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ABSTRACT 

Fourteen rats served as subjects in an investigation 

of the effects of odor cues on speed of response in a 

straight runway. All subjects received 104 acquisition 

trials (52 reward, 52 nonreward) and 8 extinction trials. 

During acquisition the reward and nonreward trials were ad

ministered in a double-alternation sequence. For one group 

(Group P) the trials were administered in a homogeneous 

(odor maximizing) sequence. For the second group (Group NP) 

the trials were administered in a heterogeneous (odor 

minimizing) sequence. Unlike previous investigations, the 

apparatus did not have solid, odor-retaining lids, but 

instead was covered with wire mesh. The results indicated 

that neither group was able to learn the double-alternation 

sequence. However, the extinction results did suggest a 

possible odor effect, in that Group P extinguished at a 

faster rate in the goal measure than did Group NP, The 

study suggests that odor cues present in the runway can be 

minimized, but not totally eliminated, by the use of this 

type of apparatus. 
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CHAPTER I 

INTRODUCTION 

Within the field of psychology, the area of animal 

learning experimentation has a long history. Typically, 
studies of animal learning make the assumption that the per-

formance of one subject does not influence the performance 

of subsequent subjects. However, recent experimentat ion has 

indicated the presence of a variable that may be affecting 

the behavior of animal subjects participating in maze, run

way, and other similar laboratory situations. A large 

amount of data has begun to accumulate suggesting that odor 

cues, excreted by previous subjects, may cause later animals 

in the same situation to respond differentially. 

Early investigations yielding speculations of the pos

sible influence of olfactory cues include those done by 

W, s. Small (1901). Small suggested that odor cues possibly 

affected the performance of animals in a Hampton Court maze. 

He noticed that rats would not use the path left by the 

1 He su6gested further investi-immediately preceding anima • ~ 

gation of this phenomenon, although he felt that odor was 

not important in shaping the animal's behavior. Watson 

i ment found that anosmic 
(1907), in another maze exper ' 

than did normal animals. 
animals learned the maze slower 

f lfactory involvement, he 
In spite of this implication° 0 



2 
agr eed with Small concerning the unimportance of odor cues. 

Recent evidence has been more favorable 
toward the odor 

hypothesis. Experimentation has developed along four major 

lines, territorial marking, stress odors, spontaneous alter

nation, and frustration odors . A ccordlng to a recent r eview 

article (Schultz and Tapp, 1973), convincing research on 

territorial marking in rodents le currently lacking. Con

cerning stress odors however, the same authors admit that i t 

is reasonable to assume that rodents do communicate specif ic 

information about stress by olfaction, They base this con

clusion on studies carried out by Valenta and Rigby (1968) 

where rate responded differentially to the odor of electri

cally shocked or unshocked animals. Muller-Velten (1966) 

reported similar results in an experiment in which mice 

showed an alarm reaction in response to a possible odor 

emission from another animal being roughly treated. 

Finally, King (1969) established the same implications with 

rate, which had been previously conditioned by a foot shock, 

supplying the hypothesized odor. 

alternation, odor cues also In research on spontaneous 

appear to be influential, This behavior pattern is exem-

i different maze arm than one plified by an animal enter ng a 

Unrewarded exploration of a T-maze 
previously chosen during 

or cross maze. Odor Cues present in the environ
Possible 

t r the success of the 
ment of the maze signal the present ra 0 

. h ame situation. The spontaneous 
previous animal(s) 1n t es 

d and been substantiated 
alternation phenomenon has occurre 



in research done by Douglas (1966 ) 
· • Klein and 

and Still and MacMillan (1969) 
• among others, 

3 

Brown (1.969), 

Numerous investigations int th 0 e nature and function of 
frustration-generated odors 

have been carried out, McHose 
and Ludvigson (1966), in an investi ti ga on of contrast 

effects in a differential instrumental conditioning situa-

tion, found that a group of control subjects receiving the 

same reward on all trials ran faster if previous animals 

had received a reward, and slower if previous animals had 

been nonrewarded, The authors tentatively attributed this 

differential responding to odor cues excreted by the pre

ceding animals. In a study directly concerned with odors, 

Ludvigson and Systma (196?) administered a double-alter

nation sequence of reward and nonreward to rat subjects. 

Previous data (Bloom and Capaldi, 19611 Ludvigson, 1969) 

had indicated that the rat could not learn to respond when 

trained on this pattern based on memory and internal cues, 

The use of the double-alternation pattern allows the control 

and evaluation of the effects of reward and nonreward from 

trial to trial, Their data indicated that strong, appro

priate patterning (i,e,, fast to reward, slow to nonreward) 

was readily established when all subjects with in a group 

received the same goal events, reward or nonreward, on a 

given trial. More importantly, 
marked double-alternation 

established most strongly in the goal 
responding was 

dor cues emitted by subjects 
section of the runway where 0 

most likely be present, and be 
on previous trials would 



4 
available for uee by subsequent subjects. 

The data also in-
dicated that odor cues 

are utilized in extinction. Subjects 
showed a pronounced reduction in 

first extinction trial when they 

running on extinction schedules. 

running speed on their 

immediately followed rats 

Ludvigson (1969), to extend the findings on the utili

zation of the olfactory cues, replicated the 196? study and 

furthered it by setting up goal events in such a way that 

odor cues could be minimized. His data indicated that al

though the immediately preceding rewarded or nonrewarded 

trial provides a possible odor cue for the goal event, no 

discrimination develops if the subjects are ~iven odor cues 

or two preceding subjects, one receiving the opposite and 

the next receiving the same goal event. 

Investigations have been done to explore the possibil

ities that odor contamination has influenced many of the 

phenomena typically studied in the animal learning labora

tory. A study by Davis and Ludvigson (1969) explored the 

relationship of odor cues to the depression effect, a 

drastic decrement in performance shown by subjects that have 

had incentive or reward abruptly reduced. An abrupt re

duction in reward can obviously be considered a frustratin~ 

event, thus introducing the possibility of odor cues 

being produced and interfering with performance. The re

sults of this study are highly suggestive of the odor 

. effect was ~reatly attenuated 
hypothesis. The depression -

t 1 conditions relative to 
in subjects run under odor con ro 



subjects run under odor ma i 
x mizing conditions. 
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Pratt and Ludvigson (l 9?0) 
reasoned that the latent 

extinction effect, characterized b 
Ya decrement in running 

speed following nonrewarded 1 -
P acemente in a previously 

rewarded goalbox, could result f 
rom the subjects' reaction 

to their own odor excreted during the i 1 pr or p acements. The 
data confirmed this prediction b h i Y 8 ow ng that a latent 

extinction effect was shown when an animal odor resultin~ 

from goalbox placement is not removed from the goalbox. 

When odors were removed the latent extinction effect was 

also eliminated. 

A study specifically designed to support the odor 

hypothesis was carried out by Seago, Ludvigson, and Remley 

(1970). These investigators attempted a partial replica

tion of the Ludvigson and Systma (1967) and Ludvigson (1969) 

studies by using normal and anosmic rate in the double

alternation situation. The normal animals displayed a 

marked patternin~ while the anosmic animals failed to, thus 

adoing stron~ support to the apparent influence of olfactory 

cues. 

In an attempt to further describe the nature of the 

odor being exuded, Morrison and Ludvigson (l9?0) inveSt i-

ituation They found 
~ated odor effects in the T-maze 8 • 

t d Odors primarily on non
that rats apparently excre e 

On rewarded trials there appeared to be 
rewarded trials. 

d d if any at all. 
only a very weak, transitory odor pro uce, 

f nd 
by Means, Hardy, Gabriel, and 

Similar results were ou -



Uphold (1971) who also used T 
a -maze. Their data also in

dicated that the odor trails of 
reinforced rats provided a 

weak cue, but one sufficient to 
influence discrimination 

performance . Thus , it would 
appear that odors produced on 

nonreinforced trials are either 
quantitativel y stronger or 

possibly qualitatively different tha d no ors produced on 

6 

reinforced trials. Collerain and Ludvigson (1972 ) suggested 
that frustrative nonreward ( nonreward in a context in which 

reward has been previously encountered) causes rats to ex

crete an odor which is a mild unconditioned aversive stim

ulus - "a fruetrative odor" rather than merely a character

istic scent. However, a recent study by Mellgren, Fouts, 

and Martin (1973) has suggested that there may be indeed a 

distinctive odor excreted on reward trials, and further, 

that this odor appears to function as a mild attractant. 

Studies by Prytula, Bridges, Anderson, and Hayes (1972) 

and Davis (1973) have yielded results indicating that odor 

may be a factor influencing the partial reinforcement ex

tinction effect (PREE). Both studies point to the possi

bility that the magnitude of the PREE may be lessened or the 

possibility that it might be eliminated if odors are strong 

enough, 
. i ls other than rats as subjects 

Odor studies using an ma 
A study reported by Toppin~ 

have also been carried out. 

and Cole (1969) tested the 
odor hypothesis using Mongolian 

random trials sequence and 
gerbils as sub jects with a 

In this 
stringent intertrial elimination of odor cues. 



experiment the patterned r . 
unn1ng found in previous tests of 

the odor hypothesis wa 8 also found. n avis (1970) indicated 

7 

that mice were able to learn 
the double-alternation pattern 

appropriately when odor cues 
were maximized, but were unable 

to do so when odor cues were i m nimized. A d r n inally , Davis, 
Crutchfield, Shaver, and Sullivan ( 

1970) carried out a 
cross-species investigation using t ra 8 and Mongolian ger-

bils. The results of this study indicated that rats could 

learn to respond appropriately under d o or maximizing 

conditions using the odor emitted by th ano er species. 

The present study was designed to be a further exten-

sion of the odor hypothesis studies mentioned above. In 

order to maximize the retention of odors, most of the runway 

studies have made use of some sort of plexiglaes lids or 

plastic covers. In order to further investigate the 

strength and nature of the odors being emitted, it would 

seem profitable at this point to determine if similar 

results could be obtained in a more typical situation where 

only wire mesh tops cover the runway. Basically the study 

was designed to be a replication of the Ludvigson and Systma 

(1967) study with the exception of the use of wire mesh 

tops. If the odor cues emitted are sufficiently strong 

enough to again elicit the double-alternation patterning, 

t f the odor hypothesis, and 
this would be further suppor O · 

wholesale accept-
would caution other invest igators againSt 

animal learning studies lacking 
ance of data generated in 

adequate odor controls. 



CHAPTER II 

METHOD 

Subjects, Fourteen, n i 
ave, male albino rats purchased 

from the Holtzman Company Madis Wi 
' on, sconsin served as 

subjects. They were approximately 120 days old at the be-

ginning of the experiment and were housed in individual 

cages with water always available. 

Apparatus , The apparatus consisted of a single straight 

runway (1t.4J cm. wide, 12.?0 cm. high). A )8.10 cm. gray 

start box was separated from a 91.44 cm. black run section 

by a masonite guillotine door. A second guillotine door 

separated the run section from a 30.48 cm. black goal box. 

Raising the start door activated a Standard Electric Timer 

(start time). Passing through a photoelectric beam located 

15.24 cm. beyond the start door stopped the first timer and 

started the second timer (run time). Breaking a second beam 

stopped the second timer and started a third timer (goal 

time). Breaking a third beam located 5.08 cm. in front of 

id ti The plastic goal cup, the goal cup stopped the th r mer. 

l f t he goal box, was 4 om. high, 
recessed into the back wal 0 

4 cm. wide, and J.40 cm. deep. 
Wire mesh tops covered the 

entire apparatus. 

f the experiment, all subjects 
Procedure, On Day 1 o 

deprivation schedule of 12-14 gm. 
were placed on a food 



Purina Lab Chow per day. Th 
ey were maintained on this de-

privation schedule for the durati 
on of the experiment. All 

subjects were fed at the completion of the dail 
y experi-

9 

mental sessions. 

Days 19-22 constituted a pretrai 1 n ng phase. On Days 19 
and 20, each subject was handled and gentled for two 

minutes. Each subject received five minutes of free ex

ploration in the apparatus on Daye 21 and 22. During these 

exploration trials all photoelectric equipment was opera

ting, doors were raised, and no food was present. All sub

jects received pellet habituation in the home cage on all 

four days or pretraining. Pellet habituation consisted of 

each subject receiving 10, 45 mg. pellets, prior to being 

fed their daily ration, 

Before the beginning of pretraining the subjects were 

randomly assigned to one of two groups (P or NP). Also, 

each subject was assigned randomly a permanent ordinal 

position (1-7) within his respective group. All trials 

were given in this order during the experiment (i.e., 

Subject t wae always run first, and preceded Subject 2 • who 

preceded Subject J, etc.), and all subjects within a group 

received a given trial before the next was administered. 

1 1 before the other 
One group received all its daily tr 8 8 

1 run first on al
group was run, with a given group be ng 

ternate days. 
1 given at the rate of 8 

One hundred and four tria 8
' 

per 
constituted the 

day - 4 reward, 4 nonreward -



10 
acquisition phase. Thie phase was begun on Day 23, One day 

of extinction (8 trials) followed the 
acquisition phase, 

Reward consisted of 15, 45 mg, Noyes, p 
ormula A food pel-

lets. On nonreward trials during acquisition and extinction 

the subjects were confined to the empty goalbox for 20 

seconds. The schedules for daily administration of reward 

(R) and nonreward (N) trials are presented in Table 1. 

Groups P and NP differed, as can be seen from Table 1, with 

respect to the within-trial R-N sequence. Group P had a 

homogeneous within-trial sequence (odor maximizing condi

tions), while Group NP had a heterogeneous sequence (odor 

minimizing conditions). To prevent odor from one trial 

having an effect on performance on the next trial, the 

entire apparatus was swabbed with a damp sponge before the 

running of the first subject in both groups. 



CHAPTER III 

RESULTS 

Acquisition, 

Group mean start, run, d an goal speeds (meters per 
second) over the 14 days of acquisition and one day of ex-

tinction are presented in Figures t, 2, and). The four 

trials of the double-alternation cycle are plotted separ

ately, thus showing mean speeds of the first and second 

rewarded trials (R1 ,R2) and the first and second nonre

warded trials (N1,N2). 

The graphical results tend to show very little dif

ference between Groups P and NP generally in all three 

measures during acquisition. However, both groups show an 

increase in speeds in all three measures over the course of 

acquisition. In the goal section where the buildup or odor 

would be predicted to be the strongest, there is a complete 

lack of the double-alternation patterning (i.e., fast to 

reward, slow to nonreward) on the part of Group P which 

would confirm the odor hypothesis. 

11 these measures was sub
The acquisition data on a 

Factors in the analyses 
mitted to analysis of variance. 

vs Nonrewarded Trials, and 
were, Groups (P vs NP), Rewarded 

T results Of these an8lyses are presented 
rial Blocks. The 

to support the graphical 
in Tables 2-4. This data tend8 



12 picture that performance increased duri 
ng the course of ac

quisition in that a significant 
trial blocks effect was 

found in all measures (start F-2 ' ·- 32,98, df=6/t56, P<,Ols 
run, F~154.t66, df=6/156 P< 01 

• • I goal, F=-59.085, df-6/156 
p<,01). Significance (F= 2, 98 , df=6/l 6 - ' 

5 • P<,01) was also 
found in the Ax C interaction (G 

roups x Trial Blocks) in 
the start measure. Thie result supports the graphical 

impression that although both groups h 
reac ed an asymptotic 

level of performance, Group NP leveled ~r 
Oi sooner than did 

P, No other significant effects were shown by these 

analyses. 

Extinction• 

Analyses of variance performed on the data for the 

three speed measures for extinction trials are summarized in 

Tables 5-7. These analyses incorporated Groupe (P vs NP) 

and Trials as factors. No significant effects were found in 

the start and run analyses, In the goal section, however, 

the trials factor was found to be significant (F=51,578, 

df=?/84, P<,01), as was the Groups x Trials Interaction 

(F=12,4t, df=?/84, p<.01). Simple main effects analysis of 

variance was employed to further investigate the significant 

The r esults of these analyses Groups x Trials interaction. 

indicated that Group p was approaching the goal signifi

cantly slower than Group NP on 
trial 3 (F=?,77, df~t/t 2, 

P<.05) and on trial 6 (p.4.82, d!=t/12 • p<,05)• 



CHAPTER IV 

DISCUSSI ON 

The particular concern of the present 
study was to in-

vestigate further the conditions conducive 
to the use of ol-

factory cues in animal maze learning. A e noted above, the 
odor hypothesis states that t ra a excrete either qualitatively 

or quantitatively different odors on rewarded or non-

rewarded trials. These odors, if they are allowed to remain 

in the apparatus, can influence the behavior of subsequent 

subjects as demonstrated by previous studies (e.g., Lud

vigson and Systma, 19671 etc.). In the present study, the 

experimental conditions of Group P were arranged such that 

double-alternation patterning would be predicted to occur if 

the odor hypothesis were to be confirmed. Further, as in 

the Ludvigson and Systma (1967) study, this patterning would 

be predicted to occur most strongly in the goal measure 

where odor buildup should be the strongest. Since there was 

a lack of patterning in ill sections of the runway (i.e., no 

significant differences existed between Groups P and NP), 

the present data fails to confirm th8 odor hypothesis. 

The lack of significant differences between Groupe P 

and NP suggest that although they were trained under odor 
. i respectively, the 

maximizing and odor minimizing cond1t ons 
i g the same cues during the 

two groups were apparently us n 



acquisition phase. Taken b th 
Y emselvea, then, the results 

14 

of the acquisition phase would indicate that 
the use of the 

open-top runway is a highl ff 
Ye ective method for controlling 

odors. 

The extinction results tend to 1 d 
en some support to the 

odor hypothesis, however. The significant difference in the 

rate of extinction between the groups in the goal measure 

suggests that Group P was responding to odor cues, whereas 

Group NP was not. This would suggest the possibility that 

odor cues were not completely dissipated during acquisition, 

and that some conditioning to these cues had taken place for 

the odor maximizing subjects in Group NP, Obviously, this 

conditioning was not of sufficient strength to influence 

performance, but did make its effect felt during extinction, 

This interpretation is supported by the fact that the goal 

measure, where odor accumulation would be expected to be 

greatest, produced the only significant extinction phase 

results. 

The present study does not tend to negate the signifi-

cance of odor cues as determinants of responding in runway 

studies. that in the runway situation It suggests however, 

a Coverl'ng for the apparatus, there are 
using wire mesh as 

ugh to alter 
cues present which are potentially strong eno 

t study odor cues were 
behavior, As indicated by the presen ' 

ac uisition phase, but their 
apparently present during the q 

the later extinction phase. 
effects were not felt until 

problem for other studies 
Obviously these results pose a 



not using odor controls. 1 n order to further minimize the 
effects or this variable, 

methods of odor reduction will 
need to be implemented. Bl 

15 

oom and Phillipa (l 9?~) 
J appear to 

have successfully created a situation i 
n which odor cues 

were apparently eliminated, Th 
ey employed a fan to exhaust 

the runway air prior to the running o• h 
i eac subject in one 

group, For another group of subjects, the air was not ex-

hausted, Double-alternation patterning was displayed by the 

subjects run under the non-exhaust conditions, In a second 

phase the exhaust conditions were reversed for half the sub

jects in each group, The results of the second phase indi

cated that the double-alternation patterning was eliminated 

for the group switched from non-exhaust to exhaust, More 

importantly, no patterning developed during the two days (16 

trials) of the second phase for the subjects switched from 

exhaust to non-exhaust. This would indicate, rather con

vincingly, that no conditioning had occurred during the 

first phase under the exhaust conditions. 

ht • ther examination It is apparent at this point ta iur 

is needed into means of odor control in animal experiments, 

Will need to t ake this variable into conFuture studies 

need to be reconsidered where sideration and past studies 

odor might have had an effect pertinent to the results of 

the experiment. 
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Figure 1, - Mean start speeds (meters per second) during 
acquisition and extinction, 
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Figure 2. - Mean run speeds (meters per second) during 
acquisition and extinction, 



1.2 

.90 

.60 
,--. 

u w 
(/) -(/) 
0::: 
w .30 
I-
w 
~ -
(/) 

0 1.2 w 
w 
Cl.. 
(/) 

z 
<x: 
w .90 ~ 

.60 

.30 

AC QUISITION 

GROUP p 

R1 ••----• 
R2 
N1 
N2 

------• 
o--o 
o- -- - 0 

GROUP NP 

20 

tXTINCTION 

1 2-3 4-S 6-7 8•9 10-11 12•13 1 2 3 4 5 6 7 8 

DAYS(8 TRIALS PER DAY) 
TR IALS 



Figure J, - Mean goal speeds (meters per second) during 
acquisition and extinction. 
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Table 1 • - Daily Schedules 
of Reward and Nonreward and Order of Trials. 

Trial 

Group s 1 2 3 4 5 6 7 8 

S1 Rl R2 N1 N2 R1 R2 N1 N2 
S2 R1 R2 Nl N2 Rl R2 Nl N2 
S3 Rl R2 Nl N2 Rt R2 N1 N2 

p S4 Rt R2 Nl N2 Rt R2 Nl N2 

S5 Rl R2 N1 N2 Rl R2 Nl N2 

S6 Rl R2 Nl N2 Rl R2 Nl N2 

S7 Rl R2 Nl N2 R1 R2 Nl N2 

S1 R1 R2 Nl N2 R1 R2 Nt N2 

S2 R N1 N2 Rl R2 Nl N2 R 

SJ Nl N2 Rl R2 Nl N2 Rt R2 

NP S4 N Rl R2 Nl N2 R1 R2 N 

S5 R1 R2 Nl N2 Rt R2 Nl N2 

S6 R Nl N2 Rl R2 Nt N2 R 

R2 Nl N2 Rl R2 
S7 Nl N2 Rt 
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fable 2. - Summary of Mean Start S Acquisition Phase. peed Analysis of Variance 

source ss df MS p 

Between Subjects 2..J..51 1l -A (P vs NP) .oo 1 .oo .oo 

subj. w. groups (error) 9.59 12 .799 

Within Subjects 14012:zo ill 
-

B (R vs N) 
. 078 1 .078 . 876 

C (Trial Blocks) 124.41? 6 20.736 232.98** 

A x B 
.152 1 , 152 1.70 

A x C 
t.595 6 .266 2,98** 

.440 6 .073 .820 

B x C 

A x B X C 
,285 6 ,o48 ,539 

14,003 156 .089 
Error 

•• p(.01 
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Table,. - Summary of Mean Run Se d Acqu1s i t 1on Phase . P e Analysis of Variance 

source ss df MS F 

Between Subjects 5.389 ll 

-
A (P vs NP) 

1 . 220 1 1.220 3. St 

Subj. w. groups (error) 4, 169 12 ,347 

within Subjects 
J9,491 182 

- -
B (R vs N) 

.oo 1 .oo .oo 

C (Trial Blocks) 33.30 6 5,55 154,166** 

.011 1 .011 .305 

A x B 
.103 6 .017 , 472 

A X C 
.198 6 ,033 • 91. 6 

B x C 
.234 6 ,034 ,944 

Ax B X C 
5.644 156 ,036 

Error •• p(,01 



2? 

,rable 4 • -
Summarv of Mean Goals e Acquisition Phase. -p ed Analysis of Variance 

---- ss df MS F 
source 

---~ llilb jec ts 
)8 . 22? ll 

A (P vs NP) 
7.4?7 1 7.47? 2. 54, 

subj . w. groups 
(error ) 30. 750 12 2,940 

Within Subjects 
68!706 182 

-
-

B (R vs N) 
.457 1 .457 3. 570 

C (Trial Blocks) 45,377 6 7.563 59,085** 

.o44 1 ,044 .343 

A X B 
1.035 6 ,173 1. '351 

A x C 
,536 6 ,089 ,695 

B x C 
t I 164 6 ,194 1. 515 

Ax B x C 
20, 093 156 , 128 

Error 
** p<,01 
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't'Bble 5 • -
summa r y of Mean Start Speed Analysis of Varian 
Extinct i on Phase. 

ce, 

---- ss df MS F 
source 

---~ §ubj ects 
3.625 ll 

A (P vs NP) 
.015 1 .015 ,0499 

suoj . w. groups 
(error) 3.6104 12 • 301 

within Subjects 
815222 ~ 

-B (Trial s ) 
.635 7 .091 '\.,047 

.647 7 ,092 t.059 

A x B 

Bx Subj. 
w. grou~s (error) 7.2972 84 ,0869 



29 

,rsble 6 • -
Summary of Mean Run Speed · Extinction Phase. Analysis of Variance 

,----- ss df MS F 
source 

---~ §.ubjects 
8. 5764 ll 

A (P vs NP) 
1. 0337 1 1.03'37 1,6444 

subj, w. groups (error) 7. 5327 12 .6286 

Wit hi,n §_µbjects 
8.6462 ~ 

-
B (Trials) 

.0994 7 ,0142 ,1 69'3 

1.04 7 .1 486 1.??12 

A X B 

B x Subj. •• groups (error) 7. 5068 84 .0839 
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1 
7 - Summary of Mean Goal s 9 d Te.b e • Ext inct i on Phase, P e Analysis of Varian ce, 

--- ss df MS F 
source 

---~ §Jlb:\ects 
?0.295 ll 

A (P vs NP) 
12.3956 1 12.396 2,569 

subj, "• groups 
(error) S?,899 12 4,825 

wi.thi,n Subjects 
9,0177 ~ 

-
B (Trials) 

6,6796 7 ,954 51. 578** 

1,607 7 ,229 12.411 •• 

A x B 

B x Subj. 
w. groups (error) 1. 55'.3 84 .019 

** p<,01 
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