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ABSTRACT

Twenty-four albino rats were tested in a 5* straight 

alley on a double alternation pattern of revzard and non- 

reward--a pattern which previous work has shown to be im

possible for the rat to perform on the basis of internal 

cues or memory. During acquisition, the Ss were rotated 

through their eight daily trials with the order of running 

reversed each day. The pattern of reward and non-reward 

was that of RRNNRRNN, where R and N designate rewarded and 

non-rewarded trials, with all .Ss receiving the same goal 

event on any given trial.

By using an exhaust fan which was mounted beneath the 

goal box, a continuous stream of air could be drawn through 

the entire length of the alley to evacuate any odors which 

might serve as discriminative cues regarding the presence 
or absence of reward in the goal box. Two groups, "fan" and 

"odor", were designated on the basis of the availability of 

odors as defined by whether the exhaust fan was operated for 

that group.

A total of sixteen days of acquisition were given, con
sisting of eight trials per day. The "odor" group exhibited 

appropriate patterning (fast on rewarded trials, slow on non

rewarded trials), whereas the "fan" group showed no such 

patterning during the sixteen day acquisition period.
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Two days of transfer training were given. During trans
fer, the "odor" and "fan" groups were subdivided into four 

groups with acquisition and transfer conditions as follows: 

0-0, 0-F, F-0, and F-F. Since the operation of the fan was 

the only change which occurred in the method during trans

fer, the stimulus properties of the fan as they affected 

the subject's behavior could be investigated.

Three days of extinction were given. Days 1 and 2 of 

extinction were given with the fan operating for all Ss. 
On day 3? the "odor condition" was introduced for all Ss.

Evidence obtained by a comparison of the data from the 

conditions of acquisition, transfer, and extinction indicat

es that, although the initial response to odor is an uncon

ditioned one, if a particular goal event is consistently 

paired with the presence or absence of odor, the presence 

or absence of that odor will begin to function as a condi
tioned S^ for subsequent Ss.

In addition, it was shown that the presence of such 

odor results in lessened resistance to extinction and a 

general decrement in running speeds on both rewarded and 
nonrewarded trials for the "odor" £s as compared to those 

.Ss for which the use of the exhaust fan precluded odor- 

mediated discriminations.

Finally, it was determined that the use of an exhaust 

fan is acceptable as a convenient and effective means of 

control for this possible source of contamination.
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Chapter I

Introduction

A recurrent problem in the experimental study of be

havior is that of the discovery and control of extraneous 

variables. Treatments given to experimental subjects are 

generally assumed to have no effect on control group be

havior; an assumption which can be violated by faulty de

sign or by ignorance of the variables which influence be

havior in a particular experimental setting. The latter 

case is of interest here.

Recent evidence suggests that the albino rat, in an 

enclosed apparatus such as the straight alley or any of 

several types of mazes, often has access to direct sensory 

information regarding the occurrence of rewarded (R) or 

nonrewarded (N) trials prior to entering the goal area. 

These cues have been demonstrated to occur in the form of 

odors laid down by preceding subjects and, under several 

rather common experimental designs, can be pervasive 

enough and persistent enough to influence the responding 

of subsequent subjects in a manner appropriate to the 

reinforcement contingencies. The present study represents 
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an attempt to further validate the occurrence of this 

phenomenon, to cast some light on the dynamics of its 

operation, and to specify a satisfactory means of con

trol .



Chapter II 

History of the Problem

Several recent investigations (McHose and Ludvigson, 

1966; Spear and Spitz.ner, 19663 Ludvigson and Sytsma, 196?; 

Valenta and Rigby, 19685 Ludvigson, 1969; Morrison and 

Ludvigson, 197Q; and Seago, Ludvigson and Remley, 1970) 

have reported the apparent existence of discriminative cues 

in the form of odors exuded by albino rats following the 
occurrence of electric shock (Valenta and Rigby, 1968), 

non-rewarded trials, and possibly, a qualitatively or quan

titatively different odor following rewarded trials (Lud

vigson, et al.). The existence of such cues, if confirmed, 

would require a re-evaluation of those past studies which, 

as a result of the design or the apparatus employed, were 

susceptible to this possible source of contamination.
In 1965, Surridge and Amsel warned against behaving 

toward the albino rat "as though this animal can only res

pond differentially to cues we intentionally provide" with

out careful consideration of the possibility of extraneous, 

unintentionally provided discriminanda in the experimental 

setting (p. 373)• The discrimination most often reported 

thus_far--and of primary concern in this study--is the 
differential responding of the to rewarded (R) and non
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rewarded (N) trials on the basis of cues not intentionally 

provided by the experimenter. The possible origin of such 

cues has been postulated by these authors to be auditory 

(differential auditory stimulation associated with R or N 

trials), visual discriminations, temporal discrimination 

of differential I.T.I.s associated with. R or N trials, or 

olfactory cues ‘contained within the alley itself. Although 

olfactory discriminations were particularly suspected by 

Surridge and Amsel in both this and a previous study by 
Capaldi and Spivey (1964), such cues were believed to have 

been eliminated by scattering food crumbs along the space 

beneath the runway. A re-examination of this study suggests 

that olfactory cues may indeed have been the source of con

tamination, although of a different nature than that for 

which a control was instituted.
In 1966 (experiment II), Spear and Spitzner investi

gated the possibility of extraneous olfactory cues because 
of a ’’needling tendency" for control groups not receiving 

a shift in reward magnitude to behave as did experimental 

S^s which were receiving differential reinforcement. Although 

it had not achieved statistical significance in either case, 

the tendency had been observed in the previous study by 
Speaf and Hill (1965), and in Experiment I of the 1966 Spear 

and Spitznr study.
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The apparatus used in the Spear and Hill study and 
In all three experiments reported by Spear and Spitzner 

was a T-maze in which contrast effects between the res

ponses to a less favorable alternative (LFA) and a more 

favorable alternative (MFA) were compared. "Favorability11 

was determined by reward magnitude and the response mea

sures were both choice behavior and running speed. The 

observed tendency for the control group to choose the MFA, 

although not differentially reinforced, was most notice

able when the majority of the experimental _Ss were con

sistently going to the MFA. The authors labeled the control 
group behavior "tracking" and suggested that it was due 

to the discrimination of odors left in the apparatus by the 

prededing experimental Ss.
In Experiment II of the 1966 series by Spear and Spitz

ner, the number of Ss which traversed each arm of the T- 

maze were equated and feces and urine traces were removed 

after each trial and prior to the test trials of the Ss 

which received equal rewards in either arm (group 1-1). 

Differentially reinforced Ss, (group 12-1) which received 

a twelve to one ratio of food pellets in the MFA over the 

LFA, were run prior to group 1-1 to establish differential 

odors to the MFA or LFA. No conclusive evidence fb r pre

ference by group 1-1 of the MFA over the LFA was found.
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It should be noted, however, that the authors emphasized 
that the conditions for the occurrence of the "tracking" 

phenomenon were not maximized due to other, concomitant 

aims of the study. These authors concluded that if equal 

numbers of preceding ^s traverse each alternative and if 
fecal material and urine traces are removed, the "track

ing" phenomenon does not seriously affect control group 

behavior.

Although Spear and Spitzner interpreted their nega

tive findings as being damaging to an olfactory hypothesis 

of extraneous discriminative cues, positive results report

ed by McHose and Ludvigson (1966) during the same year were 

viewed as providing tentative support for odor mediated 

discriminations. These authors were also investigating 

contrast effects in differential instrumental condition

ing, when it became apparent (Experiment I) that differ

ential responding was occurring in the non-differentially 

reinforced control group. Two parallel alleys, one black, 

the other white, were used together with a start box which 

could be attached to either. All S>s were placed on a food 

deprivation schedule and divided into four groups. Three 

groups of _Ss received the following reinforcement (amounts 

in pellets/delay in seconds respectively): 1-0, 10-0, and 

10-10 in the alley designated S+. The "control" group re
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ceived one pellet after ten seconds delay in both alleys^ 

as did the discriminations Ss in the S- alley. The results 

of Experiment I showed that control Ss i-an significantly 

faster in the S+ alley than in the S- alley although hav

ing received identical rewards in both. In Experiment II, 

the amount of reward was equalized for both alleys to con

trol for differential amounts of food crumbs, etc., which 

may have remained in the alley, and only the delay in sec

onds differentiated the S+ from the S- alley. Again, the 

control group ran significantly faster in the S+ alley.

The faster running by control ^s in the S+ alley was attri

buted to their discrimination of qualitatively or quanti

tatively different odors exuded by the differentialjy re

inforced _Ss which preceded them. It was also suggested 
that the "odor trail" left in the S- alley elicited more 

competing responses than occurred in the St alley. Finally, 

McHpse and Ludvigson cautioned that such odors could, if 

consistently paired with R or N trials, acquire discrimin

ative characteristics for subsequent Ss.
The following year, Ludvigson and Sytsma (1967) re

ported an experiment which was explicitly addressed to the 

problem of discriminative odor cues. These authors suggest

ed that an unconditioned response to the odors laid down 

by previous Ss resulted in the greater latencies reported 
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"by McHoce and Ludvigson. However, if -such odors were con

sistently followed by reward (R) or nonreward (N), then 

conditioned responses to the presence of such odors might 

be expected to develop, thereby establishing a discrimina

tive cue function to their presence or absence. The design 

employed was one favorable to the development of differen

tial conditioning to odors while employing a pattern of ■" 
reinforcement (double alternation of reward and nonreward) 

which the albino rat is apparently unable to learn (Bloom 

and Capaldi, 1961). A straight 7' runway was used and the 

reinforcement pattern followed the sequence of RRNNRRNN 

where R and N designate rewarded and nonrewarded trials 

respectively. Two groups were designated group P and group 

NP. Group P S,s received the same reward schedule as did 

the S, which preceded them in the runway for all eight trial 

per day. Group NP Ss however, on any given R or N trial, 

were equally likely to follow either an R or an N trial 

for the preceding jS. Thus, differential conditioning to 

odors was highly likely for the _Ss in group P since reward 

conditions were consistent for any one trial across that 

entire group. Differential conditioning for group NP was 

highly unlikely, since either an R or N trial might accom

pany the presence or absence of odor in the runway. Before 

the initial S of any group was run, the alley was swabbed 
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with a damp sponge to eliminate odors from the previous 

set of trials.

The results showed strong appropriate patterning to R 

or N trials in group P and no such patterning in group NP. 

In addition, a large decrement in resistance to extinction 

was found for group P, which the authors suggested was due 
to an accumulation of the ’'odor associated with nonrevzard" 

in the apparatus (p, 284). According to this hypothesis, 

an external stimulus change additional to the removal of 

food might account for the more rapid extinction of group 

P -- a stimulus change which would have been associated 

equally often with rewarded trials for group NP. Since for 

group NP the occurrence of an R or an N trial was not con

sistently paired with an R or an N trial for the preceding 

S, differential conditioning to odors would not be expect

ed to occur and resistance to extinction would remain at a 

higher level.

- In 1969, Ludvigson extended his earlier findings using 

essentially the same design as was previously employed in 

his studies with McHose and with Sytsma. In this study, how

ever, four groups of _Ss were used in an attempt to determine 

the effect of constant vs variable daily schedules of reward 

and nonreward on odor cue discrimination. The various groups 

received schedules as follows: group NC received the cons

tant schedule of RRNNRRNN for all Sjs on all days; group N 
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received a schedule of RRKNRRNH on days 1 and 2, and the 

converse of that on days 3 and 4 in a repetitive four day 

cycle throughout the study; group R Ss, on any given trial, 

received the opposite (R or N) condition from that received 

by the preceding Ss; finally, the group RN schedule was so 

arranged that the Ss received the same condition as the pre
ceding ,3 50^ of the tn me and the opposite condition $0^ of 

the time.

As expected, groups N and NO showed a highly signifi

cant patterning effect, whereas groups R and RN did not. 

This work extended the previous studies on discriminative 

odor cues in tvzo respects: (1) response patterning and the 

rate of extinction appeared to be greater for group NC (with 

a constant schedule throughout acquisition) than for group 

N and (2) no response patterning developed if rewarded trials 

always followed the nonrewarded trials of the immediately 

preceding .8 or the converse arrangement, i.e. response pat

terning does not occur if each in rotation receives the 

opposite goal event than that received by the preceding S>. 

In summary, Ludvigson suggests that contamination by odor 

effects, although readily produced, can be controlled by 

careful selection of inter-subject goal event sequences.

To this point in the review of the literature relevant 

to the function of odors as discriminative cues, the condi

tioned cue value of such odors had yet to be demonstrated 
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per se, for/ as Morrison and Ludvigson (1970) indicated, an 

unconditioned "avoidance reaction" to the odor itself, or 

merely the response to changes in olfactory stimulation could 
have confounded any conditioned cue function of an "odor of 

nonreward" in the previous studies. The odor specificity v/as 

also an area of uncertainty, i.e. were the odors under con
sideration those of "reward" or "nonreward" or both.

In order to investigate these considerations, Morrison 
and Ludvigson (1970) employed a T-maze which would permit 

response measurement in terms of correct choice behavior 

rather than the previously used response measures of running 

speeds or latencies. To establish the odor of reward or non
reward, "odorant subjects" were confined for thirty seconds, 

with or without food according to the requirements of the 

following trial, at the choice point of the maze. Following 

the odor establishment interval, experimental .Ss were intro

duced. Four groups were employed in each of the three repli
cations done. Group RN received the "odor of nonreward" vs 

the "odor of reward" as defined by the contingency given to 

the preceding odorant Group RO received the "odor of re

ward" condition vs the "clean" condition in which clean floor 

paper followed the removal of the odorant Group NG receiv
ed the "odor of nonreward" vs the "clean" condition, and 

group CC received clean floor paper on all trials. Each ,8 

received six trials per day, consisting of three trials under 
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each condition3 the order of vzhich was randomly assigned. 

The particular odor present (or the lack of odor) signalled 

the correct choice, right or left, to be made to obtain 

a food reward.
Both groups (RN & NC) receiving the "odor of nonreward" 

condition exhibited a "clear, though imperfect, discrimination 

which increased over trials". Following an A.O.V, performed 

on the mean number of correct choices, the "odor of non

reward" was found to achieve significance, although the "odor 

of reward", trials effects, and all interactions did not. 

These results support the notion that such odors, at least 

the odor of nonreward, can acquire a discriminative cue func

tion if consistently paired with a particular reinforcement 

contingency.

In order to determine that olfaction was the basis for 

the apparent sensory discrimination of rewarded trials from 

nonrewarded trials, Seago, Ludvigson and Remley (1970) re

moved the olfactory bulbs and connecting tracts from half 
of the 36 _Ss to be used in their experiment. Of the remaining 

_Ss, half were sham-operated with no tissue removed and half 

were left as normal controls. In addition, nine of the anos- 

mic Ss were provided a cue light which was lighted on 're

warded trials and dark on nonrewarded trials to determine 

whether discrimination was possible in anosmic rats on the 

basis of visual cues. Except for the introduction of the 
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cue light for one of the four groups, the experimental de

sign, the double alternation pattern of reward and nonreward, 

and the apparatus (a straight runway) were identical to those 

used by Ludvigson and Sytsrna (1967) and by Ludvigson (196'9) • 

The obtained results showed strong appropriate pattern

ing of responses by both normal and sham-operated _Ss. As had 

been reported previously, the effectiveness of odor cues 
was increased as the £> neared the goal area (in run and goal 

sections) and as the number of previous Ss experiencing the 

same goal event increased. The anosmic _Ss which had access 

to the light cue did not demonstrate these incremental res

ponse characteristics even though appropriate double altern

ation of slow and fast running did clearly occur. The authors 

point out that the light is an unchanging stimulus which 

does not gain in strength as the .3 approaches or as the num

ber of preceding Sis increases. The accumulation of odors 

presumably laid down in the goal area would be expected to 

affect responding in both these ways. Further, the appro

priate responding of the anosmic S^s utilizing visual cues 

demonstrates that post-operative anosmic S,s were capable of 

performing the discrimination task if cues were available.

An incidental finding which had been reported earlier 

by Issacson and Moss (1969) and was supported by this study 

was that anosmic rats were extremely vicious and aggressive
ly hostile. Nine of the sixteen anosmic Ss were "biters" 
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and by day 2 of acquisition, one such had to be dropped 

from, the study because of his intractibility. A further re

sult concerning the removal of the olfactory bulbs was that 

such _Ss ran considerably faster on both rewarded and non

rewarded trials than did controls. The performance of the 
anosmic S_s to which the SD light was available was consistent 

with this finding under discriminatory conditions also. In 

view of the changes in tractibility following removal of the 

olfactory bulbs and tracts, the authors offer two possible 

explanations for the observed differences in running speeds: 
(1) the enhancement of running speeds (as well as what might 

be termed "emotionality") by surgical anosmia, and (2) the 

possibility that normal SJs running speeds are slowed by 

attending to odors associated with the goal area whether 

such odors have a discriminative cue function or not.
Southall and' Long, in studies published in 1969 and in 

1971, have demonstrated that odors can serve as discrimina

tive cues in the acquisition of correct choice behavior in 

a T-maze, although the odors in these studies were presum

ably not those exuded by rats.
Wasserman and Jensen (1969) demonstrated the uncondi

tioned response to odors by showing that continuously re

warded Ss would run slower on trials immediately following 

those of a S which was receiving extinction. This effect 
was termed "pseudo-extinction" and was attributed to com
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peting responses to runway stimuli versus the odors exuded 

by rats undergoing extinction trials—an interpretation 

similar to that of Seago, Ludvigson, and Remley in the study 

reported earlier.

The experiments reported here represent the recent work 

which has been done regarding the existence and operation of 

discriminative odor cues in runway type studies using the 

albino rat as a subject.

The present study was designed to investigate both the 

conditioned and unconditioned responses of the S_s to odor 

cues by manipulating the presence or absence of such cues in 

the apparatus. Since the odors are assumed to be carried by 

air, an exhaust fan was mounted beneath the goal box with its 

intake at the start box. This arrangement should insure com

plete evacuation of the alley. This method for odor control 

would have the advantage of being more convenient than methods 

previously employed, e.g. swabbing the runway or re-covering 

the walls and floor of the maze with clean paper after each 

trial, and would allow greater experimental manipulation of 
the "functional anosmia" which would result if such fans 

proved to be an acceptable odor control. The ability to trans
fer a particular S, from a "fan" to an "odor" condition, and 

vice versa, would enable the experimenter to study condition

ed ahd unconditioned effects of such odorants during the 

conditions of acquisition, transfer, and extinction.
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METHOD

Subjects

24 naive male rats from the Holtzman Company, Madison, 

Wisconsin, approximately 120 days old at the start of the 

experiment, were used as subjects.

Apparatus

The apparatus was an enclosed 5' straight alley con
sisting of a 17u" start box, a 251" run section, and a 17u" 

goal section. The entire apparatus, with the exception of a 

wire mesh floor and a clear plexiglas top, was painted flat 

gray. Photocells were placed (measuring from the start box 
wall) at for the beginning of the start section, 171" 

for the beginning of the run section, and 431" f°r the be

ginning of the goal section. A final photocell at 561" ter

minated the timing devices and allowed a section of the 
plexiglas top to swing down as a goal box door. A 4|" 105/ 

115 VAC, 50-60 cps, 7 watt "Whisper-fan" from the Delwyn 

Company was used to move air from an open space 12" in length 

beneath the start box. The fan was mounted directly beneath 

the goal box. To prevent the Ss from seeing the contents of 
the food cup, a gray metal barrier, rising 2" in height from 

the floor, was mounted across the end of the goal box be

tween the subject and the food cup.
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Procedure

All Ss were placed on a schedule of 23 hr. food de

privation, with ad lib feeding for one hour each day, two 

weeks prior to the first day of acquisition. During this 

period they were handled and gentled for approximately five 

minutes per day. On the final three days before acquisition 

began, the _Ss were given placements of five minutes per day 

in the goal section of the apparatus with 97 mg- Noyes food 

pellets present in the food tray. Drinking water was provid

ed ad lib throughout the experiment.

Experimental Design

A. double alternation schedule of reinforcement follow

ing the daily sequence of RBNNRRNN, where R and N designate 

rewarded and nonrewarded trials respectively, was used dur

ing both acquisition and transfer.

Acquisition. Initially, the S^s were divided into two 
groups: an "odor" group in which the exhaust fan was not 

used and such odors as might have been in the apparatus were 
left undisturbed, and a "fan11 group, in which a continuous 

stream of air was pulled through the entire length of the 

runway from the start box and exhausted through a fan mount

ed beneath the goal box. On day 1 of acquisition, the _Ss in 
the "odor" group received their eight trials in rotation, i.e. 

with each £> receiving trial 1 before any received trial 2, 
prior to the rotation of the "fan" group through their daily 
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trials. On alternate days, the order of running the groups 

was reversed. In changing from the odor to the fan condition, 

the exhaust fan was allowed to operate for 10 minutes to in

sure complete evacustion of any odors which might have been 

present. Since the first of each group was used to estab

lish the odor cue, his scores were not included in the analy

ses performed on the data. A total of 16 days of acquisition, 

with 8 trials per day, was given to both groups.

Transfer. Two days of transfer training were given. The 

original groups, each with an n of 12, were subdivided into 
a ’'fan" and an "odor” group, resulting in four such groups, 

each with an n of 6. Acquisition and transfer conditions for 

these groups were as follows: F-F, F-0, 0-F, and 0-C. The 

procedures and reinforcement schedule used for transfer trials 

was identical to that followed during acquisition.

Extinction. During extinction, which consisted of three 

days at eight trials per day, the fan condition was used con

comitantly with the removal of reward for all subjects on the 

first two days. On day three, the odor condition was used for 

all £5s along with nonrevzarded trials. Otherwise, the proce

dures were identical to those used during acquisition and 

transfer.
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RESULTS

Acquisition

An inspection of the response times on day 16, the 

final day of acquisition, showed clear appropriate double 
alternation occurring In the "odor" group with _Ss running 

fast on rewarded trials and slovz on non-rewarded trials. 

No evidence of appropriate double alternation was seen at 
any time In the ’’fan" group.

For purposes of analysis, the response times were trans

formed to log (10X) times and the group means are shovm in 

figure 1. This figure reveals that although neither group 

showed any evidence of double alternation in the start sec

tion of the runway, the effect is clearly visible in the 
run and goal sections for the ’’odor" group. An Inspection 

of the data for each £S showed that all of the Ss in the 
''odor'' group showed double alternation in the goal section, 

whereas none of the "fan" Ss did. Figure 1 also suggests 

that the Ss in the "odor" group were running slower on re

warded trials than were the £s in the ’'fan" group.

An analysis of variance performed on the rewarded trials 
for day 16 of acquisition shows significantly slower running 

speeds in the goal section for the ’’odor’1 group as compared 

to those of the "fan" group (F= 15»1» df 1/21, p.<.05).
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Finally, figure 1 suggests that the running speeds for 
the second N trials (N2 and n4) in each pair of nonrewarded 

trials v/ere slower than the first N trials (KI and N3) for 

the "odor" group, although an analysis of these trials prov

ed to be non-significant (F- 1.91, df 1/20, p.>.05). An in

spection of the data suggested that increased variability in 
the "odor" group responding may have been a factor in the 

failure to attain significance.

Transfer

The data from transfer is very similar to that from 

acquisition in that no odor effects were visible in the start 

section of the runway. Run times and goal times were quite 

similar with respect to the relationships among groups and 

the presence or absence of double alternation of responding.

The goal times are presented in figure 2. Response mea

sures for goal times are shown in terms of group means after 

the individual scores were transformed to log (10X) times re

quired to complete the goal section of the runway. Note that 

the Ss in group 0-0 continued to show appropriate double al

ternation without exception. Groups 0-F, F-0, and F-F failed 

to show any evidence of double alternation throughout trans

fer. A comparison of the response times of group 0-F during 

the conditions of acquisition to those of transfer demon

strates the immediate cessation of appropriate patterning 
when the ''fan" condition was introduced at the beginning of 
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transfer.

For purposes of analysis, a single score v;as obtained 

for each .S by collapsing over trials on day 1 of transfer. 

An analysis of variance performed on the goal times for the 

F-F and 0-F groups indicates that response times were sig

nificantly slower for the 0-F group than for the F-F group 
(F= 5-66, df 1/8, p.<.05). Figure 2 also reveals that day 2 

was similar to day 1 with the exception that, by day 2 of 

transfer, this difference in response times appears to have 

attenuated to some degree.

Note also in figure 2 that for groups 0-F, F-0, and 

F-F there was a tendency to respond on trials following re

ward by more rapid running and trials following nonreward 

by slower running. However, on day 2 this effect was not as 

pronounced as on day 1.

Extinction

Three days of extinction were given. On days 1 and 2, 

the fan was used for all £>s. The third day was run with the 

fan off for all Ss. An inspection of the data for start, 

run, and goal times revealed that the differences seen be
tween the "odor11 groups and the "fan" groups for goal times 

were very similar, though somewhat diminished, in the run 

section. As was noted in the results for acquisition and 
transfer, no effects of the "fan” or the "odor" conditions 

were visible in the data from the start section of the run

way.
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The goal times for extinction are shown in figure 3 

in terms of group means of log (10X) transformations of in

dividual scores. This figure shows that group F-F, which 
received all trials up to extinction under the "fan" condi

tion, was most resistant to extinction. Group 0-0, which 
received no trials prior to extinction under the "fan" con

dition was least resistant. The groups which received vary

ing amounts of experience during acquisition and transfer 

with the fan were intermediate, with group F-0 extinguish

ing more slowly than group 0-F. This general trend continu

ed throughout all three days of extinction.

For purposes of analysis, a mean of each .S’s eight 

daily trials was calculated, thus yielding a single score 

for each _S per day. Factors in the analysis of variance for 

goal times were acquisition conditions, transfer conditions, 
and days. Ss trained during acquisition under the "odor" 

condition were found to be significantly less resistant to 
extinction than those receiving acquisition under the "fan" 

condition (F= 20.89, df 1/23, p.<.01). The interaction of 

acquisition conditions by days was also found to be signifi

cant (F= 3-^, df 2/48, p.c.05), indicating that group 0 ex

tinguished more rapidly over days than did group F.

Transfer conditions had no effect on the level of ex

tinction either as a main effect (F= 1.03) or in interaction 

with acquisition conditions (F= .33)• Nor did the conditions 
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of transfer affect the rate of extinction in an interaction 

with days (F" 1.21). However, the acquisition conditions by 

transfer conditions by days interaction approached signifi

cance (F- 2.51, df 2/40, p.>.10), which reflects the appar

ent inverse relationship between the amount of odor training 

throughout acquisition and transfer and resistance to ex

tinction. Note however, that figure 3 shows that the first 

trial of day three of extinction produced apparent slower 
responding in the £>s trained in acquisition under the "fan” 

condition than under the "odor’1 condition; although this 

effect was not significant (F= 2.85, df 1/22, p.>.05).
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CHAPTER V.

DISCUSSION

The results obtained in the present study support the 

use of an exhaust fan as a means of control for the presence 

of discriminative cues in runway type studies. This control 

was achieved by continuously evacuating from the apparatus 

the air upon which the odorants are assumed to be carried. 

In so doing, a condition which may be conceptualized as a 
"functional anosmia" is created for each S> as it is placed 

in the apparatus. The term "functional anosmia" was chosen 

since, although the organism retains unimpaired the ability 
to smell, olfactory stimuli, which in the normal or "odor" 

group may function as discriminative stimuli signaling R or 

N trials, are effectively neutralized. These results close

ly parallel the effects obtained in the study by Seago, 

Ludvigson, and Remley (1970) in which the olfactory bulbs 

and_the connecting tracts were surgically removed. A com

parison of the goal times for the final day of acquisition 

in both studies reveals that clear appropriate double al

ternation of responding was present in those subjects to 

which odors were available. No evidence of appropriate pat

terning to the double alternation of rewarded and nonreward
ed trials appeared at any time in either "functionally" or 

surgically anosmic subjects.
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Both studies also show that the normal subjects ran 

slower on rewarded as well as non-rewarded trials than those 

subjects to which odors were not available. In support of 
the Ludvigson, et al. "olfactory hypothesis11 concerning the 

occurrence of discriminative cues as a result of odors exud

ed by rats, both studies show what appears to be a cumula
tive “odor effect" occurring on the second trial of an R or 

N pair in a double alternation schedule. This effect is in

ferred from the tendency of normal subjects to respond fast

er on the second R trial than on the first R trial and slow

er on the second N trial than on the first N trial. This 

effect suggests a build-up of odor in the apparatus which 

occurs over trials.
Another parallel between the behavior of "functionally 

anosmic" and surgically anosmic subjects can be found in the 

data from extinction trials in both this study and that of 

Seago, Ludvigson, and Remley, (1970). Both studies showed 

that subjects to which odors were available during acquisi

tion ran more slowly throughout extinction than did the anos

mic subjects. The differences obtained in extinction in the 

Seago, et al., study were interpreted as being a result of 
control exerted by the presence of an "odor of nonreward" 

for the normal and sham-operated groups, with a light cue 

controlling the behavior of the anosmic group (group AL). 

Recall, however, that in the present study, the "fan condi- 
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tlonM was used for all subjects for the first two days of 

extinction. Therefore, by creating a "functional anosmia" 

in all subjects, any differences in performance during the 

first two days of extinction could not have been due to any 

odors in the apparatus. Yet the fact remains that, through

out extinction, the groups trained during acquisition under 
the "odor condition" ran significantly slower than those 

receiving acquisition under the "fan condition".

Several possible explanations can be offered for the 
differences obtained between normal and "functionally anos- 

mlc" subjects in this study. One possible explanation is 

that the differential responding of the "odor" versus the 

"fan" groups was due to "stimulus control". Stimulus control 

here refers to any change in runway stimuli which may effect 

a consequent change in behavior. Since groups 0-0 and 0-F 

were trained during acquisition with the fan off, it could 

be argued that the slower running seen during the first two 

days of extinction was the result of disruption of respond

ing by the operation of the fan, e.g. through noise, tactile 

stimulation by the moving air, etc. The stimulus control ex

erted by the operation of the fan is most clearly revealed 

by the F-0 and 0-F groups during transfer trials. These 

trials show only the effect of activating the fan for odor- 

trained subjects or the effects of turning off the fan for 

the fan-trained subjects, since the reward schedule remain
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ed exactly the same. The effects, previously indicated in 

figure 2, appear to be relatively faster running for those 
subjects transferred from the ’’odor condition'1 to the "fan 

condition" and slower running for fan-trained subjects trans

ferred to the "odor condition". On the first two days of 

extinction, the fan was operating for all subjects. If stimu

lus control were an Important factor in determining the res

ponse characteristics of group 0-0, days 1 and 2 of extinc

tion should show a greater difference with day 3 in response 

times, l.e. running speeds should be faster. Figure 3 does 

not substantiate this prediction. By a similar application 

of the data from transfer for group F-0, day 3 of extinction 

should show a slowing of running speeds for group F-F. Day 

3 of extinction, which is shown in figure 3> reveals such 

an effect in group F-F on trial 1. Trial 2 of day 3 shows, 

however, that the* effect has disappeared. Thus, the effects 

of stimulus control during extinction were transitory for 

both groups and are viewed as being of little consequence 

to this study. The Important finding is that throughout the 

three day extinction period the subjects trained under the 
"fan condition" were generally more resistant to extinction 

than were the odor-trained subjects.

Two other interpretations seem to be more acceptable 

In explaining the observed differences between the odor- 

trained and fan-trained groups during extinction. The 
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possibility exists that the "odor" group exhibited a gener

alization from the response "running slowly" on N trials to 

both R trials, during acquisition and transfer, and also to 

extinction trials. Another possibility is that attending to 

odors during acquisition, transfer, and extinction was, for 
the "odor" group, a response which was incompatible with 

rapid running. The operation of this phenomenon would have 

reduced running speeds on R trials during acquisition and 

transfer and on all trials during extinction. It is doubt

ful that the absence of odor in the apparatus during ex
tinction would have eliminated this "attending response" 

during the two days of fan trials. The slower running found 

in the odor-trained groups (0-0 and 0-F) throughout the 

study could be due to a combination of these two factors, 

as the data from acquisition, transfer, and extinction seem 

to support these interpretations equally well.

While these effects are interesting, recall that the 

principal purpose of the experiment was to determine whether 

the use of an exhaust fan is an effective means of control- 

ing discriminative between-trial odors. The data indicate 

that it is. Several distinct advantages are inherent in the 
use of an exhaust fan to produce a "functional anosmia" as 

a control for odor-mediated discriminations. The ability 
to transfer subjects from an "anosmic" to a normal state 

simply by turning off the fan, and vice versa, greatly 
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facilitated the study of odor-mediated discriminations. The 

immediate cessation of double alternation which occurred 

during transfer in the 0-F group clearly demonstrated the 
effectiveness of the fan in producing "functional anosmia". 

The ability to. transfer subjects from the "anosmic" condi

tion during acquisition to a normal condition during trans

fer (group F-0), also demonstrated that the failure of group 

F-F to double alternate during acquisition was not a per

formance effect, but a consequence of the fan operating to 

neutralize odors. If appropriate double alternation were 

possible without prior conditioning, and if the operation 

of the fan Itself were disruptive to the performance of the 

task, then appropriate double alternation would be expected 

immediately during transfer in the F-0 group. Tills was not 

the case.

An additionally Important advantage of the use of an 

exhaust fan is as a convenient method for odor control in 

studies which may not be directed toward investigations of 

odor-mediated discriminations per se. The need for such a 

control is apparent in those studies using an apparatus or 

design similar to those described here since conditioning 

to odor cues would be a powerful source of contamination.

Methods employed in the past to control for odor have 

been cumbersome, time consuming, or impossible to Implement 

under some experimental designs. Ludvlgson and Sytsma,
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(1967)> swabbed the alley with a damp sponge prior to each 

trial of the first subject in each group, a total of six

teen times per day. It is possible that such activity merely 

evacuated the air from the maze, rather than removing odor 

traces from the walls or floor of the apparatus. Ludvigson 

(1969) reported that the implications of his results were 

optimistic for the methodology of runway studies, and that 

the contamination produced by odor effects could be effec
tively ’’neutralized by a judicious sequence of goal events’’. 

The method proposed was a goal event sequence in which each 
subject should receive the opposite condition (R or N) from 

that received by the immediately preceding subject. This 

method is limited to those designs in which such a method 

for control is possible and, even then, would place restric

tions on the methodology of such a design.

Another method for odor control is that which was used 

by Morrison and Ludvigson (1970). In this study, three rolls 

of paper toweling were mounted on the apparatus, a T-maze, 

with the paper threaded through slots along the walls and 

pulled along the maze floor in order to remove odor. Again, 

such a method for odor control is viewed as being unnecess

arily expensive and time-consuming when compared to the use 

of an exhaust fan.

In view of the data obtained in this study, the use of 

an exhaust fan to control for discriminative odors in run
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way type studies is seen as an effective and necessary con

trol method. In comparison with previous methods, it is also 

believed to be inexpensive, convenient, and flexible enough 

for application to a wide range of experimental designs.
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