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CUES FOR SPONTANEOQOUS ALTERNATION'
ROBERT J. DOUGLAS® .
University of Michigan
Large numbers of possible eues for spontancous allernation by rats in T mazes

were tested both in isolation and in combination in un attempt to discover
which stimuli determine the response. Free-trial spontancous alternation

represends the addition of a relulively weak odor-leail svoidanee and w sunel

cnters the alley, which’
ited on the first trial. This phenomenon,
ped “spontancous alternation,” has been
g subject of a large number of studies
e Dember & Fowler, 1958), but the
ise cues used by the rat in. alternating
Jve never been determined. ‘Many insights
o the nature of spontancous alternation
dl its relation to other factors such as
otion and  maze learning could be
ped through the answers to such stim-
-bused questions as: does alternation
pur to any attendable stimulus or only to
ricted set of cues? Is there a relation
Rween attention to o stimulus and sub-
wt alternation to that stimulus? Is
ate of alternation a direct function
gthe mmber of cues present, or is it
alively constant despite variation in the
pmber of available cues? Do cues which
effeetive by themsclves summate to
luce ulternation when they are com-
!

s order to investigate the types of
uli which were important in the deter-
ation of spontancous alternation, a

EThis study represents a major part of the
Bhet's doctornl dissertation, University of Michi-
b, 1064, Members of the committee were E. L.
lker, W L. Hays, and R. D. Alexander, with
B L lancan serving as chairman. The manu-
g8 was prepared while the author was the re-
et of United States Public Health Postdoe-
@l Fellowship MH 23, 382. Partial support for
kudy wan abso provided by Grant DA-MD-
M¥-63-(:76 from the Office of the Surgeon
genal, United States Army, to R. L. Isaaeson.
INow at Depurtment of Psyehiatry, Stanford
phcal Center, Palo Alto, California.
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more powerful tendeney to tarn in opposite direitions at n choien point, Ni
other cffective alternation cues could be found, and the: mag
temlencies was sufficiently high to nccount for all obaerved
was suggested that rats, at Jeast, have a sense of relative dircction or ‘ponilion
in space, and that the recepiors are. located i the.doner ear,

itude of thewe 2
wlternation. 1t

gl

rabek'in response. _single types of
stimuli. In a previous study, Walker,

Dember, Earl, ‘and’ Karoly (1955) used

& rotating = mazce to subdivide possible
alternation cues into broad .classes such ne’

intramaze, extramaze, and response-in-
duced stimuli. The relative importance of
any one class was determined by allowing
the rat to alternate either to that class or
to a combination of the other two. Un-
fortunately, this mcthod has beén ex-

ploited almost to its limit, and a further

subdivision of stimuli into classes such
as visual or auditory would be extremely
involved. Tn addition, the = maze has the
inherent weakness of failing to make a
differentiation between alternation of one
cue class and repetition of responses to the
other opposcd classcs. For these reasons the
method chosen for this series of experi-
ments consisted basically of varying all
stimuli on the two trials except for those
deliberately held constant. Since alter-
nation of a stimulus. is impossible unless
S is exposed twice to that stimulus, all
observed alternation could then be attrib-
uted to the constant cues. For this pur-
pose two different mazes of identical
sizc were used in conjunction with two
differcnt testing rooms. In a typical ex-
periment the rat was given a first trial in
Maze 1 located in Room 1, and a following
trial in Maze 2 in Room 2, with hoth
sibuations containing a pair of stimuli
differing along some dimension such as
brightness. For cxample, the right alleys
of both muazes might contain white inserts
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and the left alleys black. This method was
used first to test alternation to the broad
stimulus classes investigated by Walker,
Dember, Earl, and Kavoly (1955), then
to study alternation to stimuli within single
modalities, and finally to investigate the
effects of stimulus combinations once again.
Important eriticisms of this procedure are
that other types of stimuli are also in-
advertently being held constant, such as
those common to the two nearly identical
mazes, and that alternation of body turns
are confounded with alternation to the
constant stimuli. Fortunately, both objec-
tions could be largely dismissed after the
first experiment.

METHOD

Subjects and Housing

Three groups of Ss were used. Group 1 con-
sisted of 48 male hooded ralg, supplied by the
Windsor Biology Gardens, Bloomington, Tndiana,
roughly 120 days old at the start of the experi-
ment. Groups 2 and 3 cousisted of 40 and 24 6-
mo~old male hooded vats, vespectively, drawn
from a population bred at the University of

Michigan. These three groups were individually

housed, placed on ad-lih food and water schedules,
and gentled prior to testing; several hyperemo-
tional animals were discarded and replaced by
others from the same population.

Equipment

Two T maszes of identical size and shape were
constructed of Y%2-in. plywood. Main allevs and
cross arms were 16 in. long. Alleys were 4 in.
wide and 6 in. high, and were covered with wire
mesh. The first 6 in. of the main alley constituted
a start box, separated from the rest of the maze
hy a sliding door. Sliding doors were niso loeated
at the entrances to the side alleys. Bach maze had
a hooded 7%-w. light bulb wived in place directly
aver the choice point, which provided the only
illumination used during testing. Noeither of the
mazes was provided with a floor, and both were
placed over sheets of heavy opaque brown paper
which was used to cover the tops of the tables
on which the mazes rested during testing. Two
adjacent rooms were used for testing, with the
maze usually pointing north in one of the rooms
and west in the other. Mazes were placed on
tables which were placed within 6 in. of the walls.

General Procedure

The Ss were covied 8 ab a time to the experi-
mental area in separate compartments of a felt-
covered cavying box, which was placed in the
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hall outside the testing rooms. As needed, S5 w
removed one at a time; all 8 were usually finid
within Y2 hr, with 8s in a given group alw
tested in the same order, all being given a par
lar test on the same day, and none tested m
than once a day. Testing was done bebwoeey
aM. and 3 rm. Most tests were repeated one
more times at a later date.

On a typical test, S was given a first tria
one of the mazes in one of the rooms and a s
trial in the other maze in ihe other voom, s
the constant stimuli added to hoth situations
the first frinl S was placed in the stari boy
after a 10-sec. wait, the door {o the main
was raised. When S's whole body was in one of
side alleys, the door to that alley was lowered
the response scored. After a further 10-see,
8 was removed and carried to the second maze fa
second, identical, trial. On some tests it was
possible to carry S directly from one maze to§
other, ag stimulus manipulations were ¢
between trinls. In these cases § was gently phard
a pressed-fiber wastebasket covered with a (i
felt pad. The time necessary for intevtrial man
lations was caleulated during practice “dry
and in all cases yefers to the time elapsed beted
mazes, not between successive choices. The
sults were probably not afiectod by the diffes
intertrinl intervals, as Walker (1956) found
lengthening the interval even up to several
had no effect on the alternalion rate. Tn additi
several of the tests were given with differing inis
trinl intervals and the same vesults were obtaim
in each case,
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Treatmment of Data

The presence of alternation was judged on
basis of o x* test comparing the observed distr
tion of alternation and nonalternation respone
with a distribution based on chance expeetands
Differences hetween rates obtained under diffens
conditions were tested by means of a x° compa
son of the two distributions. Since thesc distris
tions often included the results of the sme §
tested on more than one oceasion, the validity
this test depended on the observations heing ind
pendent. An analysis of literally thousands
observations showed that this assumption was k
all practical purposes true when a homogeneo
group of Ss was used. This annlysis showed that i
vrobahility of an individual in such a groy
alterpating war hest estimated by the group mea
on a previous test, and not by the previous hiday
of the individusl (Douglas, 1964). Thus, the &
sults of several individuals each tested once
comparable to results obtained from one ink
vidual run several times,

Determination of chanee rates of alicrnatia
was based on an intensive investigation of inill
response tendencies, Sinee the best estimate d
alternation oceurving by chance is 1 ~ [(pof ¢
(pu)] (Douglas & Isaacson, 1965), it is imporia
that stimulus ar vesponse biases be known, Groy
1 was found to have no detectable turn bias «



the jwreentage of right turns on initinl trinls was
§13% in 768 total observations. Groups 2 and
3, however, hnd the usual 2:1 right-turn hing
rpeatedly found in animals from this population,
and, in addition, Group 1 Ss were found to have
marked atimulus “preferences”. for one of the
| paind cues vsed on severnl of the tests. Binscs
swh ax these have been found to act independ-
ently on-the 2 alternation trials; and to spuriously
et from alternation (Douglas & Isnacson,
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of the Fgures. The mtidnak: for thin method is
preended in detail in. Douglw (1964), but in
smpler form is ns follows, - ;
Suppose that there were a true underdying tond-
oy for 1 mt to alternate spontancously, hut that
his tendeney were anly operative, say, 80% of
 the time, Then one - might. reasonnbly expect that
2 of 0 mix given 2 conseeutive trials in the T
- maze, 60 wonld alternate because of this under-
ving tendency. The remaining 40 -would not all
wpeat, however, as their second response would
e independent of the first, and whether these
nimals woukd alternate by chanee or not would
L depend on the magnitude of the stimulus or ro-
ponse bins. If no bins existed, then one would
el half, or 20 Ss, to alternate spuriously while
bserved distriby B he other hall would fnil to do so. Thus, 80 rats
nation responm' out of 100 would he observed to alternate, wven
nee expectaneies thougeh they had only 0 60% trie alternation
d under different’. tendeney. , .
of a x* compari. ] ..\uw if 1 hias had been present, a different rate
© these distriby.§ v aermation \\'onh! have been observed, even
of the same §§ thvueh the underdying tendency were identieal
i, the validity of J§  vach e, Suppose that one of the two side
tions being inde. alleys was blaek and the other white, and that, S«
v thousands of § M an 80% black preference and a 60% true
;1111|)li0n was for ] n.lh-ruulmn fendency, Then of t.ho original 100
2 homogencous § S0 would have gone to the right on the first
. showed that the wial amdl 20 1o the left. On the second triand,
such 8 growp: 1618y + (.6)(?0?, or 60, would truly atternate,
the group mem § while of the remaining 40 Ss, (8)(32) + (1 — 8)(8),
previous histoy § ™ 202, would fail to alternate beeause of the bias,
). Thus, the "~ ;wlu!f- ouly (1 — 8)(32) + (..8)(8), or 128, would
tosted onee ae J§ wously alternate, In this ease the observed
from one indic § sltvrsation rate would bhe 60 + 128, or 728%, as
" mwpared 4o an unbinsed rate of 80%, even though
s of alternation - in both euses the true nltomﬂtiop tendency hx}s
ration of initial Wwen asumed to he 60%. Rn_nsox.ung such .as this
ost estimate of (@ M been used for the derivation of formulas
s1 — [(p) +iJF *hich u.llow bm.?ed alternatgon‘ rates to he con-
it is importan - verled mto. equivalent unbl'ased rafes, 'xmd one
> known. Group¥ 2of the possible forms of this equation is shown
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- CUES FOR SPONTANEOUS' ALTERNATION - 1m

Adjusted rate (% alt.)

. . _( ng )
msoly | \E

n

n = the number of ohservations

na = the number of nonalternation re-
sponses.

pr = initial probability of a right turn
(or approach tp one of the atim-

uli) :
Py = initial probahility-of a left turn
{or approach ‘1o the other sting
y i ”hm) : B . 5 :
Thin forniuly wis, y

Where: ’

. throwghout thin study

whenever ‘gridence o imulus or response. bins
_wis foumd, ulthough " dightly. different. version
{Douglix, 1984) must be used when the obeerved

rate i below ehanen,
ExreriMent 1

First, the tendency to alternate in re-
sponse to all- cues combined was tested by

giving 83 consecutive trials in the same -

mage in -the same room with the same

paper floor. In this mapner all possible

cues were held.constant. Next, the stimuli
were broken down into the three classes
used by Walker, Dember, Earl, and
Karoly (1955): intramaze, extramaze,
and responsc-induced cues. Alternation to
cach class was tested separately, with the
following definitions used for each class.
Intramaze cues are those with which S could
conccivably come into contact, including
the inner surface of the maze and paper
floor. Extramaze stimuli arc those origi-
nating outside the confines of the maze,
including the subfloor under the immediate
paper floor and the visual, olfactory, and
auditory stimuli of the environment. Re-
sponse stimuli are those generated by the
actual muscle and joint movements in-
volved in making a turning response.

Method

Alternation to all cues simullancously was
testedd on seven  different. oceasions  seatiered
throughout. the scries of experiments in order to
msure that the basic rate was not undergoing a
change. On three oceasions the intertrial interval
was 30 see., and in four sessions it was approxi-
mately 10 sec.

Alternation to response-induced stimuli  was
tested in two different ways. On the first test, ench
Group 1 § was tested in four separate sessions
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174 ROBERT J.
with each of the 2 trials given in a different maze
and room, with a different. paper floor, for a
total of 192 obscervations. For the first two ses-
sions the intertrial interval was 30 sec., with S
heing confined to the wastehasket during the
intervad, and for the last two sessions the inter-
trial interval was about 10 scc., as 8 was eavried
divectly from one maze to the next.

The sccond test of response alternation in-
volved the use of a maze in which 8 could make
two conseculive turns without being  handled
hotween responses. This maze was like the T maze
used in the other experiments with the exception
that another eross alley was added at the end of
cach side alley, so that after the first twn S
would once again come {0 a choiee point where a
socond turn was made. Sliding doors were used to
prevent, retracing. Group 1 Ss were tested on four
separale oceasions in this maze. Tluorescent room
lights were used for illmnination, and the maze
was contered under a fixtare,

Inteamnze cues were tested by giving 8 2 con-
seenfive trinls in the same maze, with the same
paper floor, but with the maze transported from
voom to room hetween trials. Before the first trial
the position af the maze on the paper was out-
lined with grease peneil so that it could be re-
placed in a correct position. Group 1 8s were given
1 trial in this maze, and were then removed and
placed in the wastebasket. while the maze and
paper floor were eavried to their positions in the
next room. This procedure veguited an intertrial
interval of 40 see. Then Ss were given their second
trinl in the second voom, with the order of rooms
balanced. The Ss were given this test twice, for
a toial of 96 observations,

Altornation of extramaze cues was tested by
giving Group 1 Ss consecutive trinls in two differ-
ent mazes using two different paper floors, but
with both mazes placed over the same spot on
the same table in the same voom. This procedure
held constant the cues provided hy the environ-
ment, but varied all others, Changing the mazes
and papers required an intertrial interval of 30
soe, Baeh 8 was lested on iwo different. daily ses-
sions, onee in cach room, for a total of 96 observa-
tions.

Results

The test for all-cuc alternation yickled
a mean rate for all seven sessions of 80.4%.
No signifieant differenee was found hetween
rates when  different  intertrial  intervals
were used (82% at 10 see., 79.2% at 30 scel),
and variations between sessions were very
slight, with the range being less than 13%.
The group was remarkably homogencous,
andd the probability of an individual alter-
nating on a given session could not be
predicted by its previous Dhistory as
aceurately as it could by the group mean.

Alternation to response-induced stimuli

DOUGLAS

was found to occur at a rate very newr (8 in Whieh‘no.handhllg
chanee expeetancies. On the first test, il SPONScs, indicates tha
some handling between trials, Ss alternale 18not & ‘.“““5“"“““ fa
519 of the time, as compared to a chmdf llernation tests, anc
50%. On the sccond test, where S wy mental controls to 1
allowed to make two consceutive tunffg MC nob neeessary.
without handling, alternation ocewrred s g The present ﬁ“‘““::
a 499 rate. When the results of the tyff Were more POtC“t ¢
tests are combined, the mean alternatio th.:m were intrama
rate  to responsc-induced  stimuli w vith the report by \
found to he exactly 50%, for a total i Fawl, and Karoly (
394 ohservations. maze cues were found
Alternation to intramaze cucs was fopfl Iportant. As was ¢
to occur 61.5% of the time. This rate vl €ver, their test v
significantly higher than a chance 54 tazc. It will be &
(¢ = 5.0, p < .05), but was significanl} nation of cxtramaz
below the ali-cue rate (x> = 16.8, p < (i peeted to be reduce
Altonation to extramaze cues oceur nd Fh“t the results
at a 75% vate, which was significanl onflict.
higher than the intramaze rate (x* =14
p < .05). In fact, this rate was so hi
that it did not reliably differ from th
found for all cues combined (x® = 1.3).
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The presently observed rate of all-e
alternation (80.4%) sugpests that the pre
ent Croup 1 Ss were rather typical in iy
respeet, as this figure is neither especialf
high or low in comparison to the literat

The failure to find evidence for the alt)
nation of hodv turns per se in the prese
cxperiment  should come as no  surprs
Both Montgomery (1952) and ITistes asd
Schoeffler  (1955)  presented  eviden
against the oxistence of response all
nation, and it has never been demonstrale
that alternation of hody turns occurs i
normal T-maze situation. Walker, Demba
Tarl, Fawl, and Kavoly (1955) did vepod
that making the turning rcsponse
figural through the use of a snecial th
dimensional maze anpeared to rvesult ing
increase in response alternation. Hower
this maze wos a madified version of the:
maze, and internretation of the resul
must be guarded. Since that maze b
two different approaches to the same pol
box, their Ss may have heen repeatiy
anproaches to that goal hox, which sl nation is: (% allerna
that ease would be scored as altemy he complete ration:
tion. In any cvent, the present failm 4'"D°x""|1.“.l('d form, o:

- . ouglas (1964). Ti
to find any cvidence of response-inducd n he reduced to 2
alternation, even in a rather ideal situatio
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ol onscs, indicates that response alternation
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d to o cligel Hlemation tests, and that special cxperi-
where & W “mental controls to rule out this tendeney
sceutive st not necessary.

n occurred sl LM present finding that cxtramaze cucs
Its of the *ere more potent clicitors of alternation
an a.ltern than were intramaze cucs is at variance

stimuli® ith the report by Walker, Dember, Barl,
for n totél ol fovl, and Karoly (1955) in which intru-
; maze cues were found to be relatively more
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fever, -their test invol
= waze. It will be shown later. that alter-

mation of -cxtrathize oucs might be ex-
pecter] to he redueed in such o situation,
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u flict.
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the response itself and those common to the
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fhat oven when both factors were present no
lteruation could be detected. The results of some
the Ialer experiments’ will also add cvidence

s that the preg
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(l)tlgl(]l(‘ ](lbtl(::::: i At first plance it mlght. scem odd that when
’ STtz cues (61.5% alternation) were: added
ce for the 3‘ b rxtrmaze cues (75% alternation), as in the
» in the prescadll-cue cxperiment, the resulting alternation rate
\§ N0 SUrprisy brns only £0.4%. If the first two figures are i~
and Estes an o relly manipulnl e according to the rules of proba-
K as if independent, one would predict that
nted  evideny tion to the (omhmml classes would be 90%,
response alte is reliably higher than the observed rate
=435, p < 01). This could lead to the con-
clmnm that the cues do not act independently
o that there is some tendency for the absence of
one cur class to be (ompons.ttml for by an in-
wensod wse of the vemuaining class. However,
lhu method is erroneous, as both figures conlain
iy geent deal of spurious alternation due to the
awe of false positives, and while the true
htl)llng aliernation tendencies might be ex-
sectedl to interact additively, the crror com-
Mv i should not. In the present case, where
p bins wax found, the extraction of error and the
tinintion of “true alternation” rates is relatively
0y, ns for every S that for some spurious reason
x i not allcrnate, there was probably one which
heen  repcatbing i ullmulc-, and a good cstimate for true alter-
hox, which igillation is: (% altcrnation) — (% nonalternation).
red as alternsgiiigite complete rationale for the use of this, and
pr osent  fail ; J expanded form of the formmla, can be found
y Dougglas (1964). Thus, the figures quoted above
response-induceg n be reduced to 23% for inbramaze cues and

or ideal situatiof
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i present. procedures could be that some stimuli’

st these |mml)lo complications can safely be

50% for extramaze. Now il lllese figures are com-

bined additively, a8 if indepentdent, the result is

an expeeted true nlemation rale to the two eue
chwses combined of 115 + 385 + 115, or 615%
true alternation. In order to ronvert this figure
into w “raw” rate the cxpected error must be
wdeded buek in. Since of the 385% of the Ss which
would -not. truly wlternate, hadl would be expected
to alternate spuriously. while half would not, we
shoul! wdd 1923% to our carlier true 615%, for
an expeeted mw allernation e of 80.75%, wlmln
iz remarkably clowe o the actunl ohsetved figure
of 804%. Thix resalt sugesds ﬂ'ull. the renction
of the mt lo these different eué i leditive

.und _indeprndent.  Additional cmk-nm on this
; poml; mlle‘lw pmrml fater, e

Visual; tacule,' lsif o{f' ,.tory “stimuli
were coualdm‘cd e . hascs, of- the
61.5% altu'mttion mtc ‘fmmd for intra-
mage cues.

‘Method

Visual cues. Throe types of visual intramaze

stimuli were investigated: brightness differences,

pattern differences, and  stimuli specific to the
maxe. The 40 Group 2 Ss, used for the hnghtmvss
tost, were run in two maznes which differed in di-
mensions from those used in most of the other

experiments; both T mazes had side alleys about

2 ft. Jong, and one had n main alley 1 ft, long, while
the other had a 2-ft. main allcy. One maze had a

“wooden  floor while the other had nogeid Aoor.

These were placed against different walls. of the
same room, and were nligned at right angles to
ench other. The proccdures were similar 1o those
of Experiment 1, with wn intertrial interval of
Jess than 10 see. Brightness differences were pro-
dueed by fining the right alleyvs of both mases with
bk eardbonrd inserls and the left alleys with
white. Fueh 8 wits then given 1 trial in ench maze.
Several davs later the experiment was yepeated
with the white inserts in the right alleys and the
black in the left, for a total of 80 observations.
Visual pattern cues were tested in almost the
sume way as the lm;,hhuws cues, except that the
24 Group 3 Ss were given 1 trial in each maze,
with the right alleys containing cardboard inserts
having o double row of black five-pointed stars
against 1 white background, while the left alleys
had black cireles in place of the stars. Cireles and
stars were of cqual area, so the inserts did not
diffor in brightness. Several duys later the posi-
tions of the stars and circles were reversed and
the lest repeated, for o total of 48 ohservations.
Visual and other stimuli specific to .a given
maze (excluding the floor) were tested by giving
the 48 Group 1 Ss n single session with 2 consecu-
tive trials in one of the two mazes used in Experi-
ment 1, but with that maze transported from room
to room belween trials, and with a different paper
floor used on each trinl. The infertrial inferval was
30 sce., during which 8§ was confined fo the
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176 ROBERT J.

wastebasket. While this method held constant
the visual stimuli of the maze walls and eeiling,
other types of stimuli, such as tactile, were not
ruled out, of course.

Tactile stimuli. Tactile cues were provided by
two pairs of floor inserts constructed of Ya-in.
wood. Two sets, rather than one, were used in
order to rule out specifie odor or visual cues.
Each pair consisted of one smooth board and
one covered with Y-in. wire mesh. Both were
painted black. These were placed in the side alleys
so that they met at the center of the choice point,
and a white board was placed in the main alley
so that Ss did not have to step up at the choice
point. Group 1 Ss were given this test on two
sessions: for the first session, the wire-covered
inserts were in the right alleys of both mazes and
the smooth boards in the left, and for the second,
the positions of the inserts were reversed. On a
given test S was given 1 trial in one of the mazes
in one of the rooms, and then ecarried directly
to the next maze in the next room for the second
trial, with an intertrial interval of less than 10
see. The order in which mazes and rooms were
used was balanced, and 96 observations were
made with tactile cues. As the inserts met in the
center of the choice point, S could sample floor
textures before making a response.

Olfactory cues. As the masze-specific stimulus

. test included possible odor  differcnees within a
masze, no further tests were made in the intramaze
category. Deliberately produced odor differences
were later tested as extramaze cues;, although
the odors were actually within the maze.

The effectiveness of S’s odor trail from the
previous trial as an alternation cue was tested by
giving the Group 1 Ss consecutive frials in two
different magzes in two different rooms, but with
the same paper floor used in both cases. ach S
reeeived a fresh paper floor for its 2 trials. Before
the start of the first trial the position of the maze
on the paper was outlined In grease pencil so that
the sccond maze could be placed over the sume
area as the first. The Ss were confined to the
wastebasket between trials while the paper was
being shifted, with an intertrial interval of 30
sec. The test was given on two occasions, for a
total of 96 observations,

The possibility that S might react to its own
odor in a form other than an odor trail was tested
by placing a 2 X 2 in. gauze pad in its cage 24 hr.
before testing. Before S's first trial this pad was
placed in onc of the side alleys very close to the
choiee point, and a clean pad placed in an equiva-
lent position in the opposite side alley. After S
had vesponded, these pads were removed and
placed in the corresponding loeations in the next
maze and S given a second trial. The interval he-
tween Urials was aboul 10 see, and 8s were bested
on two sessions, for a total of 96 observations,

Results

Visual cues. Alternation with the black
and white brightness stimuli occurred only

DOUGLAS

37.5% of the time, which on the swiaefs which m
appears to be considerably less than chancef wndifferer
However, Ss from the population from Tactile

which Groups 2 and 3 were drawn havg
been repeatedly demonstrated to have s
right-turn tendency of about .67. In thi
particular ecase, this was o
quite high enough to reach significanc
(60%), although it also did not diffuf§
reliably from the estimated true value fu
this bias. In addition, a significant|§
“preference” for black vs. white wx
found (67.5%, x* = 98, p < .01). Belh
biases acted to spuriously reduce t
observed rate of alternation (Douglas &
Isaacson, 1965), and when the presenl
rate of 37.5% was corrected for thes
tendeneies, the adjusted rate of 47.3%
not reliably differ from 50% (x> = 02
Thus, it can safcly be concluded that thes

was foun
There wa
ency to
insert in
26.0, p <
was corr
rate of 4
50% (x*:
ble tendc
eues.
Olf(lctt
pue was
There w

fand
wnacney

significa)

Ss were neither alternating nor repeatigfes (x* = 1
in response to brightness differences. “close to

Alternation to the visual pattern el rate for
was found at a rate of exactly 50%. WhallE. combine
this figure was corrceted for the turn bissE intrama:
it corresponded to a nonbiased rate o avoidan

Cstimuli

the pres
‘epresen
reaction
as these
found tc

54.5%, which did not reliably exceed chane
(x* = 04). Thus, Ss appear not to haw
alternated either brightness or patten
visual differences. The present visul
stimuli were probably diseriminably di
ferent to these Ss, as the present authe

had carlier trained two rats to make the When
discrimination in fewer than 50 triskg BRUZC ]
each occur a
Maze-specific cues. Alternation to maze t(X' l_ 1
specific cues, whether visual or otherwie | n(ll'\o‘i(lnci
occurred at a rate of only 47.9%. A l)" l(t(;:)

the unbiased Group 1 Ss were used, tt§e y I
nation

chance rate was 50%, and the observd
rate did not reliably differ from chane
(x* = 0.1). Although the number of ok
servations in this case was only 48, the r

Cmade b

Discuss

sults did not appear to warrant furthe The «
testing. The evidence at this point wel intram:
clearly against the hypothesis that vis & ual’s oc
ual cues of any type were the hasis faE “compe
alternation. A total of 176 obscrvationsif ing cuc:
the three “visual” tests had failed to pid ﬂ!t(‘l‘nﬂ
up even a hint of alternation, despite ti fhff@rer

fact that the brightness and pattern cus
differed far more than the visual stim




surfacs
shanced

h might normally be present in an
Merentiated T maze. v

wetile cues. Alternation to tactile cucs
found to occur at the low rate of 33.3%.
» was, however, a significant 76% tend-
; to respond to the mesh-covered floor
rt in preference to the smooth one (* =
%0, » < .01). When the alternation rate
corrceted for this bins, the adjusted
» of 45.6% did not differ rcliably from

+ (x = 0.7). Thus, there was no observa-

tendeney for alternation of tactile floor

alue fon
‘nificaniy
te  wa
). Boll
uce the
uglas &

factory cues. An: effective alternation .
finally found in'’s own odor trail.
was a 65.6% tendency for.these
enter the alley which had the paper

the preceding trial. This rate was
ificantly higher than a chance 50%
= 115, p < .01), but did #bt come
to differing reliably from the 61.5%

18, -
tern cuelEmte for alternation to all intramaze cues
)%. Whesglileombined. It appears very likely thab all
turn bisggintramaze cuc  alternation was due to
1 rate offiwwoidunce of odor trail, as no other effective
sed chancgistimuli were found. It is assumed that
't to havgilthe present results can be considered to
r patté B cpresent odor-trail avoidance, and not a
ot visuRrenction to visual or tactile floor stimuli,
nably di as these types of cues had previously been
ent authogiiound to he incflective.
make thglE When alternation to S’s own odor on a
50 trialsmize pad was tested, it was found to
occur at o nonsignificant rate of 55.2%
m to ma (¢ = 1.0). There was also no detectable
. othel‘Wi' fendency for this pad to be approached or

avoided on the first trial. Thus, the odor
by itsell did not appear to clicit alter-
iation unless it was in the form of a trail
mule by S on the previous trial.

47 9%.
¢ used,
ne observed
rom chang
nber of ol
y 48, the ‘

Iscussion

rant fu & The only effective alternation cuc in the
s point lintramaze class appears to be the individ-
is that bal’s odor trail. When this was absent, no
he basis fi compensatory” alternation to the remain-

ng cues was found, and when it was present,
alternntion oceurred at a rate not reliably
Edifferent from that observed when all intra-
finaze stimuli were combined. The data in-
jdicate, however, that the failure of S to

iservations
‘ailed to pied
1, despite i
pattern cod
visual stinw

which had not been ‘walked upon ..

" ' CUES FOR SPONTANEOUS ALTERNATION Som

 alternate to visual and tactile stimuli is

not due to S's failure to ‘“notice” these
cues. There were clear and significant’
tendencics for Ss to respond differentially
to black vs. white and wirc-mesh vs. smooth
floor. Such tendencies, however, act inde-
pendently on the 2 trials, and an analysis
of the data indicated that the probability
of making u response to black or wire mesh
on the second trial was constant, whatever
the first response had been. Alternation, on
the other hand, implies that the second re-
spénsc is determined by the first. 1f “atten-

tign” is objeatively defined in terins of these
differentia) rysponsée, then. i, o8

The failire to find. altbrnution to visual stimuli
agrees with. the veport by Dember (1958) ‘that
blinded mits alternate at u normal rate. In ad-
dition, the present results indicnte that Dember's
aitimald - were pol merely “compensating”  for
the loss of vision through The use of cues not
normally wed in aléermation. These results, how-
cver, ensl considernble doubl. on the hypothesis
that alternation ix a response to changed stimuli
(Dember, 1956). In that study rats were found
to approach the alley which had heen changed in
brightness between triuls, even though on the test
trinds both alleys were of cqual brightness. While
there can be littde doubt that rts do make such
responses, this does not imply that the phenome-
non is identical to spontaneous alternation. While
rats approach stimuli which are changed in bright-
ness, the present results show that they do not
alternate in response to unchanged visual stimuli.
In the usual T-maze alternation situation, stimuli
remain unchanged between trials by E, and if
differcnces do exist from trial to trial these are
duc to the presence of an odor trail (or possibly
urine or feen! boli) in the just visited alley. An
approach to this change would result in spon-
tuncous repelition, rather than alternation.

The finding of an apparent tendeney of the ratb
to avoid its odor trail suggested that a rat might
ulso react to the teail of the previous animal. No
formal test of this possibility was made, but the
data from several experiments in which the same
paper floor had heen used for different animals
were analyzed. In the records from four daily
sossions there were found (o be 187 possibilities
for Ss to respond to the odor trail of the im-
mediately preceding rat. Avoidance of this trail
was found to occur only 508% of the time, so
8s did not appear lo be responding differentiully
to the tril of the preceding S. This finding must
be limited, however, to rats which are individually
housed, as nothing is known about u possible
wvoidance tendeney in animals housed in group
eages whore dominanee hiernrchies might emerge.
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ExPERIMENT 3

Experiment 1 showed that alternation of
extramaze cues occurred at a high (756%)
rate. In the following experiment an attempt
was made to discover the speeific types of
stimuli which might have econtributed to
this alternation. The effectiveness of visual
and auditory cues, odor differences, and
deep-floor stimuli were tested both individ-
ually and in eombination.

Method

Visual extramaze cues. Group 1 Ss were used
in this and all subsequent experiments. Visual
extramaze stimuli were provided by stripes which
were allached Lo the inside top sarfiee of @ cnrd-
bowrd box which covered the maze. On the right
half of the imside ceiling were placed Va-in. red
and white stripes running paraliel to the cross
adleys. On the left side similar stvipes weore ar-
runged vertically to the cross alleys. Reflected light
from the maze made these stimuli clearly visible
from underneath. Two conditions were used for
thig test. In the first, S was given 1 trial in one
maze in one room and the next trial, 30 scc. later,
in the other maze in the other room, with the hox
placed over each mase during the test. In the
sccond test the same maze was used for both trials,
which added maze-specific cues to the situation.
Each 8§ was tested twice, for a total of 96 observa-
tions, and the intertrial interval was 40 secc., as
hoth the maze and the covering box had to bhe
transported from room to room.

Deep-floor cues. The possibility of deep-floor
evies being important in alternation was suggested
by the work of Shepard (1959), in which these
cues were suspeeted of heing important in the
learning of complex mazes by the i, The effee-
tiveness of floor resonancee differences as allerna-
tion cues was tested through the use of o special
subfloor, constructed for this purpose, which was
Lwge enough (23 X 42 in.) to form a floor for the
entire maze. The right half of this floor was made

of three layers of Ya-in. fiberhoard, while the loft

half was a solid picee of %-in. plywood. The di-
viding line between the two halves was placed
under the centerline of the main alley so that the
vight half of the main alley and the entire right
side alley were over the fiberboard layers. The
subfloor was placed on the previously used tables,
and raised from the surface by %-in. wood ped-
estals. A finger tap on cither side produced noticea-
bly different sounds.

The Ss were tested by giving them 1 trial in
cach maze and room, with the subfloor used on
both trials, but covered with a new paper floor for
each trial in order to rule out odor-trail cues. The
intertrial interval was 40 sec., and two sessions
were run, for a total of 96 observations.

Odor differences. Even though the possible odor
differences within a maze had heen dismissed as
alternation cues, it was still not known whether

ROBERT J.
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strong odor differences might produce alternatio
This possibility was tested through the use:
different smelling substances which were actual
placed within the maze, although it was suspecte
that if odor differences were normally used by n
they might well originate outside the maze. Tt
olfactory stimuli were a liquid soap with a st
peppermint smell and a decidedly aromatie pi
tobaceo, placed in open vials and taped to
msides of the ends of the eross allevs, Tobu
wits at the lefl in both mazes and the soap:
the right; positions were not switched beecause
a foar that the effocts might he lingering, Thed
were given 1 trial in ench maze and room, wi
an intertrial interval of 10 sce. or less. Each.
was run on {wo different oecasions for a totals
96 observations.

Auditory cues. The auditory stimulus consise
of a pholographie timer which emitted o buzse
sound of a mild but clearly audible intens
luch S was given 1 trial in each maze and o
with this buzzer either to the loft or right on bl
trials. The intertrial interval was 10 see., with:
and the turned-off buzzer heing transported
rectly from one maze to the next, and each:
was Lested onee, Tor a total of 48 2-trind obsers
tions,

Cue combination. Beeause of the negative v
sidis which will be discussed later, it was decids
that an attempt would be made to reconstrud »
extramaze allernation cue combination by us
simultancously most of the stimuli which I
previously been used separately. In this expering
a single maze was used for both trials, altho
these trials were given in different rooms. T
make the maze portable, the subfloor used in
deep-floor ecue experiment. was attached by a b
lo this maze so that dilferent paper floors cod
he inserted easily bhetween trinds, the mubitory a
buzzer was atiached 1o the outside of the b
of the right side alley, the two odor vials we
attached inside the bult ends of the side alle
and the extrimaze box was attached 1o (he mg
It was possible to switeh rooms and start the s
trint within about 50 see. Each 8 was given 1 4
with these combined cues in one room, and w
confined to the wastebasket until 1he maze %
placed in the next room for the next trial. Ko,
wis tesled on two sessions for a total of §
2-trial observations. The constant or alternatall
cues were a combination of visual maze-spedt
and extramaze cues, auditory, decp-floor, and ody
differcnce cues. Odor-trail cues were elimingis
by using different paper floors on the two trials

Results

Visual extramaze cues. Alternation |
extramaze cues did not differ signifieanty
from chance, either when these cucs wa
isolated (45.8%) or when they  wo
used in combination with maze-speck
cues (51.0%). Since no stimulus hiases we
found, the chance rate was 509%. Ti
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X nent added further evidence against
iy § ibility of spontdneous alternation
ed ! to visual cues of nny type.

floor or vibratory cues. Alternn-
B tioh to subfloor cues was found at w rate

ng B of 52.1%, with no stimulus bius present.
}:z B Thix ﬁld not, of course, come close to being
0 | tly different from chance, and

concluded that deep-floor cucs
did not affect alfernation, as these
far more intense than would be
the usual subfloor ung;lc‘l_'{i'y g 8

howevcl, a sngmﬁcm tendency

When the alternation rate ‘was
- for this bias, the resulting rate

dumee (x2 = 0.3). Since these odor dif-
frenec; were ore marked than would
normally occur in a alternation sttuation,
aml singe the bias of these Ss indicates that
they “noticed” the odors, it is unlikely
that alternation of odor differcnces oceurs

B inthe T maze.
(o8 Auditory cues. Altcrnation to auditory
:2 ‘s wies occurred at a rate of 47.9%, which did
10 78 wt differ reliably from 50%. No tendency
1 i wns found to cither approach or avoid the
U il side closer to the buzzer.
re

{'ne combination. When Ss were given
o & theopportunity to alternate simultancously
«t F to maze-specific plus visual extramaze plus
al ‘& wditory plus odor-difference plus deep-
as B flocr cues, the astounding result was that
A they failed to alternate ab greater than a
N S
3 @ dianee rate. When the observed raw rate of
le R 419% was corrected for the previously
ic @ wentioned odor preference the result was
- B m adjusted rate of 52.1%. This was
d senificantly different from the 75% rate
weasured earlier when two different mazes
fad heen used in the same position in the
ame room  (with odor trail, of course,

Sy e adg i

0 wled out), and the difference was reliable
}; B at[ar beyond the 1% level (* = 21.8).

e 20 Discussion

ic B At this point the scarch for the cues
‘¢ ki

‘8 which had been responsible for the high

| CUES FOR SPONTANEOUS ALTERNATION.

ch the peppermint smell. rather
tobacco (66.7%, x* = 106, p

did not d:ﬂ'cr significantly from -
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rate of ‘“extramage” alternation in Ex-
periment.- 1 could ‘be considered to be a
total {aiture, (lcamt(, the fact that cvery
type of stimulus of which the author (and
mnny others) could conceive had  bheen
tested both alone and in combination with
all others. The results did, however, show
that there was no simple relutionship he-
tween t;he casc with which stimulus differ-
enices‘can be learned and their use as cffce-
tive alter n.mon cues, OI)vxously, the failure
to find: an effective extramage altemamon
cue must -have been
mcludé it'i ng the
nase alterns

have, mcludgﬂ% “sonte” factor. nnssmﬁ Arom’
this cxperimént. The discovery of the

important difference came about entirely

by accident when' the author reran the. -

auditory cue test using a different stimulus
(a musie box). On that test the mazes were
realigned in their separate rooms so that
hoth were now pointing in the same di-
rection, while in all previous experiments
(except for the extramaze cue test in Ex-
periment 1) the mazes had pointed in
dircctions differing by 90°. Suwrprisingly
cnough, Ss began to alternate at a very
high rate, in contrast to the carlier negative
results. At this point the mazes were once
again pointed in perpendicular directions,
whercupon alternation fell back to a chance
50%. These results suggested that the rat
was somchow able to use spatial divection
cucs in alternating, and that these were
the important cues missing from this ex-
periment but present in Experiment 1.

ExreriMenT 4

Although in the music box experiment
discussed above Ss alternated spatial di-
rection at almost the same rate as they had
alternated to the extramaze cucs in Ex-
periment 1 (74% vs. 75%), it was still
not known whether the results were an
artifact due to some stimulus present in
both rooms and deteetable in hoth cases
only when the mazes were in the precise
locations used. For this rcason the experi-
ment was repeated, but with the parallel-
alley mazes pointed in 2 common direetion
90° to the left of the ecarlier positions.
In addition, the experiment was repeated
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with the maze alleys aligned in parallel,
but with each maze pointing in the opposite
divection. In this way an alternation of
spatial direction would require that S make
the same turn twice in a row. The musice
hox was, of course, discarded.

Method

Mazes parallel, pointed same direction. Mazes
woere placed so thal they pointed in the same di-
rection, with alleys parallel, but with each placed
against. the west wall rather than the north. The
S was given 1 trial in one maze in one room and
earried dircetly to the next maze and room for
the second trial, with an intertrial interval of 10
see, or loss, KEach S was tested on two sessions for
a total of 96 observations,

Mazes parallel, opposile directions. This test
was done both using two rooms and with both
mazes in the same room. In the two-rcom test,
the mazes pointed (a) north and south, and (b)
east and west. The Ss were given two sessions in
cach condition, for a (otal of 192 observations.
Procedure was otherwise identical to that above.
This experiment was repeated using both mages in
the larger of the two testing rooms. In this test the
mazes were pointed toward each other and placed
on the same large table in the center of the room.
Both north-south and east-west alignments were
used, and a total of 192 observations made, wsing
test procedures outlined above.

Results

Parallel mazes, same direction. A very
high rate of alternation was oncc again
found in this situation (81.3%). When this
figure was combined with the carlicr results
from these same conditions, a mean of 77.6%
aiternation was found for what will tenta-
tively be termed spatial-direction alterna-
tion. This rate is well above chance (¢
58.5, p < .01}, and more than sufficicnt in
magnitude to account for all of what was
thought to be extramaze cuc alternation.
These results indicate that alternation when
two mazes are used is dependent upon alley
orientation rather than on the loeation of
the maze, and that the extramaze cue is
actually spatial dlrcctxon or at least rela-
tive direction.

Mazes parallel, opposite dtrectwns On
the first part of this test, where the parallel-
alley mazes were pointed in opposite di-
rections and placed in two different rooms,
alternation of spatial direction dropped
to 61.5%, which was significantly lower
than in the same-direction condition abave

ROBERT J.
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(x* = 125, p < .01). This rate was, hof alte
ever, well above chance (x* = 101, § situ:
< .01) sligl
On the second part of this test, in whidivoly
both mazes were in the same room, a ’thcn
of 63.5% was found. This rate is nealf ghou
identical to that found when two mm\,.duu
were used, and is also both reliably highg
than chance (x* = 14.1, p < .01) and lovf:
than that found in the same-direction e Aj
periment (x* = 9.8, p < .01). Once againtlf 4o,
results indieate that alignment and directidg: spon
are the important factors, and not {§ pase
number of rooms used. - dire
Discussion i that

infor
These results leave little room for dou

that the results of the cxtramaze cue
in Experiment 1 werc attributable o
tendency of S to turn in opposite spatf
directions, and probably not due to e
vironmental stimuli, as had originally I
supposed. An cxtensive logical analy
showing that the present results could
possibly have been duc to Ss’ reactin
to room cues can be found in Dougy
(1964) . For present purposes it can be stal
that almost identical results were obtai
with the mazes in the same or in diffe
rooms, or in different positions within the
rooms. In addition, the results of the seco
response cuc test in Ixperiment 1 show
that if S had made its first response as aw
action to somc room cuc, then its seeo
response was not in the opposite directiont
that cue, but was instead independent of
first.
Although alternation of spatial dirceti
was definitely lower when the mazes wef-

room
turns
innh
= duriny
held §
(o rig
sessio;

As
pointed in opposite, rather than in (& some
same, directions, the reason for this cfff run. I
can only be guessed. It was probably i ;’:‘""‘lv
duce to any opposition from o tendency “;3\': |
make alternate body turns, as the resu@® foor.
of Experiment 1 showed that such a tend greate
ency probably did not cxist. In any cvafs above
the back-to-back  totl ¢

configuration greaifle
resembles that of a = maze, and may o
plain why Walker, Dember, Earl, Fa
and Karoly (1955) arrived at a much low
estimate for the strength of extramaze a
alternation than was found here in

periment 1. One reason for the redu

A pm('m
= ernl tl
Al
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roaue . altarnation._and mi

sternation rate in the opposit.e-difeetion
situntion may have been that the rats were
dightly disoriented by the extra turning in-

st in wh volved between trials. If this were so,
00M), & then deliberate turning between trials
tc iz ne should have an even greater effect in re-

. two 3 vf ,ducmg spatial alternation.

¥
; EXPERIMENT 5

At this point the evidence clearly in-

v jdieated that the greater, part. of the rate’

ncee ;
and di o E spontancous alternation in the T mase was
and e based on a t.endency to turn in opposite -
i ' nt,,It was mnpeeted
oom fo
unaze. ov i ;
ibutable 4 tEbeweon trials. 1If tlns wgl'e true, then it
pposite Bhould be possible to diseupt alternation
ot due 0! tven in “normal’’ T-magze situations, as wdlv
oy lhll““ : in the pamllel-alley, two-maze situations.
gica
ssults could:m *ﬁlcthod
o S¢ Te,‘w“ * The maszes were -ppce again placed in separate
nd in Dﬂ\l vomns with t.hmr alipys parailel, and with both
s it can be Bhl nn-« pmnlnm in the sume direction. The Sz were

gnin given 1 trinl in each mase, with E carrying
8 dircetly from one room to the next between
als. This time, however, E made a 360° pirouette
Ewhile careying S from one mase to the next. Each
8 wns lested once, for a total of 48 observations,
L {n an altempt to disorient 8 more completely
after the first trial, 8 was carried into a darkened
tooin neross the lmll and S\Ib]!‘ct(‘d to eight rapid
turns (of varying degrees) in al(cma.tmg dircctions
in 1 horizontal plane. The S was placed in B’s hand
during (his procedure, with the body and head
lbeld parallel to the floor; the turns were from left
. . % rlgM and vice versae. Each S was tested on two
f Sl“""‘“l dircctig., jons for a tolal of 96 obscrvations.
n the mazes WERE Ay the procedure above appeared to produce
ther than in Ulome emotionality, two control experiments were
n for this effedi ui. In the first, the procedure above was repeated
150 bably W ept that 12 turns in rapidly alternating direc-
was prooably N fony were made in an up-and-down plane, rather
rom & tendency S orizontally, with S still held parallel to the
wns, as the resuMBoor. This procedure appcarod to produce an even
1 that such a tenqeater emolional reaction in the rats than the one
t. In any eve w The 8s were tested on two sessions for a
exist. in " arealiie™ of 96 observations.
nﬁg,ulatlon SUCANE 11 the sccond conirol cxperiment an attempt
maze, and may jas mnde 1o rule out the possibility that these
ember, Earl, Fa o dures might merely disrupt behavior in gen-
1 at & much loue I through fear or other side effccts. The Ss were
‘Z\e( ¢ cxt.rama ze 8 ied in n normal -all-cue T-maze situation, with
th O
found here in B
son for the redus

ts werc obtaing
ic or in differes
jons within thos
alts of the secom
riment 1 shows
, TCSPONSC 48 8

then its scc__
poqtc direction
ndependent of

nontal turns between trials. If this procedure
ipled behavior in general, then alternation
Bhould fall to the chance level, but if it only
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nﬂ'ected spatial altemn.hon. then Ss should alter-
nate-at a rate cha.mcterimc of gdor-trail avoidance.
Each 8 was given 2.consecutive tripls in the same
maze in the ssme ppom with the mme paper floor
on hoth trials. In short, Ss were tested in an ortho-
dox spontancotis-aiternntion situntion, excopt that
the eight turns in a horisontal plane were given
between trials. The intertrinl interval in  these
turning tests wis roughly 30 sce. This tost was
given in two sessions, for a tolul of 96 observations.

Results

When § was given only one 360° hori-
zontal turn between trials, alternation was
n the rate '0f '64.6%, which

(e %

rials migl

dxreatnm ﬁmases., he pregent 64.6% rate
just misscd. heing mgmﬁcantly lower than

the rute obtained under the sume conditions, |

but without a turn between trials (* =
3.5, p < .07). This failure was probably
duc to the fact that only 48 observations
were made, but the results did not appear
to warrant further testing.

When 8 was turned cight times in a
horizontal plane between trials, alternation
occurred at a rate very close to chance
(53.1%, x* = 0.4). This rate was, of course,
gignificantly lower than the ncar 75% for
Ss that had not been turned between trials
(x* = 245,p < .01).

When S was turncd 12 times in a ver-
tical plane between trials, alternation
occurred at the very high rate of 79.2%, a
figure very close to that cxpected in this
situation if no disruption were produced by
the vertical turning. Since the cmotionality
produced by this procedure appeared to at
least equal, if not exceed, that of the
horizontal turning, it is very umlikely that
the reduction of alternation to a ncar-chance
rate in the latter situation was due to emo-
tional factors.

When Ss were tested in a normal all-cue
alternation situation, but with eight hor-
izontal turns between trials, the alter-
nation rate - (66.7%) was found to be
significantly lower than the normal ali-cue
rate of near 80% (x* = 7.6, p < .01). Since
this rate was very close to the 65.6% found
for odor-trail avoidance, the amount of

ﬂm ato o served whcnl‘
‘ ﬁpuld appear:v, )
fmmd ‘with oppwte-‘>
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182 ROBERT J.
alternation observed in the present situa-
tion was very likely due to the odor-trail
avoidance tendency, which was apparently
not affected by the turning procedure. These
results suggest that the effects of horizontal
turning were due to a sclective disorienta-
tion of the direction cues normally used by
the rat.

Discussion

The evidence now appears to clearly
favor the hypothesis that alternation is
based on a relatively weak odor-trail
avoidance tendency interacting additively
with a mueh more powerful tendeney to
turn in opposite spatial dircctions at a
choice point. Evidenee for the first factor
consists of the findings that rats alternated
at a moderate rate when the only constant
cues available on the two trials were those
provided by the paper floor. In Experiment
2 it was shown that this tendency is prob-
ably not duc to.the possible visual or
tactile cues associated with this floor.

Evidence for spatial alternation consists
of the obscrvations that alternation of
dircetion in space occurred at about the
same rate when the rat was run in the
same location and when the two trials were
given in separate rooms, as long as the
mazes were parallel and pointing in the
same dircetion. Alternation was reduced
either when the mazes were pointed in
opposite dircctions in the same or different
rooms, or when S was given one 360° turn
hetween trials. Further, alternation was
found at a normal rate when S was turned
in a vertieal plane (up and down) between
trials but reduced to a rate very near
chance when Ss were turned in a hori-
zontal planc between trials. When the latter
conditions were repeated with the addition
of odor-trail cucs, Ss alternated at a rate
characteristic of odor-trail avoidance. This
strongly suggests that the rat is eapable of
knowing its position in space rclative to a
previous position, and uses this information
in alternation. The most obvious candidate
for the rclevant sensory organs is the ves-
tibular system, more specifically the semi-
circular canals, which are sensitive to ac-
celeration of turning movements in three

M

DOUGLAS

planes, only onc of which, the horizonts
one, would be particularly relevant hex
This information could conceivably he thg
basis for a spatial position sense. As a fu}
ther check on this “vestibular” hypothess
the present author investigated spontance
alternation in rats with middle ear discay
a disease which results in progressive {
struction of the Inner ear organs, usuall
unilaterally. While such unilateral
struetion of the cochlea probably does m
greatly interfere with audition, a unilaten
insult profoundly disrupts the paired
balanced vestibular system. It was for
that these animals appeared to completel
lack spatial alternation, while still vetai
ing normal odor-trail avoidance tendenc
(Douglas, 1966). If such a dircetion or pes
tion sense exists, then the possibility of o
tical representation must be considered. U
fortunately, there is no general agreen
among anatomists as to the location or ev
the existence of a vestibular projection a
Tt has been reported, however, that ablatid
of parietal cortex in monkeys apparen
results in a loss of spatial position sensei
monkeys (Ettlinger & Kalsbeck, 196
This suggests that equivalent lesions in
should eliminate spatial alternation throu
the elimination of the scnsory system i
volved.

While most of the results reported here
statistically significant and internally consist
it is not intended that they be extended with
reservidion to alternation behavior observed v
conditions other than the free-trial, unrewardd
response procedures used here. There is «
reason to believe that foreed-trial alternation, wi
or without reward, differs in some respects f
froo-trinl alternation. The foreed-frial proced
tvpically involves blocking off one of the s
alieys of the T maze so that § can visit only
of the alleys on the first trial (or first block
trials), with the sccond or test trial being a b
choiee, as the bloek has heen removed before
trinl. While alternation using this tvpe of
cedure “should logieally involve both odord
avoidance and spatial-divection alternation, it
would he expeeted to involve the added facla
an approach to change (Dember, 1956), as |
now unblocked alley has obviously been chay
hetween trials. If this tendency interacts additiv
with the other alternation tendencies, then
would expect that forced-trial alternation she
generally he found to occur at a higher rate (i
frec-trial alternation. In one study in which




fwere obscrved under both condmons, it was found
that (oreed-trial alternation was indied bigher than
free-trinl (Dember & Fowler, 1059), In fact, the

fexpected if spontaneous alternation and the ap-
poach to change were mdependent and additive
Jaclors.
Thls analysis ‘helps to explam the apparcntly
60 trmhctory finding by Estes and Schoefller
(1055) that odor-trail aveidanci docs not occur.
rggans, ususligiills that study a forced-trial procedure was used,
unilateral . faad » possible odor—tml avoidance tendency was
bably does ppporcd by both spatia on

the tendency to approwhcham ‘Considering th
)l“’ 4 uni te former tendenoy is relati wegk, 9
she paire ’
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conside
wral ag
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eys apparentig
josition sen
alsheck, 1962)
it lesions in’
wrnation thro
sory system ind

E The present series of - ime
mm:h to clarify the relation betw

Falternation cues. Walker and Paradise (1958) re-
Fported that those cues which .were alternated at
tthe highost rate were those which were also
kenmetd the fastest. In' that study, however, stim-
uli were not actually isolated, and alternation was
istiibuted to a certain cue mainly by inference.

eues which are easily learned were simply not
sliernnted to, with the best example being the
visual brightness stimuli. Thus, the lack of alter-
pation to a stimulus does not imply that it will
be difficult for the rat to learn to respond differ-
fentinlly to that stimulus. On the other hand, there
{s some cvidence that the main determiner of alter-
mation, o spulial direction sense, may be very im-
pottant in the learning of complex mazes. Watson
{1907) found that if rats were first trained to per-
 fection in a maze, and then the maze turned so
that it faced in a different direction in the room,
the anitnals began to make a great many errors,
E The greatest decrement was found when the rota-
Etion wns 90°, with a milder effect found at 180°.
Il the maze was not rotated, but merely moved
in onc direction between trials, then his animals
iacled as if nothing were amiss and continued
kin their crror-free performance. These and related
findings led Watson to conclude at one point
that the scmicircular canals must be the most im-
portant receptor system in complex maze learning.
Shepard (1959) also reported that two of his rats
fwddenly lost their ability to succeed in his com-
fplex maze at the onset of middle ear disease, a

f condition which, as was mentioned earlier, dlsrupt.s
the vestibular system. It is probably no coinci-
dence that this diseasc also eliminates alternation
ol spatial direction.
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. CHOW, K.L: and DEWSON 1, J.H. (1988) Numerical
" Estimates of Neurons and Glia in-Lateral Geniculate.

i A

- 128, pp. 63-74

Division of Neurc

£

 body witin Darve dars,

. gradual seturn to normal, while
 maintaini lhilhhve!m”m

merative changes of nerve cells resulted
om destruction. of the axons over half a

jribed the - of retrograde cell de-
eneration in a wide variety of pathological
nd experimental material. Efnarson ('60)
pas reviewed the literature extensively, so
ghis will not again be detailed here. Be-
puse of the irreversible and localized na-
re of the cell-atrophied zone in the
amus, retrograde degeneration has
used by investigators to determine
projection of the thalamo-cortical con-
petions of many different species. Results
pve shown that almost all of the dorsal
alamic nuclei sustain retrograde degen-
ation following ablation of corresponding
Hcal areas (Clark, '49; Peacock and
pmbs, '65; Powell, °52; Rose and Woolsey,
B; Walker, '35, '38).
The completeness of cell loss in the
iected regions varies from nucleus to
eus. The dorsal nucleus of lateral
aiculate body (for brevity, the term “lat-
geniculate” will be used hereafter)
ows o sharply delineated zone of cell
bophy as well as a severe logs of the
urons within the degenerated area after
ol lesion of the visual cortex. Lashley
1) reported practically no intermediate
pusition between a normal number of
is In the unaffected region and no neu-
ms in the degenerated part of this nucleus
rat. A similar, almost total depletion of

». Nzun., 198: 63-74,

Rescits 8K : .,“i e

ety ot

umerical Eshmcttes of Neurons and Glia in Lateral
eniculate Body During Retrograde Degeneration '
" * KAO LIANG CHOW ao JAMES M. DEWSON, IT

eurology and Department of Peychiaity, Stbnford University
"""“"“‘““‘""‘:"‘”"c""’““‘“ mh L S

" post:operstive day, and about 26%. remained ¢
" resdtions ‘were ential and complex: astrocytes showed rapid proliferation with
oligodendrocytes and microglia incre

neurans during retrograde degeneration
has been found in the lateral geniculate of

rabbit, monkey, and man (Polyak, '32;
y ago, numerous studies have de.

Powell, '52; Rose and Woolsey, '43; Walker,
35, ’'38). In the cat, however, many neu-
rons persist in the lateral geniculate fol-

lowing destruction of visual cortex (Min-
kowski, ’13; Waller and Barris, '37).

Whether these remaining neurons repre-
sent the cells with short axons is not known

(O’Leary, "40). No quantitative determina-

tions on the time-course of the disintegra-
tion of the neurons in the lateral geniculate
during retrograde cell-atrophy have come
to our attention.

In common to many types of traumatic
and degenerative lesions of the brain, pro-
liferation of glial cells is present in the
lateral geniculate during retrograde degen-
eration (Glees, ’55; Penfield, '32; Rio Hor-
tega, '32; Windle, '58). Several studies on

the gliosis of the lateral geniculate during

retrograde degeneration are relevant to the
present experiment. Albers (in Windle,
*58) failed to find significant differences of

the amount of proteclytic enzymes between
the degenerated and normal lateral genic-
ulate. Koch, Ranck and Newman ('62)
reported an increased concentration of

1 This zesearch was supported by grant NB 3816-04
sand NB K6-18,512 from the National Institute of
Neaurological ses and Blindness, National Insti-
tutes of Health; soms of the data from this and the
following study were presented at Fall Meeting
of the American Physiologicat Society in YLos Angeles,
August, 1965. We are grsteful to Dz. K. H. Pribram
for his help and guidance in -ut!ery. and to Mr. J.
Aase for preparing the histological materfal.

63




¥ was also used. All the numerical esti-
mates were expressed in a unit volume of
1 00002 mm® (0.01 mm* X 20 ) for rabbit,
R and 0,.00026 mm® (0.01 mm® X 26 u) for

}i vat. For tissues prepared by the frozen
technique, these represent cell-deniity val-
pes. Because of the uncertanty ghout the
extent of tissue shrinkage in parafin-

from the thionin-stained slides shiould not
h¢.compared directly with such-estimates
of other reports. : o B
‘#% " We chose to count only those neurons

.+ whose nucleo were clearly visible. The
¥ criterion for inclusion of the glia cells in

" the celloidin sections was a well-outlined
“nucleus. All whole cells were counted in
the silver-stalned slides; cell fragments
) were not included. The estimates also in-
cluded half of the cells that were situated

-~ on the boundary of the counting field.
' Since our measurements were relative ones
the cell ratios of the degenerated to the
.- wmtrol lateral geniculates), we were not
wncerned with many of the sources of
~ “ias commonly recognized in numerical
determinations of cell populations (Ag-
duhr, '41; Bok and Van Erp Taalman Kip,
i9: Haug, '56). We were aware, also, that
the distinction between oligodendrocytes
mnd microglia is often an uncertain one.
We have arbitrarily made separate esti-

mates for these two types of glia cells, and -

«omputed the data separately.

On every slide through the lateral genic-
ulate of every animal used for cell-count,
wtal areas of the normal and the degen-
rrated geniculates were computed. Addi-
tiomally, the area of degeneration within
the affected nucleus was measured with a
planimeter. Séparate sums of areas of the
control and degenerated nuclef as well as
the degenerated zones were then computed.
Percentages which represent both the ratio
of the degenerated sub-area to the total
area of the affected nucleus, and the ratio
of the total areas of the degenerated to con-

Area measurements were taken only from
materials used for cell-counts. These tables
Mlso include the post-operative survival-
times of the animals, the thickness of the
scctions, and the staining method utilized
“thionin or Cajal and Rio Hortega). -

hedded material, the ‘values' computed

trol nuclei are lsted in tables 1 and 2.°
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, ,RESAULTS
The histological findings described be-

low apply only to the lateral geniculate
“ipsilateral to the cortical ablation; the lat- .
mmmﬂ!w _ipsilateral to the intagt

area wuiab!:mﬂg: normal.

Over 10%

neurons
3Wi. andwmm of va b e,,,f,'md,d :

at the periphery of the perikaryon. Inaddi-
tion, widespread damage of the capillaries -

was also apparent. By the end of one week,
the degenerated cells consisted of a large
nucleus with a thin rim of cytoplasm;
indeed, in many cases, only an isolated nu-
cleus was left. All normal neurons disap-
peared between the fourth and ninth
weeks. The time course of the depletion of
neurons {s shown in figure 1. Except for
the estimates of the first day and the esti-
mate of total neurons at the third day, all
differences between the number of neu-
rons in the degenerated and normal lateral
geniculates are statistically significant at
< 0.001 level.

The astrocytes in the normal lateral ge-
niculates stained with Cajal's gold subli-
mate were round cells showing a few
slender processes radiating outward from
the perlkaryon. We did not attempt to dis-
tinguish between protoplasmic and fibrous
astrocytes in the present study. In the de-
generated nuclef, the cell bodies showed
signs of enlargement as early as the third
post-operative day. The development of
astrocytes reached a peak between the
second and ninth post-operative weeks.
During this period, the number of astro-
cytes in the degenerated nucleus tripled
compared with its control nucleus. The
individual cell bodies and cell processes
grew in size and also increased in number

and length to form an interwoven network.

By the fifteenth week, some cell processes
were broken and separated from the cell
body. Further regression of the hyper-
trophied astrocytes continued until the
fiftieth week, when the number of cells
returned to control levels. The post-opera-
tive development of astrocytes is graphic-
ally llustrated in figure 2. The differences
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TABLE 1
Data from rabbit experiments

Total areas Sub-arens:
affocked of = d

Rabbit Survival S Stadn Thickness egenerated
. : : pon-affected zOnes
weeks | - . L) %
cr noop. CH. 20 - o
CP no op. CH. D0 - B
cp: no op. Thion 20 = -
CcP - 1day C.H, 0 R 95 -
c’ 1d.’« 2 E n‘ “ Wi e R
CPp - 1day - 20, 100. 85
cp 3day CH, 20 . 107 ™
cp 3dny . C.H. ‘20 e -~ -
cp 3day ° Thionin 20 103 - "
cp 1 CH. 20 103 81 .
cp 1 . C.H. 20 103 80
cP 1 Thionin 40 101 87
Ccp 2 CH. 20 —_ ~—
cp 2 CH. 20 98 78 !
cp 2 C.H. 20 107 86 ;
CcP 2 Thionin 40 110 k¢ ]
cP 3 C.H. 20 — —_—
cpP 4 C.H. 20 101 89
cp 4 C.H. 20 100 70
CP 101 4 C.H. 20 -— —
CP 103 4 C.H. 20 — —
CP 103 7 C.H. 20 — —
cP 7 9 C.H. 20 102 78
CP 28 9 C.H. 20 94 70
CcCP 8 9 Thionin 40 103 )
CP 107 15 CH. 20 _ -—
CPF 24 15 C.H. 20 92 3
CP 25 18 Thionin 20 - 107 54
CP 22 25 CH. 20 84 55
CP 10 25 Thionin 20 89 73
CP 11 50 C.H. 20 88 53
cP 23 50 Thionin 20 85 42 i
!
TABLE 2 ;
Data from cat experiments * ;
To [ :
Cat Survival Statn Thickness  sHorted o  diaoareas:,
non-affected xones
weeks " % %
G 18 0.5 CH. 26 — -— ;
G2 0.5 Thionin 26 — — i
G 16 1 C.H. 26 94 78
G122 1 Thionin 26 — —_
G 17 8 CH. . 26 100 72
G13 6 Thionin 52 — —_
G 10 10 Thionin 52 96 63
G111 10 Thionin 52 104 54
G1SR 14 C.H. 26 — -
G19 14 Thionin 26 99 58
GISL 27 CH. 26 —_ —_
G 12 27 Thionin 26 93 62
G 23 50 Thionin 26 87 68
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Fig. 1 Number of neurons in degenerated nucleus of the rabbit expressed as per cent of
contrel (normal) lateral geniculate during post-operative survival.
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Fig. 2 Number of astrocytes in degenerated nucleus of the rabbit expressed as per cent
of control (normal) lateral geniculate during post-operative survival.
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between the humber of astrocytes in the
degenerated and the control nuclei between

three days and 15 weeks are si . at
< 0.001 level; differences between the celf:
:1‘!71.5; . and 50 weeks) - sre #

The oligodendrocytes constituted the
most numercis elements in both the nor-
mal and, degenerated lateral geniculates.
Numierical estimates of these glial cells
were similar to control values during the
first post-operative week. The cells then
began to increase during the second week
and reached a maximum at the fifteenth
week. Their number then declined but was
maintained at between 150 and 200% of
the control value up to the fiftieth week.
With Ric Hortega silver carbonate stain,
oligodendrocytes showed an increase in cell
volume and in the number of cell processes
during the height of the period of hyper-
trophy. The differences between the nu-
merical estimates of the normal and de.

enerated nuclel at the time-intervals of
our through 50 weeks are significant at
< 0.001 level (fig. 3). The difference at

- counts made on normal materfal. No cor-

the second post-operative week is signifl-
cant at <0.01 level.

., representations of the de-!
velopment of microglia are fllustrated by;
figure 4. In the silver-stained material,’
proliferation of microglia reached fts maxi-:
mum at the fourth week and subsequently:
declined to about 150% of control at the
fiftieth week. All the differences between
the number of cells in the normal and de-
generated nuclet from the second week
onward are significant at the 0.001 level,

Table 3 includes the average numbers of
neurons and glial cells calculated from all

rections on tissue-shrinkage were made on
the values obtained from the thionin-
stained material. :

Cat, The neurons in the cat lateral ge-
niculate have been described as large,
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work. They maintained this hypertrophied used in the cell count estimates are also
state from the sixth through the twenty- included in table 3. -

seventh week (fig. 5). e number of .

astrocytes subsided by the fiftieth week, o DISCUSSION .

but was still significantly higher than the  Neurons. ' The present results show that

normal level. ‘ . retrograde degeneration of the lateral ge.
Figure S‘ddlﬂma‘l’llrd cts the progres- niculate progressed at a faster rate and
sive increase of den: and reached a more complete stage in rabbit

microgiia throughout the varfous post-
ative purvival oes. Both (ypes. of

than in cat. Severe cell-atrophy appeared

oy

: 7T e fiftieth week tn cat. Van Cravel ehd-
With the exception of thé estimates. of ~Verhart ('63) reported slow degeneration
the total neurons and the three types of rates of the optic nerve in cat. Ouir findings
glial cells at the third post-operative day, - add further evidence on the slow degenera.
all the differences between the cell counts tion of fiber tracts in the central nervous
of experimental and control materials at system of this species. The large amount
each -operative week were statistically of residual, riormal neurons in the degen-
significant at <0.001 level. The averages erated nucleus probably will remain in cats
of neurons and glial cells calculated from with survival times even longer than 50

all the normal lateral geniculates of cats weeks. This is in contrast to the practically

" I V

_ T T ™ T T
O Astroc ‘

 day, . Also,

Qv ‘crgq )

&3 Oligodendrocyte .. -
o===6 Normal neurons remaining

O=e==0 TYotal neurons

»
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]
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%100
g ~0—50._0.__ ,
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Fig. 5§ Number of cells in degenerated nucleus expressed as per cent of control (normal)
lateral geniculate of the cat during post-operative survival,
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wotal absence of normal neurons in our
rabbit material and in the degenerated lat-
vral geniculgte of rat, monkey, and chim-
panzee (Lashley, ‘41; Polyak, '32; Walker,
'35, '38). Both the above indings plus the
fact that no retrograde degeneration of
retinal  ganglion cells ¢ be demon-
strated up to six mox
lateral optic tract

ies-specific peculiarities of the cntﬁvlmal: - moxe
. ’ - mormal. - This

svstem. e
Moregver, there is also a difference in

the degree of sharpness of the boundaries

hetween the degenerated and undegem-
crated zones of rabbit and cat. We have
made serial cell-counts from the undegen-
crated to the degenerated areas of the lat-
cral geniculates in cats and tn rabbits that
survived more than 14 weeks. The results
+howed that the boundaries in the’ rabbit
material were sharp, consisting of only a
narrow (less than 0.05 mm) transitional
tone. In cat, this intermediate area ex-
tended up to 0.5 mm, within which neu-
rons, especially the large ones, progres-
sively decreased toward the center of
degeneration. This finding was reminfs.
tent of that reported for the opossum
Diamond and Utley, ’'63). Whether it
suggests a similar overlapping projection
of lateral geniculate and pulvinar to striate
and its surrounding cortices remains to be
determined. Finally, the question of the
- origin of the normal, small neurons which
- persisted in the center of the degenerated
one of cat may be raised. Are they the

* sime ones that existed there before the

process of degeneration, or could it be that
some may migrate from the nearby inter-
mediate, degenerated regions? ~Would
these cells also degenerate if the cortical
i leslons had been larger, hence including

i areas other than the visual cortex?

Glial cells. The spread of gliosis during
retrograde degeneration also appeared to
be faster in rabbit than in cat. The devel-
opment of astrocytes indicated a biphasic
Process. In rabbit, its initial proliferation
feversed to the normal level by the twenty-
fifth week. Even at the fiftleth week, the
"umber of astrocytes in the degenerated
nucleus of cat was still significantly higher
than the control value, although had longer
Post-operative survival times been allowed,

. followine. ont.  ©
unpublished materfal) point to some spe-

: g:{ m.abliy also would return to the nor-

], Furthermore, the cat material
showed that both oligodendrocytes and mi-
croglia increased continuously throughout
the post-operative period, reaching their
peak at the fiftieth week. At the end of
Ppresent expetiments, the degenerated

grade cell-atrophied zone.
The gliacounts made on the silver-

stained rabbit sections gave lower values
than those on the thionin sections. Since

the latter were not corrected for tissue
shrinkage, these counts were perhaps 20-
30% higher than the actual values. Thus,
our result indicates that the silver method
is reliable and probably stained most of
the glial cells. It should be noted that
because of the small number of cells in
each count, an occasionally large differ-
ence between the percentages based on the
two different stains (such as the one be-
tween the percentage of astrocytes at the
second operation week shown in fig. 2)
may actually represent a difference of only
one cell. The discrepancies between: the
two estimates of microglia at the last three
post-operative periods (fig. 4) may reflect
the difficulty in resolving the crowded nu-
clel of the increased number of capfllary
cells mixed with the clusters of microglia
in the thionin sections.

Errors in numerical estimates. There
are many possible sources of error inherent
in any numerical studies. Some of the
biasses, such as the staining quality, sec-
tion thickness, subjective criteria, and so
on, raised by many investigators are par-
tially controlled in the present study by
the use of relative measures.

Due to the incompleteness of the cor-
tical lesion, the lateral geniculates showed
only subtotal degeneration. Tables 1 and
2 show that the volume of the degenerated
zone ranged from 42 to 88%. The ques-
tion whether tissue shrinkage would in-
crease the cell-density estimates may be
raised in this regard. We are confident
that this factor does not materially alter
our results for the following reasons. First,

of both cat'and rabbit contained the

or hi sbers of astrocytes than
norims plus about 200%

oligode nd microglia than

ate of gliosis in a retro-




e e p——— e e —————

72 KAQO LIANG CHOW AND JAMES ¥, DEWSON, I

the glial cells increased to a maximum
between the second and fourth week in
the rabbit and between the tenth and four-
teenth week in cat. No decrease of the
volume of the lateral geniculate was ap-
parent during that early phase of degen-
eration. Second, at the end of the fiftieth
week, both the oligodenidrocytes and mi-

a in cat and it maintdined the

high level of 150-200% of control. Al

though there is about 15%. shirinkage of

the degenerated 20ne, §t could not alone

account for such Jevels, Even

allowing for the possibility of increasingly

large areas of degeneration, the smount-of
shrinkage still could not reach more than
30%. Third, the neurons either disap-
peared completely (rabbit) or reached a
steady state (cat) without showing any
signs of being affected by continuous
changes of volume. Fourth, changes in
cell-counts were accompanied by morpho-
logical changes of glial cells such as in-
creased size of cell body, thickening of

cell processes, etc. They were highly cor- .

related processes. Since the latter could
be easily observed, the former could hardly
be entirely produced by the shrinking of
degenerated tissue. Although it might be
desirable to use a larger number of ani-
mals at each time-interval for cell-count
purposes to control for possible effects of
individual variability, we nonetheless feel
that the numerical estimates reported here
represent the order of magnitude of rela-
tive changes of the number of neurons
and glial cells during retrograde de-
generation.

In summary, we have shown that (a)
the time course of retrograde neuronal de-
generation in the lateral geniculate body
shows a species difference, (b) the pro-
liferation of glial cells, in general, troes
not parallel the time course of neuronal
degeneration, and (c) astrocytes, specifi-
cally, show a waxing and waning which
does not parallel the development of oligo-
dendrocytes and microglia.
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