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ABSIRACT 

The behavoria l e ffects of r ender ing ra t sub jec ts surgicall y 

anosmi c were investigated 1.·n a d "ff 1. erential conditioning situation , 

Twe nty -seven anosmic rat subjects were randomly assigned to one 

o f three groups (nine subjects in each group) . Group lL-1S and 

Group 11S-1S served as the differentially rewarded groups with 

Group 1S-1S serving as the control group. During Phase 1 (Acqui

sition) Group lL-1S received one 500 mg. food pellet on S+ trials 

and one 45 mg. food pellet on S- trials; Group 11S-1S received 

eleven 45 mg. food pellets on S+ trials and one 45 mg. food pellet 

on S- trials; while Group 1S-1S received one 45 mg. food pellet 

on both S+ and S- trials. Phase 1 lasted 18 days (with four trials 

per day, 2 S+ and 2 S-) followed by Phase II (Extinction) which 

lasted 5 days. The results of Phase I failed to yield significant 

differential conditioning, let alone NCEs. During Phase II, the 

small reward control group (1S-1S) extinguished significantly faster 

in the start measure than the two differentially-rewarded groups. 

Further, the two differentially-rewarded groups (lL-1S and 11S-1S) 

extinguished significantly faster in the run measure to the for mer 

S- alternative which indicated that differential extinction occurred . 

This suggest s that some limited differential incentive formation 

occurred for Groups lL-1S and 11S-1S during Phase I. The data 

i nd i cates that surgically render i ng rat subjects anosmic has the 

e ffec t of reducing their incentive motivation level (reduction in 

non-emotional processes). 
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Olapter I 

IN1RODUCTION 

During the past 10 to 15 years there has been an increasing 

amount of interest shown in the effects of differential condi 

tioning (i .e . , concurrent reception of different reward magnitudes). 

An example of a differential conditioning situation might be to 

present the subject with a large reward (S+) in a black runway, 

and a small reward (S-) in a white runway. Findings from this 

area of research have been somewhat ponflicting with at least 

one study {Goldstein and Spence, 1963) indicating .that performance 

was determined solely by the magnitude of reward. On the other 

hand, other investigators have found performance to be dependent 

on the context in which the rewards are received (e.g., Bower, 

1961). 

The study by Bower (1961) found that the reinforcing effect 

of a given reward magnitude was not a static parameter; but rather 

that i t depended upon the context in which that reward occurred. 

In this study, Bower (1961) employed three groups of .rats that 

d · t d·st1.·nct runways. (i.e., black rece i ved concurrent rewar 1.n wo 1 

and white). One group of subjects received large reward {S+) in 

· d (S-) in the second runway (i.e., a one runway and small rewar 

) A second group received large 
differential conditioning group• 

rewar d in both runways, while the third group received small re-

. d. ated that the s- performance 
ward in both runways. The results 1.n 1.c 

1 



of t he first group was depressed be low that 
of the group receiving 

only small reward in both runways. Thi s fi nding was termed a 

"negative contrast eff ect 11 (NCE). F rustrat i on theory (Amsel, 

1958) was employed by Bower (1961) to interpret the NCE. Bower 

(1961) post ulat ed that the lowered S- performance for the d i ffer 

ential conditioning subjects resulted from a conflict between 

anticipat ion of reward (rg) which had generalized from s+ and 

fr us t ration (RF) elicited by the s- goal. 

Goldstein and Spence ( 1963) also reported a differential 

conditioning study in which black and white runways were used. 

However, their results conflicted with those reported by Bower 

(1961). Their findings indicated that asymptotic performance 

to a particular discriminandum was determined by the absolute 

magnitude of the reward received and was not a function of its 

relative magnitude (i.e., NCE's did not develop). For reasons 

to be discussed later, it should be noted that the two runways 

used by Goldstein and Spence (1963) were serviced by~ indi

vidual gray start boxes. 

1 the differences in the findings In an attempt to reso ve 

reported by Bower (1961) and Goldstein and Spence (1963), Lud-

vigson and S.E. Gay (1966) used a three groups of rats which 

1 pellet of food reward in one {S+) r eceived either 19, 10, or 
done pellet in the 

of two r unways of differential brightness, an • 

nteir results indicated that 
second runway (S-), respectively. 

of the response chain were an 
S- speeds in the i nitial segments 

inverse function of S- reward magnitude. 
In other words , NCE' s 
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developed and were directly 
proportional to the magnitude of 

reward received in the s+. It was al f so ound that response speeds 
t o the S+ did not differ among the 

groups. I n addition, their 

data indicated that the maximum NCE 
occurred in the start measure 

when the cue of the impending reward was presented, 
and further, 

that the strength of this NCE 
appeared to dissipate (i.e., less 

difference between S+ and S- speeds) as the subject approached 

the goal. 

3 

A study by Ludvigson and R.A. Gay (1967) supported and extended 

the Ludvigson and S.E. Gay (1966) findings. The Ludvigson and R.A. 

Gay (1967) article reported the results of two experiments. The 

first experiment undertook to replicate the Ludvigson and S.B. Gay 

(1966) study with one exception, the latency between the time that 

the subject consumed the reward and his removal from the goal box 

was kept to a minimum to ensure that no competing responses were 

made. This proc~~ure was employed to ensure that frustration 

did not have an opportunity to develop in the goal box. The re

sults of the first experiment reported by Ludvigson and R.A. Gay 

(1967) substantiated those of Ludvigson and S.E. Gay (1966) by 

d di.d develop and was again showing that a strong NCE in S- spee s 

t of the response chain and most pronounced in the initial segmen 

dissipated as the goal was approached. The data indicated that 

al box did not prevent 
immediate removal of the subject from the go 

. due to competing responses 
the occurrence of a NCE (i.e., frust ration 

not the source of the NCE). made at the goal was 
The second ex-

(1967) tested the hy
Periment reported by Ludvigson and R.A. Gay 

the s- as the subject 
P th . the cues signaling 0 esis t hat presenting 



entered the start box, as compared with the 
alley, would markedly 

i nfluence performance in the alley. 
The research anticipated that 

a maximal NCE would occur at the point of 1.·n1.· t1.· al pr esentation 

of s- cues and that this NCE ld wou attenuate rather quickly. Sub-

jects were randomly assigned to one of t.hree groups of equal size 

with the study consisting of two phases, preshift and postshift. 

During the preshift phase, Group BW always started from two start 

boxes, black a nd white respectively, which corresponded in color 

to the alley each start box serviced. A second group, Group G, 

started from a single gray start box on each tr i al; while in a 

third group, Group C (control), one half of the subjects started 

from the gray start box and the other half from the black and 

white start boxes. Subjects in Groups BW and G received 12 pellets 

in S+ and one pellet in S-, Mtile subjects in Group C received 

one pellet on all trials. During the postshift trials, Group BW's 

start boxes were reversed, with the white s t art box leading to the 

black alley and the black start box leading to the white alley. 

Group G was shifted from the gray start box t o the black and white 

start box (i.e., the conditions that prevailed for Group BW during 

the first phase). Conditions for Group C remai ned unaltered 

during the postshift phase. The results i ndicat ed that Group BW 

• 11 to t he s t art box door, 
showed a NCE in the "speed of orienting 

and a greatly attenuated NCE i n actual alle y per f ormance. On 

d trong NCE in the start measure 
the other hand, Group G showe as 

discriminat i ve cues for 
(i.e., the initial presentation of the 

that group) • 
the Ludvigson and S.E. Gay 

The results corroborated 

4 



(1966) data by i nd icating that the initial presentation of the 

s- cue is an important variable in 
controlling the magnitude of 

the NCE a
nd that the NCE is maximal just after the subject first 

receives the cue indicating that ans • 
- trial is impending. Lud-

5 

vigson and R.A. Gay (1967) speculated that the discrepancy between 

results reported by Bower (1961) and those reported by Goldstein 

and Spence (1963) could be attributed to the starting conditions 

used by the two studies. The Goldstein and Spence (1963) study 

employed two separate gray start boxes, one for each alley, which 

might have provided the subject with differential S+ ands- cues 

just prior to the measurement of the running response. Thus, a 

greatly attenuated, or possibly no NCB would be predicted on the 

basis of the Ludvigson and R.A. Gay (1967) data. Goldstein and 

Spence (1963), as already pointed out, did fail to obtain an NCB. 

On t~e other hand, Bower (1961) used only one gray start box, 

b th In th1·s s1·tuation differential responding common to o runways. 

(i.e., an NCE) would be predicted, and, as already mentioned, did 

occur. 

A study by Davis, Gilbert' and Seaver (1971) sought to deter-

the discriminative cues at different mine the effects of presenting 

points in the runway. 

we re randomly assigned to four equal Forty rat subjects 

h discriminative cues were 
Qroups. For subjects in Group SO, t e 

W\ received discriminative 
presented only in the start box; Group 

the entire apparatus; Group 
cues in the start box and throughout 

and goal sections; 1 in the run 
RO received discriminative cues on Y 
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Group NO (control Group) received n . . . 
on-d1scr1m1native cue presen-

tation. 

The results of the D · av1s et al. (1971) study supported the 

data reported by Bower (1961), Ludvigson and 
S.E. Gay (1966), and 

Ludvigson and R.A. Gay (l967), by indicating that the primary 

effects of differentially presenting th d' • . . e 1scr1m1nat1ve cues were 

• on s- performance. Further th , e most significant decrement in 

performance occurred when the onset of the s- cue coincided with 

the initiation of the response. It was also shown that the longer 

a subject was in the presence of the discriminative s- cue, the 

more the decrement in 5- performance dissipated. 

A differential conditioning study reported by McHose and 

Ludvigson (1966), interestingly enough, found that a nondiscri

mination control group displayed differential responding, (i.e., 

fast to S+, slow to s-~ To account for these surprising results, 

McHose and Ludvigson (1966) proposed that the discrimination dis

played by these control subjects was based upon odors exuded by 

the discrimination subjects. These odors were subsequently attended 

· Subsequent to the publ i cation of this to by the control subJects. 

study by McHose and Ludvigson ( 1966) , research in the area of 

olfactory control of animal maze learning has i nc r eased drastically. 

f ld · ture concerning 
From this accumulation of data, a two- 0 pie 

to be emerging. 
the nature and utilization of odor cues appears 

discriminative cue function, allowing 
First, odors appear to serve a 

Of an impending goal event (Lud
subjects to forecast the nature 

d Surridge , 1969; Seago, 
vigson and Sytsma, 1967; Amsel, Hug, an 
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Ludvigson, and Remley, 1970; Morrison and 
Ludvigson, 1970; Davis, 

Crutchfield, Shaver, and Sullivan, 1970 . 
, Prytula, Cox, and Bridges, 

1973; Prytula and Payne, 1974). s 
econd, reward and nonreward ex-

periences appear to produce odors which serve to elicit uncondi-

tioned approach and avoidance responses, respectively {Wasserman 

and Jensen, 1969 ; Collerain and Ludvigson, 1972; Mellgren, Fouts, 

and Martin, 1973)• To date, numerous procedures have been employed 

in an attempt to control, and hopefully eliminate, odor cues in 

the runway-type situation. For example, odor-control techniques 

have included: swabbing the apparatus with water (Davis and Lud

vigson, 1969), with Lysol (Davis, Crutchfield, Shaver, and Sulli

van, 1970), or with mild disenfectant (Davis and Ludvigson, 1969); 

using removable paper flooring (Collerain and Ludvigson, 1972); 

and exhausting the runway air (Bloom and Phillips, 1973). However, 

the most stringent odor control procedure would appear to be the 

use of anosmic (i.e., olfactory sense re110ved) subjects. But, 

before the widespread use of anosmic subjects as an odor-control 

procedure is effected, it would seem important to ascertain what 

behavioral effects, if any, are produced by rendering the subject 

anosmic. 

· h been the focus Although rats rendered surgically anosm1c ave 

d . the behavioral effects of anosmia of a number of recent stu 1es, 

remain unclear and somewhat elusive. 
For example, in an attempt 

to determine the effects of anosmia on runway behavior, surgical 

Marrero, Davis, and Seago (1973) 
employed two groups (large and 

small reward) of anosmic ~s. 
f this study indicated The results o 
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that the performance of the large-reward anosmi'c Ss 
was somewhat 

inferior (significantly so in the t 
s art measure) . to that of the 

small-reward anosmic ~s. A stud b 
Y Y Davis, Harper, and Seago 

(1975) replicated the data reported by Marrero et al. (
1973

) 

and additionally, evaluated the effect of a shi'ft 
from large - reward 

to small reward. Compared to the abrupt and precipitous drop in 

performance shown by the normal subjects experiencing the same 

reduction in incentive, the shift in incentive resulted in a much 

more gradual decline in the performance of the anosmic subjects. 

Thus, the results of the Marrero et al. (1973) and the Davis et al. 

(1975) studies strongly suggest that, in addition to eliminating 

the sense of smell, surgical anosmia additionally has a pronounced 

effect on motivational level. The effect ,rould appear to be that 

of lowering the motivational level. Conversely, Seago, Ludvigson, 

and Remley (1970) reported that anosmic rats trained under a double

alternation pattern of reward-nonreward ran faster than did normal 

rats, particularly in the goal section of the apparatus. In 

addition, these investigators reported that several of the anos■ic 

~s were quite vicious. 

Other investigations have pointed to the apparent inferiority 

Early studies (Lindley, 1930; of anosmic rats in various tasks. 

learning ability of Honzik, 1936) investigating complex maze 

· s made consistently 
anosmic and normal rats indicated that anosmic _s 

more errors than did normal ~s. 
· 11· (1970) More recently, Phi ips 

d . 1 learning set . rats failed to isp ay found that a group of anosmic 

. . ·nation problem. formation in a visual discrimi 
Sieck (1970} re-



Ported difficulty in handling . 
anosmic rats and his data reflected 

tter performance of · · be anosmics in an act1·ve avoidance task, but 
decreased learning ability in a p . 

assive avoidance task. Hespe-

cul::i ted that the olfactory system was 1·mport t . • . . . 
an 1n ma1nta1n1ng 

a balance between activating and directi·ng mechanisms in the rat 

brain. Marks, Remley, Seago, and Hasti·ngs ( 1970) , however, have 

reported somewhat different results. They reported that in both 

active and passive avoidance tasks, control rats were superior to 

anosmics, while in an operant task, anosmics maintained a higher 

rate of bar pressing than did control ss. 

These particular studies suggest that the ablation of the 

9 

rats ' olfactory lobes influences behavior in subtle and varied ways. 

Therefore, a clearer picture of the effects of anosmia on behavior 

would seem to be warranted before subjects of this nature are 

employed as an odor-control technique. 

Combining these 1 ines of research , the present study was de

signed with several purposes in mind. First , it would appear to 

be of interest to investigate the effects of concurrently expos i ng 

anosmic subjects to different levels of reinforcement ( i .e.• a 

· ) If , as t he Marrero et al. differential conditioning situation • 

t the effect of anosmia 
{1973 ), and Davis et al. (1975) data sugges , 

1 then one might predict that 
is to lower the motivational leve , 

. subjects in this situation. 
NCE's would not be shown by anosmic 

that both the Marrero et al, 
Add i tionally, it should be recalled 

) 
tudies indicated that anosmic sub-

(1973), and Davis et al. (19 75 s . 

d 
showed inferior performance relative 

jects receiving large rewar 



to anosmic subjects receiving small reward, 
These results suggest 

tha t the anosmic subject m~y find the receipt of large reward to 

be somewha t aversive. The concurrent receipt of both large and 

small reward s on a within-subject basis would also appear to be 

an excellent manner by which to ascertain the relat i ve attraction 

and/or aversion to different reward magnitudes by the anosmic sub

ject. 

Second, by extending research on anosm i~ i nt o a prev i ously 

un i nvest iga ted area (i.e. , differential condit i on i ng) , the present 

study was designed to provide additional i nfo rmation concern i ng 

10 

the effects of anosmia in general and its effects on runway behavi or 

i n particular. Obviously, a clearer picture of these effects would 

appear to be important in its own right , but such a p i cture would 

also aid in resolving the question concerning t he advisab i lity of 

us i ng anosmic subjects as odor controls. 



subjects 

Chapter II 

MEruoo 

Twen} y-seven naiv~ male albino rats purchased from the Sprague

Dawley Laboratories, Madison, Wisconsin served as subjects, and 

were approximately ninety days old at the time of surgery. All 

animals were re ndered surgically anosmic in the following manner. 

First, each subject was anesthetized with sodium pentobarbital. 

Then, using a stereotoxic instrument, trephine openings were placed 

on each side of the sagittal suture above the olfactory bulbs. 

The olfactory bulbs and connecting tracts were removed from each 

subject with an aspirator. Beginning one week before the start 

and continuing for the duration of the experiment, all subjects 

were placed on food deprivation and maintained at 85% normal body 

weight. All subjects were housed in individual cages with water 

always avilable. Maintenance of the depr ivation schedule took 

place at the completion of each daily experimental session. 

Apparatus 

The apparatus Consl.·sted of two straight runw3ys (11.43 cm . 

12 _7 mm. th i ck p i ne lumber. 
wide, 12.70 cm. high) made from 

One 

d black , wh i le the other runway 
runway and its goal box was painte 

·t Both runways 
and its goal box was painted whi e. 

were serviced by 

that could be positioned in 
a common gray start box (38,10 cm.) 

front of either runway. Each runway was 
divided into a 91.44 cm. 

11 



run section, and a 30.48 cm. goal box. 
The start and goal boxes 

were separated from the run section by masonite guillotine doors. 

Raising the 
st

art door activated a standard electric timer (start 

time). Passing th rough a photoelectric beam located 15.24 cm. 

beyond the start door stopped the first timer and activated the 

second timer (run time)• Breaking a second beam (located 76.20 

cm. beyond the first beam) stopped the second timer and started 

a third timer (goal time). Breaking a third beam (located 5.08 

cm, in front of the goal cup) stopped the third timer. The goal 

12 

cup in each goal box consisted of a plastic recepticle (4 cm. wide, 

4 cm. high, and 3.40 cm. deep) recessed into the end wall. Hard

ware-cloth tops covered the entire apparatus. 

Procedure 

· · t · t d 01· ne days prior to the beginn i ng Food deprivation was 101 1a e 

of the experimental project. A pretraining phase was begun five 

days before the start of the experiment. D.ir i ng pre train i ng , all 

and tamed {Days 1-2) ' allowed t o i nd i vi dually subjects were handled 

and pellet hab i tuated i n the home explore the runways {Days 3-5), 

cages ( Days 1-5) • 

three equal groups were randomly At the start of pretraining, 

formed. lL -1S received one 500 mg. food Group Pe lle t on S+ t r i als 

S- trials dur i ng a cqu i stion. and one 45 mg. food pellet on 
Group 

11S-1S received eleven 45 mg. 
S+ trials , and one food pellets on 

Fi nally , Group 1S-1S 
during acquisition. 45 mg. food pellet on S- . 

received one 45 mg. food pellet 
and S- tr i als dur i ng 

00 both S+ 



acquisition. 13 

An 18-day acquisition phase w · • . 
as initiated immediately after 

pre t ra i ning. During this phase all subjects received 2 S+ and 2 

S- trials per day. Administration of the four da i ly trials t o each 

S was determined by random ass i gnment of one of the six possible 

sequences of+ and - with the restriction that no sequence could 

occur more than twice in succession. The use of the black and 

white runways as S+ or S- cues was counterba lanced wi th i n each 

group. Subjects were confined to the star t box fo r s seconds be

fo re the start door was raised and t he t r ial i ni t i ated. Subjects 

were removed from the goal box a s soon as t he rewar d was taken 

i nto the mouth. Additionally t he order fo r r unning s ub jects was 

randomized daily, with all Ss rece i v i ng Tr i al 1 before Tri al 2 

was administered , etc. 

A 5-day (40 Trial) extinction phase f ollowed acquisition. 

The same procedure as used- i n acqu i s i tion pr evai led du ri ng ex 

. t h tall s ub J·ects were confined to tinction , with the exception a 

t he empt y goal box for 30 seconds on all trials . 

Following the t he sub J· ects were sacrificed extinction phase , 

using an overdose of sodium pentobarb l ta_l they were the n perfused 

. . lOQ neut r al buffe r e with normal saline in a ~ 
d formal i n solut i on . 

Th Was then r emove d and s t o red e ent i re brain 
in a formal i n solut i on. 

the bra i n revea l ed Vi sual inspection of 
t hat t he olfactory bulb s 

d f rom all s ubj ect s . 
and t r act had been successful l y remove 



Chapter III 

RESULTS 

Figures 1-3 present mean t s art, run and goal speeds (meters/ 

second) respectively, for the three groups during Phases I and II. 

Analyses of variance were performed on the data from Days 17-18 

of Phase I ( the point at which differential responding should have 

been the st rongeS t ) for all three measures. The results of these 

analyses corroborate the graphical impressions that differential 

conditioning, let alone NCE's was not shown by either Group lL - lS 

or Group 11S-1S. Tables 1-3 summarize these analyses. 

Analyses performed on the five extinction days indicated that 

in all three measures both the Reward Alternative (former S+ vs 

formers-) factor (start, .E. = 7.62, df = 1/189, e(.01; run , F = 

22 .46 , df = 1/189, e_(.01; goal, E_ = 4.33 , df = 1/ 189, E. (.OS) , 

and the Trials factor (start, F = 11,02 df = 4/189, e.<•01; run, 

F = 9.51, df = 4/189, e_(.01; goal, E_ = 8.33, df = 4/ 189, e_ ( .01) 

were significant . Additionally , Groups by Tr i als interaction was 

(E. = 2.47 , df = 8/ 189 e_ (. OS) , 
significant in the start measure 

· interaction in the run 
as was the Groups by Reward Alternative 

measure (F = 6.72, df = 2/189, e_(.Ol). 
Tables 4-6 summarize these 

analyses. Using simple ma1. n-effects analyses and Newman-Keuls 

t. was further investigated. 
procedures, the Groups by Trials interac ion 

t the groups differed 
The results of these analyses indicate tha 

([ = 4 .66, df = 2/ 21, 
at Day 4 

significantly in the start measure 
= 2121 , E. (. OS) with Group 

e.(.05) and at Day 5 (.E. = 5 •13 1 df 

• 14 



1s-lS extinguishing significantly (2_(.os) faster than Groups 
• 

lL-15 and llS-lS on these days. Further, using simple main-

effects analyses, the Groups by Reward Alternative interaction 

indicated a significantly depressed performance preference to 

5 _ compared to S+ in the run section for Group lL-1S (F = 9.37, 

15 

df = 1/21, E. (.01) and Group 11S-1S (r = 10.02, df = 1/21 , E.<•01). 

Groups by Reward Alternative interaction showed borderline signi

ficance in the start and goal measur~s during extinction , t hus 

supporting the impression that the significant Reward Alternative 

differences were primarily attributable to differential responding 

by Groups lL-1S and 11S-1S. 



Chapter IV 

DISCUSSION 

The most striking feature of the present study is the 
complete 

absence of differential responding h 
, ence, no NCE~, during Phase I 

on the part of the differentially-rewarded 
groups (lL-lS and llS-1S). 

These results are, obviously, not consistent w1.·th 
the data reported 

by Bower {1961), Ludvigson and S.E. Gay (1966) , Ludvigson and R.A. 

Gay (1967), or Davis, Gilbert , and Seaver {1971) which showed sig-

nificant NCE's, especially pronounced i n the start measure. 
On the 

other hand, the data of the present study is also not consistent 

with that reported by Goldstein and Spence {1963) . It will be 

recalled Goldstein and Spence {1963) found that differential con

ditioning was primarily a function of reward magnitude. Hence, 

according to the position advocated by Goldstein and Spence {1963), 

one would expect to find differential responding. In addition, 

one would expect that the performance of Group 1S-1S would be inferior 

to the S+ performance of Groups lL-1S and 11S-1S, but equ i valent to 

the S- performance of these groups. Again, it is readily apparent 

t ha t these predicted results did not occur in this study. 

model Of d l..fferential conditioning developed A two-component 

b ) Woul d appear to be helpful in clari-
y Davis and Ludvigson {1974 

fying the results of the present study. 

differential conditioning results from: 

Th i s model proposes that 

(1) a nonemotional process, 

d Spence (l 9 63), which entails 
such as that suggested by Goldstein an 

d (2) an overlay of 
differential habit or incentive format i on ; an 

16 
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frustration that may accompany the b . 
asic discrimination and which 

would be expected to heighten the depre . 
ssion of S- speeds (i.e.' 

produce a true NCE). Since the data of the 
present study indicated 

that differential responding failed to 
develop, it would appear 

that one effect of surgical anosmia is 
to drastically reduce the 

first component of the Davis and Ludvigson (1974) model. In support 

of this position, the studies reported by Marrero, Davis, and Seago 

(1973), and Davis, Harper, and Seago (1975) h · d" ave in icated that 

one effect of surgically-produced anosmia is to reduce incentive 

motivation. 

Looking for a specific mechanism by which this behavior is 

mediated, it is tempting to implicate the limbic system , and the 

amygdala in particular. Anatomically the olfactory bulbs send 

fiber tracts directly to the cortico-medial nucleus of the amygdala. 

The limbic system is generally regarded as a primi ti ve mot i va t i onal 

system. Past research has indicated that amygdalectomy i nt e r fe re s 

with avoidance learning (e.g. , Robinson , 1963; Weiskratz , 1956). 

On the basis of the present data , it would appear t hat a reduc tion 

in input to the amygdala via the olfactory system mi ght poss ib ly 

reduce motivational level. 

Turning to Phase II (Extinction) , Fi gure s 1- 3 i nd ica t e t ha t 

performance for all three groups (lL-lS, 11S-1S and 1S-1S) declined 

during this phase. 
to be two other 

Additionally, there appears 

( 1) there was a tendency (sig
interesting aspects to this phase; 

the small reward control group 
nificant in the start measure) for 

differential-conditioning 
to extinguish more rapidly than the 
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groups, and (2) within the d"ff 

1 erential-conditioning groups there 
was a tendency (significant in th 

e run measure) for them to ex-

tinguish more rapidly to the former S-
alternative (i.e.' differ -

ential extinction). This later result 
would suggest that some , 

although limited, differential inc t · 
. en ive formation did take place 

during acquisition for Groups lL 1S d 1 - an 1S-1S. The fact that there 

was a slight tendency for these groups to prefer 
(i.e., faster 

speeds} the S+ during Phase I is supportive of this position. 

One of the stated objectives of the present study was to 

investigate the relative attractiveness or aversiveness of different 

reward magnitudes in the differential conditioning situation. As 

previously mentioned, the data reported by Marrero et al. (1973) , 

and Davis et al. (1975) supported the contention that the receipt 

of a single large pellet reward was an aversive event for the anos

mic subject. Obviously, the data from the present study does not 

support this contention. At present there would appear to be no 

clear -cut resolution of this discrepancy. However, one could IX)int 

In the to methodological differences as possible determ i nants. 

present study the subjects concurrently experienced both large 

and small reward, whereas subjects in the Marrero et al. ( 1973)' 

and Davis et al. (1975} studies experienced only one reinforcement 

Thus ' 1
·t would appear that concurrent ex

level at a given time. 

1 has the effect of negating 
posure to both reinforcement va ues 

t 1 e reward. Con-
f the single pelle arg 

any aversive properties o 
an odor-control technique, 

cerning the use of anosmic subjects as 
Marrero et al. (1973}' and 

the present study, in concert wi th th
e 
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Davis et al. (1975) data strongly 
caution a · t . gains the wide-spread 

use of the anosmic subjects as an 
odor controlling method. Sur-

gical anosmia does, indeed, produce distinct1·ve 
behavioral effects! 

Hence , other odor-controlling methods such as: 
scrubbing the 

runway down with water (Davis d 
an Ludvigson, 1969), using Lysol 

to disinfect the runway (Davis, Crutchfield 
, Shaver, and Sullivan , 

1970) using Windex to cl th ' ean e runway, (Davis, 1973), and the 

use of exhaust fans and air deodorants (Davi·s , and Ludvigson , 1974), 

should be considered for implementation. 

In summary then, the findings of the present study indicated 

that: (1) differential conditioning (hence no NCE) did not develop 

for the anosmic subjects during Phase I; (2) differential ext i nct i on 

(i.e., slower speeds to former S-) was shown by the differential 

conditioning groups thus indicating that some d i fferential incen

tive formation did develop during Phase I; and (3) t he previ ously 

found aversion to one large reward pellet was not displayed by the 

anosmic subject in the differential condition i ng s i tuation. The 

p i cture concerning the effects of surgically-produced anosm i a on 

the rat 1. s becoming somewha t more clear. the runway behavior of 

t d l of work to be done 
However, there obviously remains a grea ea 

i n this area before the full picture is seen. 
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TABLE l 

Analysis of Variance: 

Me an 
t ar t Speed - Acquis i tion Phase 

Source 
~ £! ~ 

Between Subjects 15.89 23 

A (Groups) 1.51 2 . 75 

Subjects Within 
Groups (error) 14.38 21 . 68 

With in Subjects 2 . 23 24 

B (+ vs -) .01 1 . 01 

A X B .12 2 . 06 

B X Subjects 
Within Groups (error) 2.10 21 . 10 

21 

F 

1.10 

.10 

. 60 
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TABLE 2 

Analysis of ar iance : 

Mean Run Speed - Acquisition Phase 

source ss df MS F 

Betwe en Subjects 2.47 23 

A (Groups) .09 2 .04 ,39 

sub jects Within 

Gr oups (error) 2.38 21 .11 

Withi n subjects 1.03 24 

B (+ vs -) .17 1 .17 4.25 

A X B 
.02 2 . 01 . 25 

B X Subjects Within 
Groups (error) .84 21 ,04 



TABLE 3 

Analysis of Variance: 

Mean Goa l Speed - Acquisition Phase 

source ss df ~ 

Between Sub j e ct s 27 .05 23 

A (Groups) .30 2 .15 

Subjects Within 
Groups (err o r) 26.75 21 1. 27 

With i n Subjects 2.45 24 

B (+ vs - ) .18 1 .18 

A X B .21 2 .10 

B X Subjects Within 
Groups (e r ror ) 2 . 06 21 .09 

23 

F 

.11 

1.86 

1.07 
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TABLE 4 

Analysis of Var iance : 

Mean Start Speed - Extinction Phase 

source ss df MS F 

Between Subjects 64.75 23 

A (Groups) 5.49 2 2.74 .97 

subjects Within 
Groups (error) 59.26 21 2 .82 

Within Subjects 72.32 216 

B (Former + vs -) 2.04 1 2.04 7,62** 

C (Trials) 
11.81 4 2 .95 11,02** 

A X B 
.43 2 ,21 ,80 

A X C 
5.29 8 . 66 2.47* 

8 X C 
,46 4 .11 .42 

AX BX C 
1.69 8 . 21 . 78 

Pooled Interaction ,26 

Within Subjects (error) 50.60 189 

*E. .05 

**E. .01 



25 

TABLE 5 

Ana l ysis of Var i ance : 

Mean Run Speed_ Ext· . 1.nct1.on Phase 

• 
source ss df MS F 

Between Subjects 13.17 23 

A (Groups) .08 2 .04 .06 

sub j ects Wi th i n 
Groups (error) 13 .09 21 , 62 

Withi n Sub j ects 17. 51 216 

B (Former + vs -) 1. 37 1 1.37 22 . 46** 

C (Trials) 2 .32 4 ,58 9 , 51** 

A X B 
.82 2 . 41 6 .72** 

A X C 
. 18 8 .02 . 36 

B X C 
.ss 4 . 13 2.25 

A X B X C 
. 74 8 . 09 1.51 

Pooled I nterac tion 
With i n Subjects (erro r ) 11. 53 189 .06 

**e. .01 

• 
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TA.BLE 6 

nalys i s o f Variance: 

Mean Goal Speed_ Ex tinction Phase 

source ss df MS F 

Between Subjects 118 .08 23 

A (Groups) .09 2 .04 .01 

subjects Within 
Groups (error) 117. 99 21 5.61 

Within Subjects 
58.03 216 

B (Former+ vs -) 1.04 1 1.04 4.33* 

C (Trials) 
8.00 4 2.00 8 . 33** 

• 76 2 ,38 1.58 

A X B 

A X C 
1.16 8 ,14 .60 

1.01 4 .25 1.05 

B X C 

A X B X C 
.70 8 . 08 . 36 

Pooled Interaction 
Within Subjects (error) 45.36 189 , 2 4 

*E. .OS 

**E. .01 
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FIGURE 1 

MEAN START SPEEDS {METERS PER SEC.) FOR rnouPs lL-1S , 11S-1S and 1S-1S 

IXJRING ACQUISITION AND EXTINCTION 
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FIGURE 2 

MEAN RUN SPEEDS (METERS PER SEC.) FOR ffiOUPS lL-1S , 11S-1S and 1S-1S 

IXJRING ACQUISITION AND EXTINCTION 
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FIG.JR E 3 

MF.AN (l)AL SPEEDS (METERS PER SEC.} FOR ffiOUPS lL-1S , 11S-1S and 1S-1S 

DlRING ACQUISITION AND EXTINCTION 
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