

at which time guidance was

discontinued and it tended to choose the advantageous alternative on almost every trial

by this criterion, and yet we know that
human subjects employ systematic
matching in trying to find a principle
that will enable them to make the cor-
rect choice 100 percent of the time. If
the use of systematic matching by lower
animals is based on some crude, stra-
tegic capability, it represents a con-
siderable functional advance over ran-
dom matching.

Having found behavioral differences
among the various types of animal,
we are now trying to trace them to
physiological differences. My colleague
R. C. Gonzales has lately been conduct-
ing experiments on habit reversal and
probability learning with adult rats
lacking extensive portions of the cere-
bral cortex, a prominent feature of the

mammalian brain that is absent from
the brain of the fish and first appears
in the reptilian brain. The decorticated
rats showed progressive improvement
in habit reversal on spatial but not
on visual problems. In experiments on
probability learning they maximized
on spatial problems but took to random
matching on visual problems. The in-
tellectual behavior of these decorticated
rats was exactly like that of the turtle,
an animal with little cortex.
Summarizing the meaning of these ex-
periments calls for sketching the origins
of the study of animal intelligence. A
century ago, as Charles Darwin devel-
oped his theory of evolution, he denied
not only the physical uniqueness of man
but also the intellectual uniqueness. In

9



doing so he used the only evidence
available to him: episodes described by
naturalists, hunters, pet-owners and zoo-
keepers. It was not until the start of t'he
20th century that the study of animal in-
telligence was brought from the realm
of the anecdote into the laboratory by
Edward L. Thorndike, who was then
working at Harvard University. Thorn-
dike’s experiments led him to deny the
existence of intellectual uniqueness any-
where in the evolutionary hierarchy of
animals. It was he who set forth the
theory that differences from species to
species are only differences of degree,
and that the evolution of intelligence
involves only the improvement of old
processes and the development of more
neural elements.

Our studies of habit reversal and
probability learning in the lower ani.
mals suggest that brain structures
evolved by higher animals do not serve
merely to replicate old functions and
modes of intellectual adjustment but to
mediate new ones (a contradiction of
the Thorndike hypothesis). Work with
decorticated rats points to the same con-
clusion. Yet it should be observed that
these recent studies represent a new
turn in the investigative path founded
by Thorndike himself, Clearly bring-
ing the study into the laboratory was
the real first step toward replacing
guesses with facts about the evolution
of intelligence and jtg relation to the
evolution of the brain,

100:0

70:30

CHOICE RATIO

60:40

50:50

70:30 80:20 90:10
REWARD RATIO
MATCHING of choice ratio (vertical axis) with reward ratio (horizontq] axis

)
a linear relation for both the pigeon (colored dots) and the fish (black dots), Tl::mo"i
based on studies of fish given visual and spatial problems and pigeons given vig,.

50:50 60:40

Lol

n Visual%
SPATIAL PROBLEMS VISUAL PR
TEST ANIMAL OBLEMS
REVERSAL PROBABILITY REVERSAL PROBABILm
MONKEY RAT RAT RAT RAT
RAT RAT RAT RAT |
PIGEON RAT RAT RAT e
TURTLE RAT RAT FISH | el
FISH FISH FISH FISH FISH
DIFFERENCE IN INTELLIGENCE of the five animals studied by the author (colum
left) are tabulated according to the subject’s response to spatial and visya] proble
experiments on habit reversal and probability learning, The behavior of each anh:;

each test situation is characterized as ratlike (progressive improvement in habit re;,
fmd maximizing or nonrandom matching on probability-learning tests) or fishlike (no
improvement in habit reversal and random matching on probability-learning
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