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Abstract

Thlis experiment tests two hypotheses, "the infor-
mation” hypothesis and "the most recent novel taste"
hypothesis, as explanations of some characteristics of
conditioned taste aversion. The information hypothesis
predicts that a leading, informative stimulus acquires
greater reinforcing strength than a second, redundant stim-
ulus. In contrast, the most recent novel taste hypothesis
predicts that the most recent of two consecutive stimuli
acquires greater reinforcing strength, The strong version
of either hypotheslis predicts that one stimulus alone ac-
quires reinforcing strength, while the weak version of
elther hypothesis predicts simply that one stimulus ac-
quires significantly greater reinforcing strength than
the other,

Rats, habituated to drinking distilled water during
two consecutive drinking periods of three and seven mine-
utes, respectively, were presented two distinctively flg-
vored fluids, one sweet and one salty. The sweet tasting
fluld was always flavored with saccharin; the salty tast-
ing fluid contalned toxic lithium chloride during acquisi-
tion and reacquisition, and it contalned non-toxic sodium

chloride durling extinction., There were two groups; ane



received the sweet tasting fluld followed by the salty
tasting fluld, while the other the fluids in the reverse
order,

Both groups demonstrated the acquisition, extinction,
and reacquisition of a condltioned taste aversion. Al-
though both groups suppressed the intake of both fluids
substantlally during acqulsition, they suppressed the
toxic fluld significantly more than the non-toxic fluid
during reacquisition, suggesting thap a discrimination
had taken place over the course of the experiment between
the toxic fluid and the non-toxic fluid, regardless of
position.

Some support for the weak version of the most recent
novel taste hypotheslis over the information hypothesis was
found in the extinction phase of the experiment alone, as
indicated by the possibly lower asymptote for the group
with sodium chloride in the second position.



Research review and introduction

Associative learming with a compound CS

Two chnllenges to the traditional understanding of
assoclative learning have arisen on the basis of research
over the past two decades, The first results from the in-
creasing experimental control of attention, while the
other, a new and distinctive area of study, is conditioned
taste aversion., Of specilal concern here, is the increased
understanding of the complexity and variety of responses
to a compound CS.

Recent experimental”work (Rescorla & Wagner, 1972;
Wagner, 1969; & Kamin, 1969h) suggests that animals do
not payv equal attention to all components of a compound
CS. HYxemples of differential responses to the individual
components of a compound CS are XKamin's "blocking effect"
and Vagner's "overshadowing." Xamin railses the possibil-
ity that mere contiguity 1s too simple an explanation for
the association of a compound CS with reinforcers. He
reports

a fundamental dissatisfaction with the notion
that contiguous occurrence of events in time is
the necessary and sufficient condition for estab-
lishment of an association. This simple and
skeletal proposition, however, has been at the
core of virtually all theorizing about condi-

tioning., The conceptlion of an animal attending
to, selecting, and choosing from zmong stimuli



presented to i1t is clearly allien to the temper
in which most experimental studies of learning
have been performed,
(Kamin, 1969b, p. 42)
Te suggests that ﬁith the experimental control of attention
a more accurate understanding of assoclative princlples 1is
vossible.

Rescorla and Wamner have proposed an alternate model
to the one postulating that a compound CS acquires rein-
forcing strength as a whole. They propose instead that the
individual components of a compound CS may acquire rein-
forcing strength individually and sum to some maximum,

Of particular interest to the present study is the
work of &Hgger and Killer (1963, 1964) who found that the
Individual components of thelr compound C3 did acquire dif-
ferent amounts of reinforcing strength., They developed a
paradigm to test their "information" hypothesis. They pro-
posed that the leading stimulus of a compound CS acquires
greater reinforcing strength than a second, redundant stim-
ulus,

In contrast, a central hypothesis in conditioned taste
aversion is "the most recent novel taste" hypothesis, Gar-
cia and Revusky (1970) suggest that in conditioned taste
aversion the most recent of two consecutive taste stimulil
acquires greater reinforcing strehgth.

Here then are two hypotheses with different predlc-

tions for two stimuli, when the presentation of one follows
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the presentation of the other, In the present ereriment,
these two hypothesgs will be applied to conditioned taste
aversion., Before the opposing experimental predictions
for this study are developed, a general discussion of con-
dltioned taste aversion will be set forth. Also, the
bacquoﬁnd for the information hypothesis will be pre-
sented,

Conditioned taste aversion: "The most recent novel taste

&

hypothesis

The natural phénomenon, "bait-shyness,"”" is well-
known (Barnett, 1963). yi1ld animals which have been poi-
soned or become 111l from contaminated food, and survive,
tend to reject any novel tasting substance which they con-
sumed within a dayv or less prior to their illness (Garcia,
Erwin, & Xoelling, 1967). Garcia demonstrated this effect
in the laboratory by producing a conditioned aversion to
saccharin (sacc.) 1n rats after gamma ray exposure, an e-
vent which produces nausea (Garclia, Kimeldorf, & Koelling,
1967). Thus, conditioned taste aversion is frequently re-
ferred to in the literagture as the "Garcia effect.”

Conditioned taste aversion, then, is that learning
which occurs when anlimals which have consumed a fluid or
food with a novel taste and suffer aversive effects such

as nausea, subsequently reduce their intake of the food or



fluid in question. When this occurs, 1t is theorized
that the animals assoclate the aversive effects fol-
lowing intake of the flavor with its novel taste, This
process of conditioned taste aversion is distingulshablg
from a neoprhoblc response where animals reduce the amount
of a substance they consume when they filrst encounter 1its
novel taste,

Learning in which taste and gastrovisceral
effects are assoclated 1s not restricted to avoidance
learning. The positive form of thls learning is called
"learned safety." In general a weaker effect, it occurs
when an animal assocliates a taste with a positive visceral
effect such as recuperation from an illness or recovery
from a nutritional deficiencyv. Green and Garcia (1971)
demonstrated that rats increased thelr preference for milk
or grape Jjuice, after they drank one of those fluids during
the period of recuperation from the 111 effects of apomor-
phine injections. Rozin and Kalat (1971) worked with thia-
mine deficient rats., They showed that the rats increased
their preference for a food or fluld containing thiamine
or which was followed by an injection of thiamine., A per-
sistent change in taste preference 1s known as the palata-
bility effect,

Conditioned taste averslon differs from other types

- of learninz in at least four ways. Gércia and Koelling



(1967) described three characteristics as distinctive

+ features of condltioned taste aversion, while the fourth
i1s crucial to an understanding of the most recent novel
taste hvpothesis. They are: (1) unusual length of the
interval between stimnlus and reinforcement, (2) the pre-
cedence of taste stimulili and gastrovisceral effects, (3)
the rapidity of learning, and (4) the importance of novel-

tv.

Unusual length of the interstimulus (C3-U3) interval

Nachman and Jones (1974) demonstrated reliable conditioned
taste aversion for intervals of 8 to 12 hours vetween taste
stimulus and aversive effects. That is, animals consuned
a novel substance and suffered aversive effects 8 to 12
hours later. On the next day they suppressed the intake
of the novéa tasting substance significantly.

Ordinarily, a .5 second interval between the condi-
tioned stimulus and the wunconditioned stimulus 1is required
in order for classical conditioning to occur maximally;
three seconds is normally cited as the longest possible
interstimulus interval. Clearly, conditioned taste gver-
sion far exceeds these limits, The strenzth of learning,
however, does decrease monotonlically as the interstimulus
interval increases (Barker, 3uarez, & Gray, 1972).

Attempts to use notions of contiguity to explaln

learning which takes place over such a long time interval

o
s
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have falled, The traditional explanation of the formation
. of an assoclation where reinforcement does not immediately
follow signal or response 1s the existence of a chain of
stimilus-response events capable of bridszins the gap. LRe-
surasitation, remnants of food in the sastro-intestinal
tract, and aftertastes have all been suzgested and refuted
as possibhle links in the chain. It is now generally ac-
cepved that conditioned taste aversion 1s not estgblished
by means of mediating chains (Rozin, 1949),

3ince conditioned taste averslion does occur over long
interstimulus intervals, animals need some means by which
to select the appropriate stimulus from among the great
variety of stimull to which the animal is subject over the
intervening period,

Taste stimuli and gastroviscerasl cecffects When suffi-

cient ILiCl is consumed or injected after a novel taste has
been consumed, suppression of drinking is the result. For
long interstimulus intervals, such as 30 minutes, Hankins,
Garcila, and Rusinliak (1973) report that a novel taste is
the only stimulus dimension which rats consisténtly and
easily associated with nausea., Even the closely related

dimension of smell required repeated and immediate rein-

forcement for conditioning to occur. When Rusiniak, Garcia,

and Hankins (1976) by-passed the taste receptors and all

other oral cues completely by introducling lithium chloride
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(L1Cl) directly into the stomach of rats by intubation,

no conditioned occurred. Hankins et a2l1l, concluded that

post-ingestional cues were not sufficient for condition-
inz to occur.

Even with short interstimulus intervals, taste and
nausea are superior to other stimulus-reinforcer combi-
nations in condltioned taste averslon witn regard to ease
of association. In an experiment, Garcila ané Koelling
(1966) offered rats eilther water flavored with sacc, or
tap water accompanied by light and noise., When the rein-
forcer wss radlation with its aversive gastrovisceral ef-
fects, the intake of the sacc.,-flavored water was sup-
pressed. The intake of the water accompanied by bright-
ness and noise was not affected. 1In contrast, when the
reinforcement was shock, the intake of the water accon-
panied by brightness and nolse was suppressed. The intake
of the sgcc.-flavored water was not. They concluded that
reinforcers are not equally effective for all classes of
stimali,

Preference for the taste stimulus plays a rolé in the
strength of learning. Althousgh Green (1969) established
conditioning with non-preferred flavors, preferred flavors
produced more consistent results, as well as stronger gver-
sion., For example, Green and Churchill (1970) report that

when grape juice and milk (the preferred taste) were



followed by injectlons of apomorphine, the aversion to
milk was greaster,

Rapidity of learninag The specificity of taste stimulil

and gastrovisceral effects may be part of the reason for
the ranidity of learning in condltioned taste aversion,
Condtioned taste aversion is learned quickly -~ often in one
trial and at most in five to eight trials (Garcia, 1967),
Althouch "learned safety"” 1s a slower process than condl-
tioned taste aversion, it is still learned more quickly
than associations are typically learned in classical condi~
tioning.

Imvortance of novelty Understanding "the most recent

novel taste" hypothesis regquires an appreciation of the
particular role which novelty plays in conditioned taste
aversion, Conditioned taste aversion requlres a novel
- taste,

1l%ins (1973, 1974) reports that prior experience with
either taste or illness lessens the effect of a conditioned
taste aversion. In fact, 20 prior experiences with taste
alone (sacc.,) or six prior experiences with illness alone
(produced by injections of apomorphine) virtually elimi-
nated any evidence of conditiohing. That 1s, when a taste
or 1llness became sufficiently famlliar and was then pailred
with illness or taste, respectively, there was no apparent

conditioning., Although taste 1s the stimulus of primary

10



importance in conditioned taste gversion, conditioning
will not occur if the taste 1s not sufficiently novel.

Another way of considering the relatlionship of novel-
tyvand familiarity 1s to examine the importance of these
two factors in an experiment involving consecutive tastes,
Using novel and familiar tastes as thne independent varia-
bles, Revusky and Bedarf (1967) presented two consecutive
tastes, one novel and one familiar, in bhboth orders, Re-
gardless of position, the intake of the novel tasty fluid
was sunpressed more than the famliliar tasty fluid.

Rozin and Kalat (1970) challenzed the notion that
the most recent novel taste always acquires the most rein-
forcing strength, when two tastes which are both novel are
presented consecutively in a conditioned taste aversion
paradigm., They proposed, instead, a2 salience hypothesis;
they suggested that the stimulus which is most distinctive
in terms of flavor quality and concentration as well as
novelty acqulres the greagtest reinforcing strength,

They presented one novel taste stimulus for two and
one half minutes, followed 15 minutes later by a second
novel taste stimulus, also for two and one half minutes,
After 15 minutes they intubated the rats with six ml, of
.15 M LiCl, Eight sequences, pairs of the four following
novel tastes, were presented: 5% casein hydrolysate, .15

M sodium chloride (NaCl), 10% sucrose, and .17% vanilla

11



‘extract,

Kalat and Rozin found that it was not always the most
recent novel taste which acqguired the greatest reinforcing
strenwth,iaé demohstrated by suppression of drinking.

There seemed to he a hierarchy based on sallence., They
concluded that some flavors, such as casein nhydrolysate,
were more salient than others and therefore would be sup-
pressed by conditioning more than a more recent novel, but
less sallent fl%yor.

Best, Best, and Lindsey (1976) have shown more Trecent-
1y how the role of cue additivity rather than salience
could account more accurately for the results of Kalat and
Rozin's experiment. They used the same tastes, except that
they substituted non-nutritive sacc. for sucrose., They
provided two-minute access to the tasty fluids, one fol-
lowing immediately after removal of the other, and then im-
mediately ended with an injection of apomorphine (15 mg/ke,
1., p.). Best et al. pointed out that the stimuli which
K¥alst and Rozin used differed in other ways besides taste
quality and concentration, One stimulus, casein hydroly-
sate was, in fact, a compound C3 with with dimensions of
hoth taste and smell., The other three were simple stimuli,
but not all of the same.dimension. Sacc, and NgCl are pri-
marily taste stimull, while vanllla 1s primarily an olfac-

tory stimulus, They determined this by rendering the rats

12



anosmic with a 6.757% zinc sulfate solution and comparing
suppression response with those of normal rats. Since
compound stimull are more easily associated than simple
stimuli (¥amin, 19692), 1t was expected that casein-hydro-
1ys%te would he the stimulus for which the normal rats de-
veloped the stroncest aversion., It was., 3ince conditioned
taste aversion is more readlly accomplished witnh taste than
with smell,. it would be expected that the NaCl and sacc.
would become more aversive than the vanilla., 7This, too,
was eXactly the case. When sacc, and NaCl were paired, the
most recent taste stimulus regardless of substance was sup=-
pressed more,

Kalat (1974) carried out his own more definitive con-
ditioned toste aversion experiment to answer the question
of salience versus novelty. ile tested one against the
wother by comparing suppression responses to two concentra-
tions of sacc., 26 /1 and .05 g/1, after he conditioned
rats to a concentrstion of «51 g/1 with injections of LicCl,
He reaséned that while the higher concentration of sacc.
was more Salient, the weaker concentration was more novel
as compared with the control concentration of sacc. The
strongef association was formed with the concentration -
which was weaker (less salient), but which differed more
(more novel) from the familiar concentration, thus sup-

porting the novelty hypothesis,

13



"The information" hvpothesis

tazer and Miller (1962, 1963) developed the paradigm
with which to test the information hypothesis, 7They used
two stimull, one following the other, The first or '"lemd-
Ing" stimulus was thought to he more informative than the
second or redundant stimulus., They proposed hoth a stronz
and a weak version of the hypothesis, The stronz version
ovredicts that the leading stimulus acqulires greater rein-
forcing strength.l

wgzer and lller assessed the reinforcing strensgth
acquired by two stimull presented one after the other and
conditioned with positive reinforcement (food for har
pressinz). They conditioned two stimuli, a tone and a
licht as follows: they presented the first stimulus and
maintained it, while introducing the second stimulus, Af-
ter presentinz the food reinforcement, they terminated
both stimuli together. They tested the acquired rein-
forcing strength by meaéﬁring the extinction rate for bar
pressing in the presence of each individual stimulus,.
They reasoned that the stimulus which had acquired great-

er reinforcing strength would show a slower rate of

1
Ezger and lMiller also tested both reliable (occurring

every trial) and non-reliable (only occurrinz on some
trials) stimuli, Due to the limited scope of this ex-
periment, discussion here will be limited to the relia-

ble case alone,



extinctlion than the stimulus with less reinforcing
‘strength. "helr results supported the strong hypothesis:
the leading, informative stimulus alone atquired rein-
forcing strengthn,

The informatlon hypothesis has also been teéted with
negative reinforcement, namely, shock, where learninzg is
fast and often difficult to extinquish, In 1966, Selig-
man tested the information hypothesis usins shock to con-
ditlon tone and lizht stimuli. He then compared the ex-
tinction rate for previously learned bar-pressing in the
presence of each of the individual stimuli., His experi-
ment also confirmed the information hypothesis, since the
leading, informative stimulus acquired significantly more
strensth than the redundant stimulus. In contrast to
Zgzer and Killer, however, the redundant stimulus did ac-
quire some reinforcing strength in Seligman's experiment.
Thus, he found support for the weak version of the infor-
mation hypothesis, FEe suggested that in negative rein-

forcement situations there might be a certain spill-over P
s

e

of association to contiguous stimuli, thus eliminatine the’

possibility of support for the strong hypothesis.

Experimental predictions

There are then two hypotheses which can be applied

to predict results in conditioned taste aversion

15



experiments in which there is a cémpound C3 composed of
two consecutive stimull: "the information” hypothesis end
"the most recent novel taste" hypothesis. The information
hypothesis predicts that a leading, informative, and reli-
able stimulus acquires more reinforcing stréngth than a
second, reliable, bhut redundant stimulus. This prediction
contrasts with the prediction of the most recent novel
taste hvpothesis that the second or most recent novel
stimulus acquires greater reinforcing strength. This lat-
ter prediction 1s bhased on the idea that the novel stimu-
lus closest in time to the gversive effect acquires
greater reinforcing strength. In short, the two hypo-
theses disagree as to which stimmlus acquires the greater
reinforcing strensth, the stirulus in the first position
(information hypothesis) or the stimmlus in the second
position (the most recent novel taste hypothesis),

There are both strong and weak versions of the experi-
mental predictions, The strong version of either hypo-
thesls predicts that one stimulus alone acquires reinforc-
ing strength, while the weagk version of either hypothesis
predicts that one stimulus acquires significantly more re-
inforcing strength than the other,

There agre two groups of rats in the present exper-
iment; they receive, in successlon, two novel, disﬁinctive,

and highly preferred tasty flulds. One taste i1s sweet and

16



one salty. These tastes are approximately equal in sali-
ence and preference, "The groups differ in the order in
which they receive the two tasty flulds, One group re-
ceives first the saltyv-tasting fluid followed by the sweet-
tastinzg fluld., '"The other group receives the sweet-tasting
fluld followed by the salty-tasting fluid.

Tne inteke of the sweet fluid in the first position
for one group then can he compared with the intake of the
sweet flnuid in the second position for the other group.
Likewise, the intake of the salty fluid in the first posi-
tion can he compared with fthe intake of the salty fluid in
the second position, Thus, the independent variable is
the position of a particular taste, whlle the dependent
variable is the amount of fluld consumed (in the leading
or most recent position,)

There are three phases to the experiment: acquisition,
extinction, and reacquisition. The salty-tasting fluid
used in acquisition and reacquisition is a toxic fluiqd,
which produces aversive effects, A similarly-tasting (sal-
ty), but non-toxic fluid is substituted for the toxic fluid
during the extinction nhase of the experiment,

The hypotheses can bhe tested in the acquisition as
well as the extinction phase of the present experiment,
Egger and Miller as well as Geligman could not test the

information hvpothesis in the acquisition phase of thelr

17



experiments, HQV1ﬁg maintained the leading stimulus
throush the presentation of reinforcement, they had no
way in acquisition to distingulsh operationally the re-
sponses to the two stimuli (light and tone) and hence
to measure the dezree of reinforcinz strength acqulired
hy each stimulus. “Thls is not the case for conditioned
taste aversion.

Several experiments cited earlier in this paper den-
onstrated that the conditioning of the first of two con-
secutive taste stimull can take place without the conti-
guity of that stirmulus with reinforcement, In the present
experiment the first stimulus can be terminated before the
second one is introduced. Thus, the use of consecutive
ftaste stimull provides an advantage over the tasks used by
Sgger and Miller and hy Sellgman: separate tests of the
hypotheses are possible in acquisition and extinction.

Since the measurements of ascquired reinforcing
strength are different in acquisition and extinction, more
specific descriptions of the predictions derived from the
hypotheses in operational terms are gilven in the results
section of thils paper. Reacquisition has been included in
the experiment to clarify further the process of learning;
both generalization of extinction, and reacquisition of the

conditioned taste aversion will be considered.
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Fethod

Subjects

Suhjects were 20 male hooded rats, approximately 100
days old at the beginning of the experiment. They were
hWoused sinaly in wire caces under conditions of constant
temperature and hunidity and Xept on a 1l2-hour day-night
cyclg (7 A = 7 P¥)., They received Purina rat chow ad-

1lib, Fluid intake is described helow,.

ADDaratus

The following substances were mixed with distilled

- 3
water: 1% sacc., .12 M LiCl and .12 ¥ NaCl, The LiCl

solution was sublethal, but strong enough to cause

2 )
It is important that there always be food in the cage,
since a pilot study (Flesher, 1975) has demonstrated that
the absence of food prior to the drinking period will
cause sizsnificant variations in the amount of fluid sub-
sequently consumed,

I1Cl 1is one of the chief substances used in studies of
conditioned taste gversion. Sacc., a non-nutritive sweet,
18 also used frequently. These two substances have heen
chosen for this experiment because they both have a highly
vreferred taste, Also, information concerning the dosages
needed for sufficiently equal distinctiveness can be found
in the literature (3est, Rest, & Lindsey, 1976). An addi-
tional important property of LiCl 1s its great simlilarity
in taste to ¥aCl. Nachman (1963) reports that rats cannot
distinguish between LiCl and NaCl in a three-minute taste
test., Therefore, bhoth Nachman and Garcia have frequently
used NaCl in the extinction phase of experiments with LiCl,
Since the rats in the experiment are not salt-deprived, the
nuatritive value of salt should not cause a significant rela-
tive increase in salt intake as compared with the non-nutri-
tive sacc,
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suppression of intake of fluids with novel tastes,

All fluids were stored in uniform glass bottles with
bent metal spouts and were refrigerated in order to reduce
the amount of bacterial srowth, One nalf a disposable was
used with each bottle by placing it underneath tne appro-
priate cage, in order to ¢catch the drips. Bottles and
diapers were weighed on a Mettler electronic scale (Type

P 1200; 1 Div, = 0.1 g).

Procedure

The same procedure was used for egch trisl through-
out all phases of the experiment. The refrigerated bot-
tles, each with the appropriate fluid, and the disposable
diapers were welilghed separately on the electronic scale
prior to the trial. Two hottles and two digpers were used
for each rat. First, a dlaper was placed under the home
cage and then a bottle was set in place. The bottle was
avallable to the rat for three minutes, Then i1t was re-
moved, followed by the removal of the diaper. Immediately,
a second diaper was placed under the cage and the second
bottle made avallable to the rat for seven minutes, The
reasoﬁs for the choicé of three and seven minute drinking
periods are discussed below. The dlapers were set in place
before the bottles were inserted and removed after the bot-

tles were removed, in order that as much of the dripping as
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vossible could be absorbed by the diapers, Then the diam-
vers and the bottles were weighed agaln.,

The amount of fluid reduction in each bottle less
the amount of fluid absorbed by each diaper was recorded
as the closest approximation_to the fluld intake of each
rat,

The flrst of the experimental fluids was glven at 9
A¥ after lé-hours water deprivation. Water was provided
at 5 P, This type of deprivation schedule provided a
remarkably consistent intake of fluid, especially during
the three-minute period. Lyons (1965) reports that rats
will drink .03 ml. of water per second, when in a state of
water deprivation. In the present study, the three-minute
mean water intake for four days at hase-line was 5.4 ml,
(.03 ml, X 180 sec.,), as Lyons predicted,

The time required for setting the bottles in place
and removing them from the cazes permitted only half of
the rats in the experiment to receive their assigned
treatments at one time. The following procedure was de-
signed to eliminate any bilas because 10 of the rats had
to walt for their bottles, while the other 10 received

thetrs. ©

I
More than six hours 1s required between the drinking
causing 1llness and the drinking of water to ensure suf-
ficient dalily intake of fluid to keep the rats well and
alive (Fregly, 1958). iere, there is an eight-hour inter-
val.,
21



T™e two treatment groups, designated A and B, each'
had 10 rats. nvery time the bottles were administered
to 10 of thée 20 rats, there were always five rats revre-
senting each of the two treatment aroups. The filve rats
from each aroun were selected by dividing groups A and 3
into two sub-grouns: Al and A2, 21 and 32. These four
sub-groups 2always contained the same five rats in the same
order,

Table 1 shows the eight possible combinations of
four sub-groups with the restraint that each presentation
always contain a sub-zroup from zroup A and one from group
3. One of the eight possible combinations was used each
day in selecting which two sub-3roups were treated first
and wilch two sub-zroups walted. '"ne combination also
indicated whether a rat from group A or group 3 recelved
the flrst bvottle.

Once it was determined which 10 rats were to be
treated together and which group would provide the rat
to recelve the first bottle, the bottles were presented
alternately to rats from groups A and B.

nach day for eigth days one of these elght combil-
nations was selected on a random basis until all eight had
heen used. Thils procedure was repeated until the experi-

ment ended,



Table 1

Eizht possible combinations of four groups: Al and

A2, Bl and B2 for the presentation of treatments



o~ oV Fw o

First presentation Second presentation

Al, Bl A2, B2
Al, Bl B2, A2
B1l, Al A2, B2
Bl, Al B2, A2
A2, B2 Al, Bl
A2, B2 Bl, Al
BZ, A2 Al, Bl
B2, A2 Bl, Al
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Neslon

In order for the first taste stimulus to precede the
effects of the toxin, the first drinking period is three
minntes in lenath. In order for tne averslive effects to
tYake plasce during the second drinking period for both
zroups, the second drinkin~ period is of seven minutes
lenzth, lachman (1963) demonstrated that the drinking of
.12 11 LiCl by rats deprived of fluid for 24 hours starts
to taper off between four and one half and five and one
half minutes after drinking has bezun. This appeafs to
be an indication that the toxic effect of the Lill has be-
gun to affect the drinking behavior of the rats.

A notation has heen introduced to facilitate discus-
sion.5 Table 2 presents the design of the experiment.

Training The training period accustomed the rats to
get their daily fluid intake during two 1lO-minute trials,

each divlided into three-minute and seven-minute drinking

reriods, and thereby allowed baée—line rates for drinking

5

The following notation is used throughout the rest of the
paner: LiCl/sacc. represents the group ziven the sglty
taste followed by the sweet taste, that is, group A.
Sacc./LiCl represents the group given the sweet taste fol-
lowed by the salty taste, that is, zgroup B, A line under a
given substance, for instance, LiCl/sacc., indicates that
the discussion concerns sroup A's mean intake of the parti-
cular suhstance LiCl presented in the first position. Lilke-
wise, sacc,/NaCl refers to group B's mean intake of NaCl
vresented in the second position. The particular day will
be made clear within the context,
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Table 2

Design of experiment
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Tralning Acquisition =xtinctlion Reacquisition

Days 14 9 9 2

Group A HOO/HZO LiCl/sacc. NaCl/sacc. LiCl/sacc.

Group B H,0/750 sacc./LicCl sacc,/NaCl sacc./Licl
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to hecome stabilized., It also accustomed the rats to
the experimenter's presence throughout the course of the
’trial and especlally to the process of switching hottles,
In the morninzy during training end each evening during
the entire course of the experiment the rats were given
distilled water,

The training period lasted fourteen days, that 1is,
until the base-line hasd stabilized. A two-way factorial
analysis of warlance was performed to confirm that the
base-l1line intake of water had stabilized for the last four
days for both the three-minute and the seven-minute drink-
ing periods for each group. "he factors were days (4) and
groups (2)., The analysis of variance was performed sepa-
rately on the morning water intake for the three-minute
and the seven-minute drinking periods. Since there were
no avallable data for the water consumption on day 13 due
to experimenter error, the analysis was performed on the
data from days 10-12 and day 14,

There were no significant differences in intake for
the three-minute drinking period for the main effect of
days: F (3, 72) = 2.1, or for the maln effect of groups:

* (1, 7?2) = 0,0. There were also no significant differ-
ences in intake for the seven-minute drinking period for
the main effect of days: F (3, 72) = .87, or for the main

effect of groups: F (1, 72) = .05. There were also no
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sls#nificant interaction effects (days X groups) for
elther drinkine period, Thus, since the hase-line ap-
peared to nave stabilized and the intakes of the two
srouns were simlilar, the specific treastments were bhezun.,

Acquisition Group A (LiCl/sacc.) received LiCl

durine the three-minute drinking period, and sacc. during
the suhsequent seven-minute drinking period. Group 3
(sace./LiC1l) received sacc, first and LiCl second. Other-
wise, the treatment of both groups was the same., The pur-
pose of the acquisition phase was to allow time for the
rats to assoclate a taste(s) with any aversive effects
produced hy the intake of LiCl,

No data are availlable for the morning of day 19, the
fifth day of the acquisition phase, due to experimenter
error. The rats received 10 minutes of water rather than
the experimental flulds. An additional trial day was
added to the acquisition phase, in order to have nine days
of data.

Extinction NaCl was substituted for LiCl in egch

group, That 1is, group A (LiCl/sacc.) received three min-
utes of ¥aCl followed by seven minutes of sacc., while

group 3 (sacc./LiCl) received three minutes of sacc., fol-
lowed by seven minutes of NgaCl. There were nine days of

extinction.

Reacquisition LiCl was reintroduced in place of

29



VaCl in both groups. Group A (LiCl/sécc.) once agZaln
received LiCl first and sace. second; group 3 (sacc./
11C1l) the reverse., There were two days of reacquisition

trials similar in other respects to the acquisition

trials »
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Besults

The analyses for all three phases of the experiment
were performed on transformed data, The results of the
analyses of variance for acquisition and extinction will
be vpresented, Then several post-hoc analyses will follow:
the recsults for reacquisition, and sSome analyses based on

questions arising from the reacquisition results,

"rensformation of the data ¢

Since each compnarison between groups of a glven fluid
involved the comparison of the measuremnents made for a-
three-minute and a seven-minute drinking period, respec-
tively, the dats were transformed as follows. For each
rat the mean intake was found for the three~minute drink-
ing period over days 10-12 and day 14 of the training
vhase of the experiment, Then the scores for each rat
in all three-minute drinking periods during acquisition,
extinction, and reacquisition were divided by the rat's
mean three-minute intalke from the training pnase. 3Sinm-
ilarly, the individual scores from the seven-minute
drinking periods were divided by the individual mean in-
takes from the seven-minute drinking periods for the same
days of training., These results multiplied by 100 pro-
duced scores which are percentages of the base-~line mean

intake.,

31



Fipgure 1 depicts graphically the dally means of the
transformed scores for groups A (LiCl/sacc.) and B
(sacc./LiCl) for intakes of the fluids during training,

acquisition, extinction, and reacqguisition.

Anslyses of variance to test for learninzg and for support

of the hypotheses

A two-way factorial analysis of variance with main
effects of days and presentation order of the tasty fluids
(position), with subjects nested under position, was per-
formed for both acquisition and extinction. The days ef-
fect should provide evidence for the learning of a condi-
tioned taste aversion in the different phases of the exper-
iment, while the position effect should provide evidence
for the information and the most-recent-novel-taste hypo-
theses,

Acquisition A decreagse in fluid intake over days,

reflected in a significant days effect, indicates the
acquisition of a conditioned taste aversion,

A difference in the intake of a glven tasty fluid be-
tween group A and group B, if resulting in a significant
position effect, indicates support for one of the two hypo-
theses., Greater suppression of the fluld intake in the
first position supports the information hypothesis as op-

posed to the most recent novel taste hypothesis, Converse-

ly, greater suppression of fluid intake in the second
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Figure 1

Nally means of the transformed scores for groups
A and B for intakes of the flulds during training,

acguisition, extinction, and reacquisition
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position supports the most recent novel taste hypothesls
as opposed to the information nypothesis,

Significant suppression in intake for only one posi-
tion provides support for the stronzg version of the hypo-
thesis in guestion. Sunpression for both groups, but to
significantly different degrees, provides support for the
weaX version of the hypothesis., Iqual suppression for
both zroups may provide support for both hypotheses,

The anslysis of variance was performed .on the non-
toxic fluid, sacc., rather than on the toxic fluid, LiCl.6
Tahle 3 presents the results of the analysis of wvariance
verformed on the daily mean intakes of transformed sacc.
scores with the factors of days (9) and position (2).

The main effect of days was significant, F (8, 144) =
17.02, » < .01, suggesting that the acquisition of a con-
ditioned taste aversion occurred., There is, in fact, a
dramatic drop in sacc. intake from day one to day two of
acquisition. It is a substantigl effect. It is probably

responsible for the significant days effect, despite the

6

As mentioned, Nachman (1963) demonstrated that the intake
of LiCl tapers off between four and one half and five and
one half minutes after drinking begins. If the analysis
of variance were performed on the intake of LiCl, the
following confounding might arise. Suppose LiCl in the
second position did not acquire reinforcing strength. As
the intake of LiCl rose, it could be curtailed before the
end of the seven-minute drinking period by the onset of
aversive effects. Usling sacc., this particular problem
is avoided,
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Table 3

Analysis of wvariance on the dalily mean intakes of the

transformed sacc., scores over nine days of acquisition.
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Source S3 arf 113 F
Days (D) 58,269,0 o 74263.7 17.02%
Positions (P) 4,671.6 1 L 671.6 0.73
Subjects (3) 115,933.0 18 6,440,7
DAP 2,491.7 8 311.5 0.72
D X8 61,619,9 144 427.,9

*p ¢ 01
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gradnual increase in sacc., intake from day two through
day nine which would tend to reduce the value of the
effect,

The maln effect of position, however, was not signi-
ficant, F (1, 18) = .73, indicating no critical differ-
ence in the suppression of sacc. intake between group A
and Sroun B. The interaction effect was a2lso not signi-
ficant, ¥ (8, 144) = ,72. The strong version of either
hypothesis 1is clearly not supported.

IDxtinction Having failed to find a simgnificant

difference in position effect during acquisition, there
remains a second and better test for position effect
during extinction (=lkins, 1963).
An increase in fluld intake over days, resulting in
a Significant days effect, suzgests that extinction of
the conditioned taste aversion is occurring. During ex-
tinction, greater reinforcing strength is saild to be re-
flected in a slower pate of extinction and/or a lower
asymptotic level of fluid intake. The position and inter-
action effects are analyzed to see whether they indicate
differences in rate of extinction and or asymptotic level,
Azain, different rates of extinction and/or asymp-
totic levels, reflected in significant differences in
the amount of fluid intake for the two positions, would

indicate support in favor of one hypothesis over the other.
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Should the fluld intake in the first position rise at
a significantly slower rate and/or level off at a lower
intake than the fluid in the second position, this would
be support for the information hypothesis‘over the most
recent novel taste hypothesis, Should the reverse happen,
that 18, should the fluld in the second position rise at
a significantly slower rate and/or level off at a lower
intake than the fiuid in the first position, then the most
recent novel taste hypothesis would receive support over
the information hypothesis.

Since it was expected that LiCl intake would be low
for both groups at the end of acquisition, it was expected

that NaCl intake would be nearly as low and approximately

‘,.;.I 'y ‘ L"r» i‘

equal for both groups, This would provide the besis for
a comparison of recovery rates. The analyslis of variance
was performed on the salty, but non-toxic NaCl, which 1is
similar in taste to the toxic fluid, LiCl. Table 4 pre~
sents the results of the analysis ¢f varlance performed
on the dally mean intakes of the transformed NaCl scores
wlth the factors of days (9) and of position (2).

The main effect of days was again significant,
F (8, 144) = 31.75, p < .001, indicating the increase
in intake and thus the extinction of the conditioned
taste aversion. The alternative interpretation of the

increase in intake as a result of a discrimination
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Table 4

Analysis of variance on the dally mean intakes of the

transformed NaCl scores over nine days of extinction

Lo



Source SS af M3 F
Days (D) 130,036-7 S 1K25u- 31-75**
Positions (P) 476,9 1 b476,9 0,06
Suhjects (3) 138,225.9 18 7,679.2
DXP 8,215.0 8 1,026.9 2,01%*
N X 3 73,720.5 144 511.9
*p < 01
#%*p ¢ ,001
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occurring between the taste of toxlc LiCl and non-toxic
NaCl can be dismissed, when the intake of LiCl in reac-
quisition is considered both in the present study and
in Nachman's study (1963). If the discrimination inter-
pretation were correct, the intake of LiCl when it was
reintroduced in reacquisition would be very low. Instead,
both in the present study and in Nachman's study, the
intake of LiCl on the first day of reacquisition is lower
than the intake of NaCl, but still considérably higher
than the intake of the last day of acquisition. This
suggests that a ééneralization process 1is taking place,
rather than a discriminative process,

The maln effect of position was again not significant,
F (1, 18) = 0,06, while the interaction effect was signi-
ficant, F (8, 144) = 2.01, p < .01, However, an examina-
tion of the extinction curves for groups A and B suggests
that there 1s no significant difference in the rate of
extinction, The cross-over of curves A and B from the
beginning to the end of the extinction period, with the
curve for group A slightly above the curve for group B
as the intgke rises and then dropping slightly below the
curve for group B as the intake levels off, may well be
producing the significant interaction effect. While the
curve for group B (sacc./ILiCl) is failrly smooth as it

levels off, the curve for group A (LiCl/sacc.) has
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several zig-zags, It is a possibility that interaction
effect stems from these zig-Zags in the data rather than
being representative of a real difference in asymptotes.
Therefore, 1t may only cautiously be suggested that there
1s a difference in asymptotes, with group A (LiCl/sacc.)
having a higher asymptote than group B (sacc./LiCl).

In the transition from extinction to reacquisition,
in particular, with the reintroduction of LiCl in place
of NaCl, the question of generalization of extinction

arises, It is of interest to see whether in this partic-

ular paradigm, with two consecutive taste stimuli, a gener- -

alization effect takes place from the response to NaCl

to the response to LiCl. More directly related to the
hypotheses of this experiment are the results of reacqui-
sition and specifically how these results compare with
the results of acquisition.

Generalization of Extinction When the highly simi-

lar~tasting LiCl was reintroduced oﬁ day one of reacqui-
sition, after the rats had learned to drink a salty-
tasting liquid (NaCl) again, the rats consumed almost as
much L1Cl as NaCl (see Figure 1), These results are an
extension of Nachman's findings about the generalization.
of response from NaCl to LiCl (1963), in that the general-
izatlion occurs in a paradigm using two consecutive stimuli
rather than a single taste stimulus as did Nachman's.

There is also a generalization effect apparent from
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day nine of acquisition to day one of extinction. Here
the suppressed response to drinking LACl is carried over
to the drinking response to NaCl., As 1s expected, the
suppression response is slightly attenuated, that is,
the rats reduced the suppresslon response slightly as
Aindicated by the small increase in their consumption

of NaCl,

Reacquisition In order to look at which taste

stimull reacquire the conditioned taste aversion and to
what degree, a new term — flavor-position combination -
will be introduced. There are four flavor-position
combinations in this experiment: L1iCl in the first posi-
tion, sacc, in the first position, LiCl in the second
position, and sacc. in the second position. In contrast
to the earlier discussions of acqulsition and extinction
where only one taste was considered each time, here the
intake of all four flavor-poslition combinations is of
interest., In order to compare the intake of fluid for
each flavor-position combination, a new measure will also
be introduced.

Elkins (1963) suggests that the drop in intake from
day one to day two, expressed as a percentage of the in-
take on day one, 1s a good measure of strength of learning.
He suggests, furthermore, that a drop of over 45% 1s a
measure of strong learning.
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Table 5 presents the percentage drop in intake for
all four flavor-position combinations in both acquisition
and reacquisition. It is clear from Table 5 that the drop
in intake for all four flavor-position combinations in
acquisition 1s well above 45%, indicating strong learning.
In fact, there 1s one-~trial learning in acquisition for
all four flavor-position combinations, On the other hand,
in reacquisition only the L1Cl intake, in the both first
and second positions, is well above 45%,

The results of reacqulisition are consistent with
the findings of the earlier phases of the experiment
with regard to position effect, but they also provide
evidence of a possible process of discrimination. 1In
order to discuss these matters, the differences among the
percentage drops in reacqulsition were analyzed by a
series of t-tests,

Of prime interest is the significance of the differ-
ence in the mean percentage drops in intake for LiCl[gggg.
and sacc./L1Cl. The difference wes not significant when
the mean percentage drop in sacc. intake was compared for
the two groups, t (18) = 1.98, This result is consistent
with the fallure to find a significant position effect in
either_acquisition or extinction,

The mean percentage drops in sacc. intake in reacqui-

sition are smaller than the mean percentage drops in sacc,
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Table 5

Percentage drop in intake for LiCl and saccharin in

both positions for acquisition and reacquisition
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Group A (LiCl/sacc.)

Group B (sacc./LiCl)

Acquisition
deacquisition

Acquisition
Reacquisition

b7

Percentage drop

in fluid intake

LiCl sSacc,
56.94  62.6%
55.5 35.3
775 78,8
61.2 19.7



intake in acquisition for both groups. (See Table 5,)
Howevér, the mean percentage drops in LiCl intake in
reacquisition are comparable to the mean percentage drops
in LiCl intake in acquisition. Thus, it appears now in
reacquisition that there is a greater degree of reinforecing
strength acquired by the LiCl stimulus than by the sacc.,
stimulus in both groups,

Looking at each group independently, a difference
test for correlated means was performed to-determine whethér
the difference in mean percentage drops in LiCl and sacc.
intake in reacquisition was, in fact, significant. The
mean difference in perceptage intake for each group was
computed by subtracting the percentage drop in LiCl intake
from the percentage drop in sacc, intake for each individ-
ual rat. The results were highly significant for group A:s
t (9) = 4.52, p < 005 and were also significant for group
Bs t (9) = 2.2}, P < .05. The rats in each group appear
to dlscriminaée between thesafe fluid and the toxic fluid
at this point, regardless of the position of the toxic
fluid.

It is also possible to ask whether the discrimination
was better for one group than for the other. A greater
megn difference in intake between the two tasty fluids
for one group over the other might be considered support
for better discrimination taking place.for one group than
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the otheri The results of a t-test comparing the mean
difference in the percentage drop in intake between the
two tasty flulds for the two groups in reacquisition were
significants t (18) = 4.93, p < .001. Group A (LiCl/
sacc.) has a smaller mean difference in intake than

did group B (sacc./ LiCl); the differences are 20.2 and
k1.5 percent, respectively.

Thus, reacquisition differs from acquisition in
that LAiCl is the only tasty fluld in each group that
shows strong learning as indicated by the large percentage
drop. The meagn percentage drop for sacc. 1is significantly
smaller in each group, which shows the rats acquiring a
discrimination between the safe and toxic fluids. The
discrimlination is partial, in that the sacc, intake is
still suppressed to a degree for each group. Further,
the discrimination appears to take place to a lesser
degree for group A (LiCl/sacc.) than for group B (sacc./
Licl).

In summary, there was 1ndicat16n of the acquisition,
extinction, and discriminative reacquisition of the fondi-
tioned taste aversioﬁ. There was no significant position
or Interaction effect in acquisition. There was also no
significant position effect in extinction. There-was a.
significant interactlon effect in extinction pointing to

a possible difference 1in asymptotic levels between the
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two groups. The substantlal suppression of fluld intake
in both positions for both tastes, also, needs to be
evaluated as possible evidence in support of both

hypotheses.
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Discussion

——

According to the information hypothesls, the leading
stimulus should acquire greater reinforcing strength, since
it is the informative predictor of reinforcement. In con-
trast, according to the most novel taste hypothesis, the
stimulus in the more recent position acquires greaster rein-
forcing strength, since it 1s closer in time to the aver-
slve effects, There was no support for the strong version
of either hypothesis., Since there was no significant 4dif-
ference in the suppresslon of sacc., intake in the different
positions during acquisition nor a difference in the ex-~
tinction rates of NaCl, and only a possible difference in
asymptotes during extinction, there is no clear support for
one hypothesis over the other,

There were, however, some suggestive results which
merit discussion, The significant interaction effect (days
X position) in extinction, suggestive of a difference in
asymptotic levels, could be interpreted as support for the
weak version of the most recent novel taste hypothesis.
However, since intake for animals in ail four flavor-posi-
tion combinations was suppressed, there 1s, probably, some
more or less equal support for both hypotheses in the sense
that stimull in both positions are acquliring reinforcing

strength, Design problems hamper the interpretation of
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these results, These difficulties suggest.the consider-
ation of an alternate design. Furthermore, such a design
could investigate questions raised by the results of re=
acquisition, Each of these 1deas 1s considered in fur-

ther detall below.

Learning of a conditioned taste aversion

Acquisition Fluid intake in all four flavor-posi-

tion combinatlions was suppressed on the second day of
acquisition. It was a substantial effect. Thus, the
experiment demonstrated'the acquisition of a conditioned
taste aversion in a paradigm using two consecutive taste
stimuli,

Two of the distinctive characteristics of condi-
tioned taste aversion described by Garcia - rapid learn-
ing and learning over a long interstimulus (CS-US) inter-
val were apparent in the present study. First, learning
took place in one trial for beth groups. This was faster
than was expected for group A (ILiCl/sacc.), Since Garcia
et al. (1967) had demonstrated acquisition over three to
five days with three-minute presentations of IicCl.,

Second, conditioning occurred over a relatively long
interval between taste and reinforcer. The subsequent
sacc, 1htake, with sacc. in the first position, was sup-
pressed even though the LAC)l which produced the aversive

effects was consumed after the sacc., had been removed., It
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/
may be noted that sacc. by itself at this concentration is

known to be a highly preferred taste. The time between
the removal of the sacc. bottle and the dlaper and the
rlacement of the new dlaper and bottle - at least 10 sec~
onds -~ 1is certainly beyond the limits of contlguity re-
ported for classlcal conditioning,

There was no significant position or interaction ef-
fect in acquisition, which would have provided support for
one of the hypotheses over the other. However, a critical
analysis of the design of this experiment will suggest that
1t would have been difflcult to interpret a difference if a
statistically significant position effect had occurred.
Compafison of the three-minute intakes of L1Cl and sacc. on
the first day of acqulisitlion in the present experiment a-
long with a reexamination of Nachman's study (1963) sug-
gests that the rats in group A (LiCl/sacc,) may have ex-
§e$1enced aversive effects already while the first taste
stimulus was still present. This occurrence would have
violated the design of the present experiment, which relied
upon the onset of/the‘aversive effects after the introduc-
tion of the second taste stimulus,

On day one the intgke of fluid for each of the leading
three-minute drinking periods in the present experiment is
different, The mean raw intakes of LiCl/sacc. and sacc./
LiCl on the first day of acquisition were 3.8 ml. and
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5.2 ml., respectively., A t-test showed that this dif-
ference was highly significant, t (18) = 10.15, p .001,
Since the salty and sweet tastes at this level of sali-
ence are highly preferred, the lower intake of LiCl/sacc.
as compared to Sacc/L1Cl suggests that the onset of aver-
sive effects may well have occurred during the three-
minute drinking period for group A (LiCl/sacc.).

The design of this experiment rellied specifically
on Nachman's report (1963) that the drinking of LiCl
tapered off at a level somewhat greater than 9 ml, be-
tween four and one half and five and one half minutes af-
ter drinking began. The curve presented by Nachman, which
shows the cumulative amount of water intake by the control
group, was still rising at the end of the 1l0-minute drink-
ing period and at that point the intake level was slightly
over 12 ml. Therefore, 1t was assumed that it was safe to
choose a leading three-minute drinking period for the pre-
sent experiment. In fact, when the curve for LiCl intake
from his study is examined, it appears that the rats con-
sumed gbout 6 ml, of ﬁiCl during the first three-minutes
of theilr l0-minute drinking period.

The following argument is an attempt to infer indi-
rectly the results of a statistical test, in which results
in the present experiment are compared with resﬁlts in

Nachman's study. The 6 ml. of LiCl consumed during the
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first three minutes of Nachman's ten-minute drinking peri-
od is not very different from the sacc. intake of 5.2 ml,
in the present experiment, but it does gppear to be 4if-
ferent from the 3,8 ml. intake of LiCl, Given the consis-
tency of drinking rates when deprived rats begin to drink
and the highly significant difference between the sSacc, in-
take of the present experiment, it 1s most likely that
there is also a significant difference in LiCl intake be-
tween Nachman's rats and those of the present experiment.

There are at least two possible reasons why the in-
take of 1iCl is different in the two experiments., First
of all, there 1s a difference in the amount of water depri-
vation, Nachman's rats were deprived for 24 hours and had
no alternate source of fluid during the day. The rats in
this experiment were deprived for 16 hours and had an al-
ternate fluid source each day, namely, 10 minutes of water,
Although less thirst 1s a possible explanation for less
drinking of LiCl, it should then follow in the present ex-
periment that less sacc., would have been consumed., This
was not the case, What 1s more likely is that with less
thirst deprivation 1n an approach-avodlance situation, the
aversive effects of the L1Cl curtalled drinking earlier.

It i1s possible then that Nachman's rats were experi-
encing aversive effects, but kept drinking due to greater

deprivation, Nachman's megsure indicated when the rats
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stopped drinking, but not when they first experienced
avefslve effects, If the rats in the present experiment
were experiencing aversive effects during the leadihg
three-mihute drinking period, then there is a serious flaw
in the design of the present study with several important
implications for the interpretation of results as well as
for a new experimental design.

The onset of averslve effects during the three-minute
IACl drinking perioed for group A would make the LiCl taste
stimulus both a leading and a most recent taste stimulus,
and it would also precede the first opportunity for the
rats to encounter the sacc. taste stimulus, This would
tend to increase the reinforcing strength acquired by the
IACl taste stimulus in the first position with implications
for the course of NaCl intake in extinction due to the gen-
eralization effect, It would also tend to decrease the re-
inforcing strength acquired by the sacc., taste stimulus in
the second position, since the stimulus would follow the
onset of aversive effects, Boland (1973) demonstrated that
backward conditioning is a weaker effect than forward con-
ditioning for 1LiCl, but that it does occur for intervals
of at least one-half hour between the injection of IACl and
the consumption of the non-toxic tasty fluld. There would
be no comparable problems for group B, since LiCl was pre-

sented in the second position there,
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Had the sacc, taste stimulus been the most recent
one prior to the onset of aversive effects, as was in-
tended by the design, the intake of LiCl/sacc. might
have been lower than it was. Sacc./LiCl would have re-
mained unaffected or been slightly higher than it was
due to the apparently smaller interstimulus interQal be-
tween sacc. and aversive effects than was expected, This
would have resulted in an even greater difference in in-
take between sacc./LiCl and LiCl/sacc. than was the case.
It is not possé?le, of course, to say whether this dif-
ference would then have been significant.

A second magjor problem in the present experiment was
the degree of varlability in the rats' responses after
day two of acquisition. This reduced the power of the
statistical test making it more difficult for a possible
position effect to surface.,

Extinction For both groups the intake of sacc. rose

over the final seven days of acquisition. It continued to
rise ghead of the rise of NaCl intake during extinction,

If most of the rats had learned to reduce their thirst ml-
ready by drinking more sacc. and were, indeed, less thirs-
ty (having consumed increasing amounts of fluid day by day),
there 1s less reason to expect the extinctlion of the sup-
pression response to NaCl (which had been generalized -

from L1Cl)/ Nonetheless, extinction took place for both
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groups. This is an extension of the findings of both
Nachman (1963) and Garcia et al (1967) in so far as the
suppression response to both of the consecutive tastes
extinquished.

Hulse, Deese, and Egeth (1975) talk about condi-
tioned taste aversion as if it were "permanent." This
is not, obviously, an all-pervasive phenomenon. That the
intake of both flulds in each group returns approximately
to base-~line 1s an indlcatlion of relatively impermanent
learning. h

Although the asymptotes of NaCl for both groups were
near to base-line, the possibly lower asymptote for group
B (Ssace/NaCl) would be weak support for the most recent
novel taste hypothesis, The difficulties noted during the
discussion of acguislition also bear on the discussion of
the extinctlion phase of the experiment, Had LiCl/sacc.
not been the most recent as well ags leading stimulus, it
might have acquired less reinforcing strength. The resul-
tant weaker reinforcing strength acquired in acquisition
would tend to increase the asymptotlc level of NaCl/sacec.,
(group A) during extinction., There would be no comparable
effect on the asymptotic level for sacc./NaCl (group B).
Thus, the difference in asymptotes might have been even

greater had the design not been confounded.

58



Concluding evaluation of the hypotheses

Although the data 4o not clearly support one hypothe-
sls over the other, sacc. in both positions (leading and
most recent) seemed to acquire reinforcing strength. The
significant days effect in acquisition without aisignifl—
cant interaction suggests that the intake of sacc. was
suppressed to a comparable degree for both groups. Even
without any contiguous aversive effects, sacc.,/L1Cl was
suppressed. The trends for differences in sacc. suppres-
sion in acqulsition and reacquisition were both in the
direction as would support the most recent novel taste
hypothesis.7 Thus, they were both consistent with each
other and the possible asymptotic difference in extinc-
tion.

It was also true for Best et al. (1976) that the flu-
14 in the first as well as the secnnd position was sup-
preséed to a falr degree., 1t appears then that all stim-
uli, regardless of position, acquired seme reinforcing

strength, The similarity in the amount of reinforcing

nag—

7 ;
In acquisition, there was greater suppression over days of
sacc. in the second position than there was of sacc, in the
first position, suggestive of greater reinforcing strength
acquired by the stimulus in the second position (see Figure
1), In reacquisition, the percentage drop of sacc. in the
second position (35.3%) was greater than that of sacc. in
the first position (19.7%), although not significantly so.
The discussion of design difficulties pertailning to sacc,

in acquisitlion would also apply to reacquisition. This
would imply that the difference here might also have been
greater.
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strength acquired by stimull in different positions in
this experiment may well be due to the difficulties of
the design.

In the research of Kalat and Rozin (1970) and Best
et al, (1976), designed to test hypotheses about salience,
some support can be found for the most recent novel taste
hypothesis., Kalat and Rozln, using sucrose and NaCl as
consecutive stimull followed by the intubation of LAiCl,
found significantly greater suppression of sucrose in the
second position, and they found slightly greater suppres-
sion of NaCl in the second position. Best et al,, using
sacc, and NaCl, found significantly greater suppression of
the fluid in the second position, regardless of the taste.
However equivocal the results of the present experiment,
the results of Best et al. seem to be consistent with pre-
dictions‘derived from the most recent novel taste hypothe-
sis,

There.appears then to be a difference between the
strength acquired by the most recent stimulus in condi-
tioned taste aversion and in the tasks described by Egger
and Miller (1962, 1963) and Seligman (1970) where they
test the information hypothesis., One possible explanation
for this depends upon the fact that conditioned taste aver-
sion is possible over long intervals, It may be more use-

ful, in terms of survival value, for rats to associate
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aversive effects with the most recent novel taste en-
countered, Garcia (1974), Bolles (1973), and Seligman
(1970) point to the biological adaptiveness of relating
aversive gastrovisceral effects to the most recent novel

taste encountered,

Discrimination during reacqguisition

Of greatest interest in the reacquisition phase
of the experiment i1s the apparent abllity of the rats
to differentiate between the two tastes, For each group,
the percentage drop in LiCl intake was significantly
greater than that for sacc. intake. Thus, in each group,
the rats learned to suppress the intake of toxic fluid
and increase the intake of the non-toxic fluid,

When the graph of the intakes 1s examined (see Figure
1), it appears that the sacc. intake 1s already rising and
drawing away from the intake of L1Cl after the first two
days of acquisition. Most of those experiments testing
conditioned taste aversion with consecutive tastes used
an aéhuistion phase of one trial, so that therg were
typlcally not enough trials for the discrimination process
to emerge, Further research would be useful to see wheth-
er thls apparent discrimination is a general porcess,
since 1t is not well documented.

During reacqulsition the difference in the percentage
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drop between the two tasty flulds was significantly smaller
for group A (20.2%) than for group B (41,5%). The inter-
pretation of a difference of a difference must always be
made with caution; nevertheless, it bears on the discrimi-
nation process, There are at least two possible reasons
for the smaller difference for group A,

If the onset of aversive effects did happen during
the first drinking period for group A (1iCl/Sacc), these
effects most likely continued during the second drinking
period when sacc. was the taste stimulus. This means
that there would be aversive effects contiguous with the
presence of both taste stimuli. It would seem likely that
this would make it more difficult for the rats in group A
to determine which tasty fluid was, in fact, toxic,

The second and more theoretical conjecture relies
upon the suggestive evidence of a position effect in sup-
port of the most recent novel taste in the present exper-
iment, If there were an interactlion between the greater
reinforcing strength acquired by the stimulus in the most
recent position and the actual position of the toxic flu-
id, it might affect the egse ﬁith which rats in a parti-
cular group discrimlinate which flavor is, in fact, toxic.
That is, it might be easier for rats to identify the ac-
tual toxic fluld, if it is in the most recent position.

This would be due to the greater attention to that
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stimulus or a greater expectation that the most recent
stimulus is the most important stimulus,

It is the case in the present experiment that for
group A (LiCl/sacc,) the toxic fluid is in the leading
position, while for group B (sacc./LiCl) the toxic fluid
is in the most recent position, Furthermore, group A,
with the toxic fluid in the first position, had the signi-
ficantly smaller difference in fluid intake between its
two tastes suggesting a more difficult discrimination.
Group B, on the other hand, with the toxic fluld as thé
most recent fluid, showed a greater discrimination, as
evidenced by the larger difference in intake between 1its
two tastes.

Obviously, the confounding in this experiment does
not allow for any clear support for either of these expla-
nations. Another design, however, might enable the issue
of discrimination to be formulated and tested more ade-

quately.

Further research

Both the analysis of the design and the results of
reacquisition suggested that a new design would be desir-
able, A greater degree of avérsive effect would tend to
reduce subject variability and enhance effects, Nachman's
solution (1963) was to use a 1l0-minute drinking period for

the acquisition trial., However, a long initial drinking
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perlod woﬁid not work in the present design. The onset
of aversive effects for group A (LiCl/sacc.) appears to
have occurred too early already. Likewise, increasing
the amount consumed (and thereby the aversive effects) by
increasing the deprivation level would only serve to fur-
ther increase and mésk the early onset of aversive effects.
B Another means of increasing aversive effects is to
provide higher concentrations of LiCl by intubation or
injection following the ingestion of two consecutive tas-
ty, but non-toxic fluids, When intubation or injection
follows the drinking periods, the periods could be shorter
(two minutes) and of equal length., The equal drinking
reriods would make less likely the need to transform the
data, as was necessary in the present experiment. Drink-
ing should be sustained at a falrly high and consistent |
rate for the total four minutes of drinking prior to the
introduction of aversive effects. Were the intake of both
flulds high and comparable on the first day, the acquisi-
tion of reinforcing strength apparent on day two would be
due primarily to a position effect.

With the use of intubation or injection, NaCl could
be used through all phases of the experiment., This would
allow for the establishment of independent base-=line lev-
els for each distinctive taste apart from the aversive

effects.,
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Ordinarily, with intubation or injection the taste
stimull and the aversive effects are 1ndeﬁendent. That
is, the suppression of one or bqth of the fluids would
not tell the rat when reinforcement ocgurred or not, since
there would be no necessary correlation between the amount
of fluids ingested and the aversive effects, In such a
design, the amount of Li1Cl could be made to vary with the
amount of flulds ingested and the aversive effects. 1In
such a design, the amount of L1Cl could be made to vary
with the amount of tasty fluid consumed in one of the two
consecutive positions, so that the rats could use the a-
mount consumed as a discriminative cue. Balagura (1970)
has shown that the amount of tasty fluid consumed can af-
fect the amount of reinforcing strength acqulred.

The aversivé effects could be made to vary with the
position of the flulds in each group. Tastes could also -
be controlled, by varyilng the order in different groups,
and the position effect could be tested under more con-
trolled conditions, Eurthermore. it could be seen wheth-
er the dliscriminative process would be confirmed, If so,
the possibllity of an interaction between the discrimina-

tive porcess gnd the position effect could be tested,
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