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INTRODUCTION

Consummatory behavior may be defined as
including those resgponses assoclated specifically
and directly with acquiring and consuming a reinforce-
ment; the definitlion excludes instrumental responses.
Temporally, the consummstory responses follow imme-
diately after the completion of the instrumental re-
sponge, Thiag definition is amblguous only to the ex-
tent that the definition of the instrumental response
1g ambiguous. Ag defined, chewlng, swallowing, tongue
lapping, and pecking or reaching for a reinforcement
are sampleg of a largely ungpeclfied population of con-
summa tory responses. The validity of the data genersted
as a result of sgtudying consummatory behavior is en-
tirely contingent upon the particular consummatory
regponse (8) chogen as the representative sample of
thie population. Consummatory behavior as defined 1g
to be distingulshed from "the consummatory response'
(messured by amount of reinforcement consumed) which
Sherfield et al. (1954) used as a dependent measurs.

As early as 1941 Wolfe and Kaplon showed that



"consummative activity" could affect the rate of
learning in young chickens. Three groups of chicks
were reinforced as follows: group (1) one whole kernel
{(large), group (2) four quarter Xernels (large), and
group (3) one quarter kernel (small) of popcorn. Groups
(1) and (3) pecked only onge for the reinforcement,
while group (2) pecked four times. Thus this design
nicely permitted independent control ¢f the variables
of amount of reinforcement and consummatory behavior,
In three different learning situations group (2) showed
most rapild learning. In the straight runway and in the
T maze, group (1) achieved the next best scores; while
in the detour study the chlcks in group (3) achieved
the next beat scores. |

Hull et al. (1951) in a study of consummatory
behavior found "a stable position choice in a maze showed
that sham feeding had much greater reinforcing power than
did no feeding." Thigs study also showed by a stable
position choice that (a) real feeding had greater re
inforeing power than sham feeding, and (b) esophageal
feeding had greater reinforcing power than did no feeding.
It was also determined that the sham feedling response
could be extingulshed 1in elght days.
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Kohn (1951) found that rats emitted bar press
responges at a higher rate in an instrumental testing
situation when they wers pre~-fed through a stomach
Tfistula than when they were permitted to pre-feed
normally. Berkun et al. (1952), using the same general
gxperimental situation but without instrumental con-
ditioning, found that fistula pre-fed rats consumed
more food in the test situation than did rats that were
permitted to pre-~feed normally, Miller and Kessen
(1952) found in a cholce situation that reward effects
are stronger for food via mouth than for food via
gtomach filstula. ©Shefrleld gt gl. (1951) and Kagan
(1955) found consummatory sexual responses rewarding
to rats.

More recently Kling (1956) has reported a study
in which the amount of reinforcement wag controlied by
two different and independent methods--time that the
magazine wag avallable and orifice size. As Kling in-
dicated, 1t is difficult to interpret the regultas
syastematically, but they do indicate that running time
in a straight maze 1g correlated with the rate of in-
gestion of a fluld reinforcement. Kling recorded the
time that a subject spent drinking and the total fluid
ingested per trial., By dividing time into total fluid,
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he derived a ratic which he called ingestion rate.

In view of the Stellar and Hill (1952) data, one would
expect that subjeots aseigned identieal orifice gizes
would have the same ingestion rate. Kling's data do not
show thls. As a matter of fact, the differences between
group s assigned the same orlfiocs size azre slgnifiecant,
8inge Kling 4id not present a factorial analysis of
these data, it cannot be determined whether these
differences arlse from a2 slignificant interaction.

The present experiment wag deslgned to test a
ganple of consummatory responagss regardless of their
nature {prepo%tent or learnsd) as a parametsr of reinforce-
ment. Two well 2stzbliched parameters of reinforcement
are the number of reinforcemsnts shown by Willlams (1938)
to affect resistance toc extinction, and the smount of
reinforcement found by Crespl (1942) and Zeaman (1949)
to affect the final level of performance as well as
registance te extinetion. A 2 x 2 faotorial desgign
permits consummatory behavior and one of thesas para-
meters to be varied systematically and independently
while the other paremeter ic hald constant. The con-
gsummatory variable employed in this experiment ig the

tongue lapping regponse as meagured by the number of
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laps., The other variable of classification, amount of
reinforcement, 1z defined in milligrams of water
reéeward per bar press regponse. The number of rein-

forcements was held constant.

APPARATUS AND METHOD

The sublects in this expariment were 32 mature
male albino rats; a 22 hour water deprivation schedule
produced thirst drive., PFour groups of elght sublects
aach were given an equal amount of magazine training
and then were reinforced for 100 bar press raagponses.
The bar wag not present during training. The subjects
were trained and tested in gquade orf four, one from
each of the experimental groupsz, Bince four gkinner
boxers were used in this experiment, the experimental
groupe were rotated from box to box so that two
gubjects from each experimental group were trained,
relnforced for the bar press regponge, and extinguisghed
in sach box. This counterbelancing procedure wasg
cerried ocut to equate possible differences in lever
characterigtiocs.

An adeptation of the Siellar and Hill (1952)

"drinkometer' permitted more preolse exrperimental control
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over the tongue lapping response than has heretofore

been poseible., Presgsing the lever caused the drinking
apparatus to move intc position directly in front of

a emall hole in the Skinner hox. The modifled "Arink-
cneter! counted the number of times a rat lapped. Then
when the subleet had lspped a preselected number of
times, the "drinkomeiter" sent a signal which repogitioned
the drinking apparatus well out of reach of ths rat's
tongue,

In Stellar's study the amount of fluld hig
retg recelvad per lap was dependent upon the gize of
the orifice of the glags drinking tube, and the distance
from the tip of the tube %o s small opening in the front
of the cage through which the rat lapped.

Glase drinking tubes could not be uged to
adminiater reinforcement in the pregent experiment
negause the range in the milligrams of water per lap
required by the factorlal design demanded the uee of
a tube with n very small orifice, When a rat laps
from a very emall glass drinking tube, an alr dubble
frequently forme at the tip of the tubs., It sppears
that the rat ob%alne no water when the bubble 1ia
present. If thies i3 so, then it is probable that the
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subjeot 18 on a variable asmouni schedule of reinforce-
ment for the bar press response and a rendom ratio
gchedule for the tongue lapping regponse.

The controlled adminigtration of very small
amounts of fluld reinforcement is made posseible in the
present experiment by a nsw technique, I* is accomplished
by directing a continuous, contrelled flow of fluid
from a emall orifice {(hypodermic needles, in thia oase)
on to & grooved bar that is within reach of the rat's
tongue, as showm in Figure 1,

The bars used in this experiment are gloped
downward at about a 45 degres angle, and bent back on
themeelves at a 90 dsgree angle. The trickle of water
is continuous around this bend and down the length of
the bar. The 90 degree bend in the bar iec sloge to
the small hole in the Skinner box and iz the polint at
which the rat's tongue makes contact with the water,
The rate of flow on “he bar leg changed by varyling
orifice size, The mean amount ¢f water that a rat
receives per lap is proportional to the rate of flow
of water on the bar. Figure 2 ghows a sectional view
of the bar. This technique makesg posgible the control

necesgary for this experiment and probably permits
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FIGURE 1

CORTINUGCUS FLOW METHOD FOR
ADMINISTERING FLUID REINFORCEMENT

P e

The tongue lappling bar is shown in position
for administering reinforcement.
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FIGURE 2

SECTIONAL VIEW OF YV GROOVE
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8 more precige control of fluld reinforcement than
any method heretofors described in the literature.
The callbration procedures assoclated with thz con-
tinuous fliow method of administering fluld reinforce-
ment are more fully describaed in Appendix II.

For the purpose of explanation, round numbers
wiil be usged in the degeription of the factoriagl de~
glgn (Teble 1). Actually, there is some deviation
from the ldeal, as is shown in Table 2. In looking
across row one of the Table 1t may be seen that two
groups of rats receive 20 mg. of water for each bar
presgs regponge, but that one group laps twiee a8 many
times as the other. This is also true of the two
groupe that received 40 mg. of water per reinforcement.
Moving down the first column, the two groups concerned
are each permitted five laps, but one group recelves
twloce the amount of water per bar pregs regponse ag
the other., The same holdg true for the groups that
are permitted ten laps.

Under ususl conditiong the total amount of
water taken varies with the number of lape. Howsver,

by varying the amount per lap for the various groups,
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Amount of Reinforcement per BPR

TABIE 1

IDEALIZED FACTORIAL DESIGN
OF THIS EXPERIMENT

Consummatory Behavior

5 laps 10 laps
20 mg.
of
vater b mg./lap 2 mg./lap
40 mg.
of
vater 8 mg./lap I mg./lap




TABLE 2

FACTORIAL DESIGR AQTUALLY
ACHIEVED IN THE EXPERIMENT

Consummatory Behavior

Amount of Reinforgement per BPR

D = 40.5 mg.

per BPFR
6 laps 11 laps
22,4 nmg,
of
water .
3.68 ng./lap 2.0 mg./lap

B = 22 ng. |

c= 3. b mg. ¢
41.9 mg.
of
vater 7.24 mg./lap 3,68 mg./lap




1t 18 possible to achlieve the conditions shown in
Tables 1 and 2. The circled numbers inside each
of the c¢ells ghow this amt./lap value. For example,
the group of rats assligned to cell A were permitted
five lape of & mg, of water per lap, giving a total
water intake of 20 mg.; the subjects assigned to
cell B were permitted ten laps of 2 mg. of water per
lap, also giving a total intake of 20 mg. of water,
etec. The technique of doubling the small values of
two variables of clasgification was carried out to
achieve maximum separation between test values along
the particular parameter without exceeling the some-
what limited range of the amount per lap variable.
The maximum mean anount of water a large rat can
gonsume wlth one tongue lap ¢ shown to be 7.2 mg.
by the callbration studlieg described in Appendix II.
Although thie desgign permits the two varisbles
of classification (milligrem reward and number of laps)
to be varied systematically and independently, 1t does
80 at the expense of imposing a third variable--amount
per lap. In other words, two usually dependent or co-
verying variableg have, for the purpose of this ex-

periment, been set independent of each other, but only
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at the expenge of imposing a third varliable which 1sg
not independent of either of the other two; that 1s,
the row and the column varlables of thig experiment
are independent of each other, but the third variable
is some function of both of thenm,

The dependent measure during acquisition is
defined ag the time that a subject took to press the
bar 100 times. For the purpose of simplifying computa-
tion, aoquigition scores are derived by counting time
in eighths of minutes. Thus & lower score indicates a
higher rate of performance. The dependent measure used
during extinction is the number of bar press regponses
emitted by the sublect to a coriterion of ten minutes

of no responding.
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RESULTS

Appendix I, Tableg I and II, 1list raw soores
for both acqulisition and extinction performance ae
well as the counterbalancing procedure used in this
experiment. The group means for the acquisition

data are shown in Table 3.

TABLE 3
MEAN ACQUISITION TIME IN EIGHTHE
OF MINUTES FOR 100 REINFORCED

RESPONCES
Group Condition Mean aocquisition time
(cell)
amount no. of laps
A 22.8 mg. 6 bl b
B 20.0 mg. 11 64.9
¢ L2.4 mg. 6 86.0
D 40.5 mg. 11 5L, 8

Mean acquisition score is plotted against
amount of reward with the consummatory regponse as

the parameter in Flgure 3.
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NEAN AQQUISITION SCORES PLOTTED AGAINST
AMOURT OF REINFORCEMERT ACROS8S TWO LEVELS
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Table 4 shows the results of analyais of the ac-
quisition data. Bartlett's test for homogenelty
of variance was not gignificant at the .05 level

yielding an Xz of 7.54 corrected teo 7.16.
TABLE &4
ANALYSIS OF VARIANCE TABLE
FOR ACQUISITICN SCORES

Source 88 ar M3 F
R (amt.) 2245 1 22145 3. 04
¢ (con.) 247 1 247 1
I 6122 1 6122 8. 30
L4 20640 28 737
T 29254

F(1-28) .01 = 7.64 Fl128) .05 = 420

At the level of senaslitivity of this experi-
ment neither the row nor cgolumn meang are glgnificantly
different, although the row differsnces do approach
the .05 confidence level. The interaction of the two
variables of classlfication is significant at the .01l



level of confidence. Thig interaction effect ise
clearly shown in Figure 3. The group means for

the extinction data are shown in Table 5.

TABLE §
MEAN NUMBER OF EXTINCTION RESPONSES TO
A CRITEEION OF 10 MINUTES OF NO RESPONDING

Group Condition Mean number of
(cell) extinction responses
amount no. of laps
A 22.8 mg. 6 32.9
B 20.0 mg. 11 27.8
C 42.4 mg. 6 L1.5
D L0.5 mg. 11 50.1

The mean number ¢f extinction responses is
plotted agalinst amount of reward with the consummatory
responge as the parameter in Figure 4. Bartlett's
test for homogeneity of variance proved for the raw
extinction data to be significant beyond the .01 level
of confldence (corrected X2 w 13.78). A log trans-
formation wag carrled cut and the corrected Xg on the
transformed data = 7.96. Thig value is significant
at the .C5 level (12(3} .05 = 7.815). Although one of

the assumptions of the analysgis of variance was not met,
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FIGURE &

MEAN NUMBER OF EXTINCTION RESPONSES PLOTTED
AGAINST AMOUNT OF REINFORCEMENT ACROS8 TWO
LEVELS OF THE CONSUMMATORY PARAMETER
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the analyels was »un and the results are shown in

Table 6.

TABLE 6
ANALYSIS OF VARTANCE TABLE ON
TRANSFORMED (LOG) EXTINCTION DATA

Source 88 ar M8 F F

1-28  “1-29
R {(amt.) .0680 1 L0680 1.333 1.330
C (con,) .0I47 1 .0147 . 288 . 287
I .0559 1l .0559 1.096
W 1.4273 28 .0510
T 1.5659
F(1-28) .05 = 420 Pl 29) .05 = 418

When the within and interaction 88 are added
and then divided by the sum of thelr agsoclated 4f,
the new error term becomeg .0511, which is larger than
the within M3. Obviously neither of the varlables of
classification nor their interaction contributes
systematically to sublect performanse under conditions
of extineotion. This is especially true since these
data are known to be heterogeneous with respect to

variance,



A heterogeneousg varignce tende tc pnroduce
a gspuriously significant difference so that the F
ratiosg lieted in Table 6 are in all probability even
smaller than shown. For this reason no further
analyeis of the extinction data will be carried out
and the conclusions remain as gtated above,

In asssesing the meaning of the gignificant
interaction of the two variables of clagelfication,
one is forced to re-examine the basic factorial design.
An obvious question pregents itself. Isg the variable
(amount per lap) imposed by the deslgn responsible
for thls effect? It should be recognized that the
components or lngredients of this variable are not
different from the varlables of classification. It
is the unique relation of the two variables of classi-
fication one to the other which speeifies this third
parameter, It 1s a parameter that 1s defined as the
ratio of amount of reinforcement to consummatory
activity. On reducling this frgotion or ratio the de.
finition becomes amount of reinforcement per unit con-
summatory behavior. The operstiongl definition of the

variable in this experiment is, of course, milligrams



- 22 -

of water per tongue lap. There are three values of

thlg parameter that were fixed by the factorlal de-

slgn. Bince nelther variable of classlificetion could

be ghown to affect regponse rate significantly, it

is permissibie to organize the eell data so that the
effect of this parameter may be determined statistically.

The cells were regrouped as shown in Table 7,

TABLE 7
REGROUPED ACQUISITION SCCRES

Faoctorial Reordered Mg. H_0/lap Mean n
cell deslgnation 2

B 8 (emall) 2.00 64,9 8
A, D M (medium) 3.68 L. 6 16
¢ L (large) 7.4 86.0 8

A simple single variable of classification
analysis of variance wasg carried out and the results

are ghown in Table 8.
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TABLE 8

ANALYSIS OF VARIAN(CE,
REGROUPED ACQUISITICN BCORES

Source 88 ar M8 r
B 8001 2 4001 5.45
W 21253 29 732.8
T 29245

F 42
(2,29) .01 = 5.42

The between groups variance of the 8, M, L
groups is significant beyond the .01 level of cone-
fidence. Thege means are plotted graphically in
Figure 5. In addition t tests were carried out to
further assess this variable. Table 9 shows the

results of the testa.
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FIGURE 5

MEAN ACQUISITION TIME PLOTTED AGAINST

MILLIGRAMS WATER REINFORCEMENT

PER TONGUE LAP

OF MINUTES

\@
SNy 72
\V%§k ///4%%%/
P \,\
N 8 /
b —
i i
|
1 2 3 e 5 6 7]
S M L
MGs H,0 REWARD PER LAP



- 25 -

TABLE 9
t TEST RESULTS

t between groups
8, M = 1.71 (4f m 22)
S, L = 1,23 {(af = 1&)
M, L = 3.53 (ar = 22)

t
(22) .01 = 2.92

Y(22) .05 = 2.07

®(22) .10F 1.72

S

tm}) 05 = 2.15

Table 9 shows that the diffsrence between the
mean acquisition timee for the medium and large anount
groups was significant beyond the .01 level and that
the difference between the medium and small amount
groups approaches significance. Of interest here 1is
the fact that the performance of the sublects in group
8 1s8 not shown to be significantly different from the
performance of gubjects in either group M or group L.
The probabllity that the differsnce between the means
of 8 and L groups ls due to chance alone 1g .26 (by
linear interpolation). The probability that the difference
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between the meang of the 3 and M groups 1g due to

chance alone is , 10.

DISCUSSION AND CONCLUSIONS

This experiment did not indicate that either
variable of clagsification has glgnificant effects
cn performance., The fact that the Crespl-Zeaman
results were not Aduplicated only reflects on the level
of gengitivity of the study. That is to say, since
the amount varisgble was approaching gignificance in
thig study, it 1s probable that a larger N would have
resulted in significant row (amount) effects. The
group N is one half the size of Zeaman's. It should be
emphasized that the effeet ¢f the amount of reinforce-
ment wag only approaching signifieance while 1ita
interaction with consummatory effects was highiy
gignificant. In addition to this, Zeaman had neither
experimental nor statistical control ovar the con-
sumnatory behavlior of his subjeats. His gubjects were
permitted to select their own level of consummatory
activity. It is only falr to state here that the
author was indeed fortunate that the amount effects

were not significant. Had they been, the cell data
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could not have been reorganized and analyzed by the
simple gnalysias el variance technidue.

The discrepancies between the data eof this
gstudy and the Wolfe and Kaplon (1541} study may not
bg expialned go eagily. This study showed ne indica-
tion that consummative activity per se could afrect
legrring. VWolfe and Kaplon did control for both
concunmative and amount effects and were able to show
that coneummative gctivity does affect learning in
three different learning situatione. Morecver, Wolfe
and Kaplon quasdrupled the value of the consummatory
variable between tesgt polnts. In this study 1t was
increased by a factor of two. However, the Wolfe and
Kaplon design was not factorial and 1t was, therefore,
impoggible for them to detevmine any interaction
effect. If theilr design 1lg examined carefully, it
can be determined that they have an "amount per unit
congummatory activity" ratio confounding the experi-
mental deglign and affecting thelr regulte Just as this
study does. Whlle this experiment has three points
fixed zlong this parameter, the Wolfe and Kaplon sgtudy
hae two. Thelr results can be explained by inveking
both the Creapi-Zeaman effect and the effect shown

in Figure 5. It is, therefore, hypothesized that the



two points of this parameter selected by Wolfe and
Kaplon will lie one on each side of the break of the
curve shown in Flgure 5.

As previously stated, the parameter tested
by the gingle variable of claseification analyeis of
varianece is the ratio of the two variables of classi-
fiecatlon in the original design. The ¢t tests help in
defining the shape of the function describing the
effect, 1. e., the shape of the function cannot be
attributed to chance alone. That thls ratioc may be
tregted as a unique effect has precedence in the
phyeical sciences. Prescure 1ls an analogous and useful
construct. It is always defined as the ratio of force
and unit grea. Efficliency of reinforcement is, there-
fore, defined ag the ratio of amount of reinforcement
and unit consummatory behavior. It can further bhe
gstated that within the experimental sltuation defined
by this study efficlency of reinforcement ig of greater
glgnificance as a parameter of reinforcement than either
consummgtive activity or amount of reinforcement.

Table 10 shows the results of the gtudies
carried on at Yele wlith the experimental conditions of
thoge experimente assigned some relative value of

effleiency. If x == gome amount of consummatory activity
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L
and y = gome amount of reinforcement, then X would be an

X
infinitely small value of efficlency; o would be an in-

pA
finitely large value of efficiency; and x would be gome

intermediate value of effigciency lying between the ex-

tremes. .
TABLE 10
SUMMATION OF RESULTS OF THE STUDIESB
CONDUCTED AT YALE
Efficiency value
small intermediate large 2810
0
author % % % 5
Hull
et gl.(a) sham no
feeding feeding
(b} sham mouth
Teeding feeding
(c) esophogeal no
feeding feeding
Kohn mouth fistula
feeding feeding
Burkun
et al. mou th fistula
feeding feeding
Miller and
Kessen mouth fistula
feeding feeding
y = some gmount of reinforcement

x == some amount of consummatory behavior
= greater reinforeing power
= lesgs reinforcing power
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These data are tabulated to show how they
gupport the contention that some intermedlate value
of efficlency of rainforcement is more rewarding than
either an sxtremely high value or an extremely low
value, This condition is clsarly shown in Figure 5,
but only partially supported by the results of the t
teste recorded in Table 9,

However, since the distribution of responsesg
desgcribing the 8 group performance was not sghown to
be different from elther of the distributions deseribing
the M or the L group performance, 1t can be inferred
that the distribution is in faet different from both.
If, for example, the 8 and M digtributions were not
different, the ¥ between the B and L groups would have
to be significant at the .01 level. Since this is not
the cas2, 1t must be inferred that the response dig-
tributions for the 8 and M groups are not the same,

If they are not the same, then 1t can be gtated that
there ig an optimum efficlency of reinforeement. The
Yale studies also show this quite clearly.

It is certain that the equation describing the
efflciency functilon is not parabolic, since the derived
values diverge from the empirical data. The dotted
line on the curve in Flgure 5 is an extrapolation of

the empiricel data. When more data are collected in
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this area, it is hypothesized that the efficiency function
wlll follow a J ourve, since this was the general
directlion taken by the deviation from the parabolic
funeticn, i, e., the right hand tail is flatter than

the parabolic function would predict.

It 1c tentatively suggested that the efficlency
of reinforcement parameter may have implications for
behavior models which employ the construct of re-
inforcement.

In summarizing the results of this experiment,
the following statements can be made:!

(1) The Ainteraction of amount of reinforce-
ment and consummatory behavior is a more gignificant
fgetor in controlling learming behavlior than is either
parsmeter.

(2) Thies interaction is the operational
definition of efficlency of reinforcement.

{3) There is an optimum efficiency of re-

inforcement.
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TABLE

I

RAW SCORES BY SUBJECT AND GROUP
Condition Bubject Acqulgsltion

L-6

L-11

8-6

8-11

Number

data in 8ths
of minutes

5 8

n EIniniw

A
FooNNIHE&

5

Number of ex-
tinction re-
gponges to a
criterion of
10 minutes of
no responge

2
%
b6
33
22

31
25



TABLE I1I

SUBJECT BY AFPARATUS
BY GROUP COUNTERBALANCING

Skinner Box Group
numbear
o{1-6) P(1~11) A(B-6)
1 1,5 9,13 17,21
2 26,30 2,6 10,24
3 19,23 27,31 3,7
4 12,26 20,24 28,32

B(8-11)
25,29
18,22
11,18
4,8
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THE CONTINUGUS FLOW METHOD OF FLUID
REINFORCEMENT

The two baslo requirements of this method
are that the volume of the flow not change and that
the flow be continuous, 4. e., that the fluid not
"flow" in drops. It is an inherent characteristiec
of water to confine itgelf to the molstened area
of any material 1t contacts. Thls 1s due, no doubt,
to cohesive molecular forces. When the flow of water
from a small hypodermic needle is directed on to a V
groove in a brass rod, the flow of water is continuous
along the length of the groove if (1) the groove
has been moistened and (2) the metal of the needle ig
in contact with the metal of the grooved bar. This
was obgerved to be the case whether the bar is tipped
slightly or held vertical when the flow was as small
ag 3 gmg. in five minutes.

Achieving a constant volume of flow is not
quite so eimple. An overflow standpipe 1s required
to maintain a congtant pregeure at the orifice of
the needle, unlessg a large storage tank is avallable.
A constant pressure will yleld a constant volume of

flow through a given orifice. Table I shows the flow
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data collected during the calibration of the four
drinking apparatuges used in the experiment described
in the body of this paper.
TABLE I
FLOW DATA BY SKINNER BOX AND NEEDLE
S8kinner Box

Needle Trial 1 2 3 L

1 77.45 77.40 77.60 77.20
2 77.45 76.95 77.60 77.15

1 3 77.40 77.10 77.70 77.45
4 77.35 77.00 77.55 77.30
5 77.35 77.0% 77.85 7?77.60
1 9.45
2 9.50

2 3 9. 45
L 9.50
5 9.50
1 3.08
2 3.00

3 3 3.85
L 3.00
5 3.10

The values listed are in grams of flow in

five minutes.



The procedure followed in gathering thege data
is stralghtforward. A collecting dish of known dry
weight was placed under the drinking apparatus and
left there for precigely five minutes. It was then
removed and weighed. The difference between this weight
and the dry weight equalled the total flow for five
minutes. A group of elght rate gelscted at random
from the group set aside for the experiment was
permitted one at a time to drink freely from the
drinking apparatua. Residue water was collected and
weighed and the number of times the rat lappred was
recorded. The residue welght subtracted from total
flow welght equalled the total water consumed. This
value divided by the number of laps determined the
average or mean amount of water consumed per lap.

Table IXI shows the mean amount per lap value

(based on an n of 8) by 8kinner box and by needle.
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TABLE I
MEAN AMOUNT PER LAP BY BOX AND BY NEEDLE

Skinner box
Needle 1 2 3 L)
1 7.08  7.07 7.19 7.61
2 3.68
3 2.00

Only needle No. 1 wae callbrated for all
boxees under the agsumptlon that the other needles
could only show simllar satisfactory results. A
single variable of classification analysis of variance
wag carried out on the needle No, 1 dats for the four

Skinner boxes., The results are shown in Table IIIX.

TABLE III
ANALYSIS OF VARIANCE TABLE FCR NEEDLE 1 LAP
DATA WITH 3KINNER BOXES AS THE VARIABLE OF

CLASSIFICATICN
Bource 88 ar me F
Between  1.hb 3 48 .02
Within 483,06 28 17. 25
Total Lak, 50

F(5,28) .20 = 1.65

F(3,228) .05 = 2.93



A single variable of classification analysis
was aleo carried out on the amount per lap data with
needles (orifice size) as the variable of classifioca-
tion. Table IV shows the results of this anslysis.

TABLE IV
ANALYSIS OF VARIANCE TABLE FOR THE AMOUNT
PER LAP DATA WITH NEEDLES AS THE VARIABLE
OF CLASSIFICATION

Source 88 dt mse F
Batween 107.95 2 53.98 79.38
Within 14, 38 21 .68

Total 122.33

F(a,zl) 001 = 9.77

There are sgaveral factors relativs tc this
method that should be pointed out. Hypbdermic needles
of the game glze do not neceasarily have the asame
orifice size. City water is quite "dirty"* and easily
clogs small needles. If aluminium ig used in a
filtering system, it will resct with the chlorine
in the water and really clog the needles., Adequate

filtering can be achieved by using a glass encased
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gand filter in conjunction with a settling tank,

IT the author useé thie method again, he will not
vary orifice gize to control the flow of water over
the bar. A standard size orifice (22 would be a
good one) will be used in all boxes. Instead of a
single overflow standpipe that maintains equal
pressure to all orifices, each orifice wlll have

1ts own adjustable overflow standpipe. Presgsure
will then be the means of controlling the volume of
flow., Although i1t has not been previously indicated,

many needles wers tried, modified, and discarded be-

fore the data reported in this Appendix were collected,.





