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l:j}cets of Jril'e level on habit strength 
uf a brightness Jiscrimination \\'ere 
dete/'/llilled jil/' //laie albillo rats. Habit 
strellgth \\'as assesseJ by 111 easu ring 
respunse strength of the olJ stimulus. 
cUlllpareJ I\'ith a lIe\\'er traineJ redulIJan t 
positiJ'c ('//e. Olll\' ill one type of test trial 
was a Jrire ejj('et Oll habit strength founJ. 
.l!uJaalc(\' \\'ata-Jeprh'eJ Ss (MOD). 
regarJless uf drire lerel du ring redunJant 
el/C trainillg ur testillg. preferreJ the 
reJwulall1 eue tu the positive stimulus_ 
1I(~h(\' deprireJ Ss (Hf) sllOwed 110 

pre/C'rcllcc. but responJeJ 1II0re to the 
,I/der positirc stimulus than did MOD Ss_ 
Thesl! results support the hypo thesis that 
habit strength -is Jireeth' related tu ,li-ire 
lere!. Thc spccztie ('(}nJitions u/l(/er \\'hich 
driJ'c 1(Tc! cj}ccts Oll leaming ('uuM be 
Illost easily obsen'cJ lI'ae Jiscussec/. 

Drive level has been postulated to affect 
learning by having an inverse effect on span 
of attention (Tolman. 1948; Easterbrook, 
1959). Animal studies measuring cue 
utilization tend 10 support this view. 
Bruner et al (1955) found that lower 
motivated (hunger) rats were able to uti!ize 
concomitant position curs when brightness 
cues had been removed from an alternation 
task with four choice points. Highly 
deprived Ss. however. were unable to 
perform the alternating scquence when 
brightness cues had been removed. rohen 
et al (1969) trained rats under two drive 
(thirst) conditions in a discrimination task 
with two redundant dimensions. shape and 
size. Lower water-deprived Ss were found 
to be able to utilize both cues separately. 
whereas highly deprivcd Ss only used size 
cues in the discrimination task. These 
studies failed to counterbalance drive 
conditions. and. therefore. failed to show 
that differences in cue utilization werc 
actual learning rather than performance 
phenomena. 

Eisman et al (1956) counterbalanced 
three levels of drive (hunger) for rats run in 
a brightness discrimination task. The lack 
of differences in original learning and 
reversal learning between the three drive 
levels signified for these investigators that 
drive level does not affect amoun t of habit 
strength. 

The presen t study was designed to 
Il1casurc the differences in habit strength 
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duc to drive level (thirst) in a simple 
discrimination task and to asscss the 
transfer of such differences over later 
drive-level changes. Ss were trained on a 
simple brightness discrimination task under 
conditions of high water deprivation (HI 
group) or moderate water deprivation 
(MOD group). After reaching acquisition 
criterion. a redundant stimulus was placed 
on the positive stimulus door and aseries 
uf discrimination trials was continued. To 
test for the strength of the original 
discrimination. the redundant cue was 
placed in the apparatus such that S had to 
choose between it and the positive stimulus 
that had been presented during the original 
acquisition trials. It was predicted that 
under these test conditions. HI Ss should 
respond more to the originally learned 
positive stimulus than should MOD Ss, and 
that HI S, should prefer the originally 
Icarned positive stimulus to the redundant 
stimulus. while MOD S5 should show no 
such preference. These predictions were 
based on the assumption that during 
original discrimination MOD Ss would 
attend to more cues than would HI Ss. 
Therefore, any particular stimulus should 
not have as much strength in eliciting a 
response for MOD Ss as for HI Ss during 
training or testing conditions. If these 
effects could be demonstrated over drive 
level changes from the level under the 
original discrimination training, then habit 
strength for the earlier learned task could 
be considered greater for HI than for MOD 
Ss. 

SUBJECTS 
Thirty male albino rats from the 

breeding colonies of the University of 
Windsor and Woodlyn Farms, Guelph, 
Ontario, approximately 90 days old at time 
of pretraining. were used. At the time of 
discrimination training, half the Ss were 
assigned randomly to either a high 
water-deprivation schedule (HI) or to a 
moderate water-deprivation schedule 
(MOD). Each deprivation group was 
divided randomly into three subgroups: 
HI/HI or MOD/MOD experimental, 
HI/MOD or MOD/HI experimental, and HI 
or MOD control subgroups. The HI/MOD 
or MOD/HI designates drive-level change 
from discrimination acquisition drive level 
to that for redundant cue and testing 
phases. Three MOD and two HI Ss were 
discarded due to fai!ure to meet running 
criterion. They were replaced by extra Ss 
in order to maintain equal subgroup Ns for 
statistical analysis. 

APPARATUS 
A discrimination box as used in the 

ruhen ct al (1969) study was empIoyed in 
this qudy. 

PROCEDURE 
Pretraining 

Essentially the same pretraining 
procedures as used in the Cohen et al 
(1969) study were employed. The only 
changes made were to lengthen sucrose 
solution taming and free exploration of the 
apparatus to 5 days each. In training S to 
open the stimulus dOOfS to secure 
reinforcement, 4 days of one 4-min trial 
and I ~ spaced trials on the 5th day were 
t!i\en to each S. Preference to either door 
was discouraged by locking the preferred 
door after six trials for the remaining trials. 

Discrimination Training 
Two deprivation groups of 15 Ss each 

were maintained on either a high 
deprivation schedule (HI group) of 0.5 h 
water per 24 h or were continued on the 
previous moderate schedule (MOD group) 
of 6 h ad lib drinking per 24 h. In the 
discrimination box, the gray door was the 
positive stimulus and always led to the 
sucrose solution reinforcement. The black 
door was the negative stimulus and was 
always locked. This phase will be 
designated as a G+ vs B~ discrimination 
throughout the text. 

In aU phases, S was given 12 spaced trials 
per day. A trial consisted of the number of 
runs made unti! Schose the correct dOOf. S 
was replaced in the start box when it had 
made an error. The series of random 
position sequences described by Fellows 
(I 96 7) was used only between trials and 
not between runs on any one trial. An 
error was considered to have been made 
only when S pushed on or touched the 
incorrect dOOf (B-) with its nose. Since 
each door when touched could budge 
about 0.25 in., observing mistakes was not 
difficult. A correct response consistuted 
running to the gray door (G+) or switching 
over to it after the incorrect B~ stimulus 
had been approached but not touched. S 
reached discrimination acquisition when it 
made two or less errors within 24 
consecutive trials. 

Redundant Cue Presentation 
(Gwc+ vs B-) 

After reaching acquisition criterion, S 
was assigned randomly to one of three 
subgroups. Two of these groups consisted 
of S5 that received discrimination trials 
with a redundant stimulus. These were 
considered experimental groups. The third 
group of Ss was immediately assigned to 
the test phase and was considered in a 
control group. Within each drive-level 
group. therefore, there were three 
subgroups of five Ss each. The control 
groups were maintained on their same drive 



level as during diserimination learning. 
They are designated HI control and MOD 
control groups. Of the two experimental 
subgroups within eaeh drive level, one was 
maintained on its previous drive level and 
given the redundant eue presentation trials. 
These Ss are designated HI/HI 
experimental and MOD/MOD 
experimental. The other experimental 
group was plaeed on the opposite 
deprivation schedule, i.e., HI Ss switehed 
to the moderate deprivation level and MOD 
Ss switehed to the high deprivation 
schedule. Such Ss are designated HI/MOD 
and MOD/HI experimental. The fIrst 
sy11able designates the sehedule during the 
discrimination, while the second designates 
the drive-level change. These Ss were 
returned to their horne cages for 3 days 
and were presented the redundant eue on 
the 4th day. 

The redundant cue was a white 
2-in.-diam cirele attached to the gray door 
on its midline. This redundant positive 
stimulus was placed so that its bottom edge 
was I in. from the floor of the apparatus. 
The stimulus was constructed from white 
poster board, I mm in thiekness. Twelve 
spaeed corrected trials were given with the 
simultaneous presentation of the gray door 
with the white cirele and the black door. 
The gray door stimulus eomplex was again 
positive and the black door negative. These 
series of stimuli presentations are 
designated Gwc+ B-. 

The presentation of these trials after the 
drive level change allowed S to modify its 
behavior due to drive changes. In this way, 
the study was designed to maximize for 
any preformance effects due to drive level 
change. The degree to which behavior of 
the HI/MOD and MOD/HI Ss resembled 
HI/HI and MOD/MOD experimental Ss 
indicated the effect of the original drive 
level on discrimination learning. 

Testing 
This phase was designed to test the 

strength of the original positive stimulus 
(G+) against the new redundant stimulus 
(wc+) in eliciting approach for 
reinforcement. After the redundant eue 
training trials, all experimental Ss were 
presented 72 discrimination trials (12 
spaced corrected trials per day). Every 
fourth trial was a test trial, while the rest 
of the trials were the same as in the 
previous phase, i.e., Gwc+ vs B-. During a 
test trial, both stimulus doors were 
unlocked and S could receive 
reinforeement by entering through either 
one. This procedure was also used by 
Sutherland & Holgate (1966) and 
prevented the test preference trials from 
becoming specifIc discrimination learning 
trials for Ss. 
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Three types of test-trial stimulus pairs 
were used: 

Test Pair a: Gray door with white cirvle 
vs gray door-Gwc vs G. 

Test Pair b: Black door with white circ1e 
vs black door-Bwe vs B. 

Test Pair e: Black door with white eirc1e 
vs gray door-Bwc vs G. 

Test Pairs a and c were more appropriate 
pairs in testing the strength of the formerly 
positive stimulus G against wc redundant 
stimulus for approach behavior. Test 
Pair b, on the other hand, was purely a test 
to see if the white cirele, in relation to the 
negative black door, would also affeet 
differentia11y choiees between drive-level 
groups. Test-pair schedules for the 6 testing 
days were as fo11ows for each S: abc, cab, 
bca, cab, abc, bca. Number of times S 
chose the door without the redundant cue 
was recorded. 

Control group Ss received a similar 
testing phase. They had not been presented 
with the Gwe+ vs B- presentation trials. 
During the testing phase, all nontesting 
trials were of the same type as during the 
diserimination acquisition phase, G+ vs B-. 
These Ss provided controls for novelty 
effect differences between drive levels. 
Previous studies (Chapman & Levy, 1957; 
Cohen & Stettner, 1968) have 
demonstrated that lower deprived Ss tend 
to explore novel stimuli more than highly 
deprived Ss. In the present study, 
therefore, any differences in stimulus 
preference between MOD and· HI 
experimental subgroups might be 
considered as an indication of different 
exploratory tendencies toward a novel, i.e., 
white cirele, stimulus. It was possible, 
therefore, that the redundant cue as 
presented in Gwc+ vs B- presentations was 
really never attended to in the fIrst plaee 
by Sand, therefore, may never have 
acquired positive approach charaeteristics. 
The degree of difference between control 
and experimental subgroups in the testing 
phase would rellect the extent to which 
drive level exploratory differences 
contributed to differential responding to 
test stimuli by experimental subgroups. 

If S, during any phase of the study 

refused to enter the goal area or refused to 
drink within 10 min on 2 suceessive days, 
it was discarded and its data not used. 

RESULTS 
No significant differences betwecn drive 

levels were found for mean number 01' trial 
blocks (MOD-8, HI-IO: t = 1.60, df= :!8) 
or for me an number of errors (MOD-46, 
HI-42: t = 0.94) during diserimination 
learning. 

It must be noted that not all 
experimental Ss reeeived the redundant eue 
presentation phase at the same time. HI/HI 
and MOD/MOD were presented this phase 
the day following brightness 
discrimination. while HI/MOD and 
MOD/HI Ss rested 3 days before redundant 
cue presentations. The amount of total 
errors for each drive subgroup was 2. 4, I, 
I, respectively. A Kruskal-Wallis one-way 
analysi~ of variance revealed a lack of 
significant differences betwecn these 
groups (H = 2.78). Thus, the difference in 
time of redundant cue presentation was 
considered an insignificant factor in this 
study. 

A multifactor, Drive Level by Drive 
Manipulation by Test Pair series (repeated) 
analysis of variance was carried out on 
number of responses made to the stimulus 
door without the redundant stimulus 
during the testing phase. Significant main 
effects beyond the .01 critical level were 
found for original drive level (F = 6.07, 
df= 1/24), test series (F=31.50, 
df = :!/48) and an interaction of Drive by 
Test Pair series (F = 5.34. df = :2/48). Drive 
manipulation main effects and interactions 
of drive manipulation with drive level 
and/or test series were insignificant. 

Individual comparisons (Newman-Keuls) 
for responses to the door without the 
redundant cue in each type of test pair 
presentation series between the different 
drive subgroups were carried out (see 
Table 1). 

The significance of the main effects for 
type of test pair presentations seemed due 
to more responses made by a11 subgroups 
to B door in Test Pair b than to the G 
doors in either Test Pairs a or c. All HI Ss 
showed differences beyond the .05 level of 

Table I 
Mean Number of Responses and Standard Deviations (in Parentheses) to G Stimulus Door in 

Test Pairs a and c and to B Stimulus Door in Test Pair b 
----

Test Pair 

Drive Subgroup b 

Experimental 
HI 2.4 (2.3) 0.4 (0.3) 3.6 (0.8) 
MOD 1.4 (2.8) 0.2 (0.2) 1.4 (1.3) 
HI/~IOD 1.8 (1.2) 0.2 (0.2) 2.6 (2.8) 
MOD/HI 2.6 (1.8) 0.4 CO.3) 1.6 (0.3) 

Control 
HI 2.6 CO.8) 1.0 (5.0) 3.6 (0.8) 
"IOD 2.6 12.3) 0.2 10.2) 2.2 (2.2) 
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si~nifiLanLe. The differcnces seen for MOD 
S; \\ere unI) signdicant fur \IOD cuntrul 
S5 (p < .(5) and MOD/HI S5 (only Test 
Pairs b > a. p< .05). In HI S5 unly. a trend 
was 5ee'n for more respunses tu be made to 
G dour in Test Pair L than J. Significance 
fur these differcnces was found only in 
I-II/MOD5s(p<.0Ij. 

Thc significant interaction of Drive by 
Test Pair was accounted for by the simple 
effccts of drive lIpon Test Pair c. No 
significant differences in responding to the 
plain dour in either Test Pairs a (G door) or 
h (B d""1") were fuund between varilHb 
drive le\el 'lIbglllllp,. In 'Test Pair L. 
original predictions Loncerning drive level 
dil'ferences were found. HI/HI and 
HI/MOD Ss made significantly more 
responses to the G stimulus door than 
MOD/MOD or MOD/HI Ss, respectively 
(p< .01). Sinee no significant differences 
were found between HI/HI and HI/MOD or 
between MOD/MOD and MOD/HI Ss. drive 
level during the first discrimination 
I e a rn i ng phase. rather than during 
redundant eue' presentation or the testing 
phases. determined the results during the 
latter phase. Although HI control Ss 
appeared to make more responses than 
MOD control Ss. this difference was not 
significant. Therefore. the differences 
found between the experimental subgroups 
appear more a reflection of habit strcngth 
differences rather than differences in 
exploratory tendencies. 

Aseries of chi-square tests. comparing 
the number of responses to each stimulus 
for eaeh test pair for each drive level 
subgroup. was used to assess stimulus 
preference. The number of 5s showing no 
preference. or a preference for either 
stimulus, i.e .. more than three responses. 
and the total responses to each stimulus for 
each subgroup is shown in Table 2. Due to 

small sampIe size in each subgroup (fivej. 
statistical analyses based only on total 
response frequency were c~rried out. In 
Test Pair a 01' all subgroups. only 
\lOD/MOD and HI/MOD gruups showed 
3ny significant preference. This was for thc 
Gwc stimulus door. Drive level during the 
redundant cue presen tation phase and 
testing. rather than during original 
discrimination learning, was responsible for 
these results. In Test Pair b, all subgroups 
significantly preferred the Bwc door to the 
B door. In Test c. only MOD/MOD and 
MOD!HI sho~ed any significant 
preference, in this case to the Bwc over the 
G door. HI/HI and HI/MOD Ss, contrary to 
predictions. failed to show any preference, 
let alone a preference for the G stimulus 
door. The lack of preference by MOD as 
weil as HI control 5s points to the 
possibility that MOD experimental Ss 
reaeted to the eue stimulus as a positive 
reinforeing cue rather than as a novel 
stimulus. 

CONCLUSION AND DISCUSSION 
The present study suggests that habit 

strength as weil as performance in a 
discrimination task is affected by drive 
level. Predictions that drive level during 
original discrimination learning would be 
shown in presentations of Test Pair a and 
Test Pair c were only validated in the 
laller. In Test Pair a. a drive performance 

effect was shown, while in Test Pair c a 
possible differentiation of habit strength 
during original discrimination learning was 
found. Although experimental Ss trained 
under HI deprivation conditions responded 
more to the G door in the testing situation 
than Ss trained under MOD deprivation 
conditions. HI experimental Ss did not 
show the expected preference for the G 
door to the Bwc door. MOD experimental 

Table 2 
:\umbcr 01' Responses !O Each Stimulus. i Tests, and Number of Ss Showing a 

Particular or :\0 Stimulus Preference (n.p.) 

ll.."t Pair b 

Drive Group Stimuli G GWe' X' \l 8\\'L' X
2 G Bwc i 

E 'pcrimental 
HI Responses 12 18 1.20 28 22.54* * 18 12 1.20 
Prekrence (n.p.1 1 (2) 5 (-) 2 (}) 

\100 7 n 8.53' • 29 26.13** 23 8.53** 
I .\ \ - I 5 (-) 4 (I) 

HI/\IOD 9 21 4.80' 29 26.13** 18 12 1.20 
;21 5 (-) 3 1 \1) 

\lOD/HI 13 17 0.53 28 22.54* * 8 22 6.53*' 
3 (-) (-) H 

Contral 
HI lJ 17 0.53 2S 13.33** 18 12 1.20 n.s. 

I .1 \11 4 (-) I 3 (I) 

\100 13 17 0.53 29 26.13** II 19 2.13 n.s. 
I \11 \-1 I 3 \1) 

* I' < .05 p <(}I 
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Ss preferred the Bwe door to the G door, 
however. Therefore, the original G+ vs B
habit strength was weaker for MOD Ss than 
fur HI Ss and thus more easily disrupted or 
changed by the indusion of aredundan t 
cue. 

Results for Test Pair a did not 
correspond with those for Test Pair c. It is 
possible that each type of pair represented 
a very different kind of task. The 
redundant cue could have been attended to 

either as an extra dimensional stimulus or 
as astimulus within the already learned 
brightness dimension. The latter possibility 
is suggested by the overwhelming 
preference by all subgroups for the Bwc 
rather than B stimulus dUTing Test Pair b 
presentations. Test Pair a, Gwc vs G stimuli 
may be considered a within-dimension or 
transposition task, while Test Pair c may be 
considered an extradimensional shift task. 
The present study suggests that drive level 
may show only performance effects, if any, 
through within-dimensional shifts and 
learning effects of discrimination learning 
through extradimensional shifts of stimuli. 
The main reason for lack of learning 
differences due to drive level in the Eisman 
et al study (1956) may be due to the 
exclusive use of within-dirnensional shifts 
in the stimuli, i.e., reversallearning. 
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