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CHAPTER I
INTRODUCTION

A positive, monotonic relationship between response strength
and the number of consistently rewarded trials (Ng) in a straight
runway has been reported by a number of studies, e.g., Crespi
(1942), Zeaman (1949). The runway literature, including the two
studies just mentioned, has been consistént in indicating the
same relationship between response. strength and the amount of re—_u
ward received on each trial. ‘Thus, other variables held constant,
the greater the Ng (up to asymptotic beffonmance) and the greater
the amount of reward, the greater the tendency to make the instru-
mental running response during acquisition.

UPqn changing acquisition conditions to those of experimental
extinction, i.e., withdrawing reward, probably the simplest expec-
tation would be for the strength of the now unrewarded response to
weaken over extinction trials. The greater the response strength
at the end of acquisition, the greater the number of unrewarded
trials required to extinguish the running response. This view
of extinction would provide for positive relationships between
resistance to extinction and the Ng or amount of reward variables.

That such an explanation is an'oversimplification was made
clear by such extra-extinction phenomena as spontaneous recovery
and rapid relearning. Earlier embellishments of this simple view,
e.g., Hull (1943), still provided for the positive, monotonic
relationships mentioned above. Recently, however, results ob-

tained under extinction conditions have indicated that the



hypothesis of a pbsitive relationshp between resistance to extinc-
tion and Ng or magnitude of reward may have to be modified. Sug-
- gestions as to the nature of any required modification should
arise from an examination of some of the pertinent findings.

North and Stimmel (1961) suggested that their results in
conjunction with those of Lawrence and Miller (1947) indicated
that the bositive relationship between Ng and resistance to
extinction (trials to criterion measure) holds only through the
lower levels of the Ng dimension. Lawrence and Miller found a
16 trial group to be more resistant to extinction than an 8 trial
group, while North and Stimmel found a 45 trial group to be more
resistant than either a 90 or a 135 trial group. Subsequent
research has shown a 60 trial group mofe resistant than a 16 trial
group (Wagner, 1961, extinction-spe'ed/terminal acquisition speed
proportion measure) and a 100 trial group no more resistant than
a 170 trial group (Theios, 1962, trials to‘criterion measure).

The cohjectured relationship between Ng and resistance to extinc-
tion has not been demonstrated by the results of a single study
involVing the rat running down the straight runway for food.
Separately, what has been shown is a positive relationship
(Lawrence and Miller), a negative relationship (North and Stimmel),
and no relationship (Theios). The picture becomes more confused
when the data of Ison (1962) are added. Ison reported an inverse
relationship between Ng and resistance to extinction (trials to
criterion measure) for groups receiving either 10, 20, 60, 80, or

100 rewarded trials prior to extinction onset.



Among the many methodological differences among these studies,
a variable of general theoretical interest, amount of reward, has
been noted (e.g., Lawrence § Miller, 1947) as an uncontrolled,
interstudy variable which might have contributed to such a comQ
plex pattern of results. wégner's finding that 60 trials lead
to greater resistance to extinction than 16 trials for a .08 gm.
group but not for a 1.0 gm. group supports this idea. As with
Ng, amount of reward has generally been assumed to relate posi-
tively and monotonically with measures of resistance to extinction.
Two early studies which used speed measures and involved two
(Lawrence and Miller) and four (Zeaman) levels of food reward
reported results in support of a positive relationship.

More recent studies involviné two levels of food reward
(Armus, 1959,Aspeed measure; Hulse, 1958, speed'measure; and
Wagner, 1961, speed proportion measure) have reported én inverse
relationship between amount of reward and resistance to extinc-
tion. In an attempt to reconcile his results with Zeaman's,

Armus suggested that the nature of the relationship between amount
of reward and resistance to extinction might be dependent on the
nunber of acquisition trials such that for.a small number of
acquisition tfials (Zeaman gave 18) the relationship is positive
but for larger numbers (Armus gave 75) the relationship is nega-
tive.

In summary, runway studies bearing on'the relationship of Ng
and amount of food reward to resistance to extinction have pro-

duced results indicating that the assumption of a monotonically



positive relationship for both variables may have to_be modified
to an assumption of nonmonotonicity for both variables. Further,
investigators of both the amount of reward and Ng factors have
suggested that the relationship for one factor is dependent on
the level of the other factor, i.e., an interaction effect between
amount of reward andJNg on resistance to extinction. A runway
study with a design which incorporated several well-spaced levels
of both Ng and amount of reward factors would appear to be well-
suited to prbvide for the_appearance of nonﬁonotonicity along
either factor as well as to provide information on the nature of

any interaction between factors. The primary purpose of this

research was to implement such a design.



CHAPTER II
METHOD

Design
The experimental design was a simple factorial whereAeach of
two factors was represented by three levels; number of acquisition
trials (30, 60, or 120 trials) and per cent sucrose solution (8,
16, or 32 per cent). This design results in nine independent
treatment combinations (n = 15; N = 135). Each 8 received 22
experimental extinction trials on the day following completion of
acquisition.
Subjects
| The Ss were 151 male, pigmented rats obtained from the depart-
mental colony at the University of Michigan. Their ages ranged
from.l20 to 150 days at the beginning of the experiment. Sixteen
Ss were discarded, five for refusal to éat (day 1), two for re-
fusal to run (day 2), one accidental death (during extinction),
and eight, one entire squad, because of experimenter error.-
AEBaratué
A. The pretraining apparatus consisted of a small end-box, gray,
except for a black panel at fhe goal end. The stem of thé.box,
1 1/2 in. wide by 4 1/2 in. high by 7 1/4 in. long, flared into a
chamber, 4 3/4 in. wide by 5 1/2 in. long. The stem and chamber
were covered by hinged hardward cloth and placement was possible
from the end or the top of the box. Affixed to the far end of the
chamber was a 1/4 tsp. measure, bent at a right angle with the

spoon portion extending out from the wall to form a food cup.



B. The experimental apparatus was a straight, enclosed runway,
painted flat black throughout. The inside dimensions were 4 in.
wide by 6 in. high by 52 1/2 in. long. The apparatus was tricho-
tomized by two unpainted, aluminum doors into a start box (SB),
alley, and goal box (GB) with respective lengths of 11 in., 20
in., and 21 1/2 in. Each section was covered by a separate,
hinged hardward cloth top. The guillotine doors were manually
operated and were mounted on brown masonite panels extending 22
in. above and 16 in. to either side of the center of the alley.

A third masonite panel was located 4 1/2 in. beyond the end of
the runway. Illumination was provided by three, 40-watt flores-
cent tubes located 5 1/2 ft. above and parallel to the runway.
The food cup was a 1/2 tsp. measure, clipped into the recess of a
holder formed from unpainted aluminum.

Experimental Measures

The runway was transected at four points by infra-red masked
photo-electric beams (PE) which controlled four, .0l Standard
Electric timers. Starting time was measured from SB door up to
PE1l located 5 in. down the runway. An initial running time
measure was recorded from PE1 to PE2, located 10 in. further down
the runway. A second running time was recorded over a second, 10
in. segment (PE2-PE3) which was bisected by the GB retrace door.
The GB latency was reco¥ded over a final'lO in. segment (PE3-
PE4). Photo;electric beam 4 was located 6 1/2 in. prior to the
end of the runway and 4 1/2 in. before the food cup holder. The

"click" of the microswitch on the SB door, as well as the



~ termination "click" of each timer, was audible to the experi-
menter,

Pretraining

Upon removal from the colony, Ss were weighed and individuaily
housed in a 48 cage, self-demand watering unit. A regimen of 15
gn. of food, once a day, was immediately put intq effect and thié
regimen obtained throughout the experiment. At the beginning of
an experimental session, food deprivation was 19-21 hours. For
a minimum of six days the Ss were exercised on a large training
table in groups and handled individually 3-5 min.

On the third day before experimental sessions began (E-3),

a set of 16-24 Ss was rank ordered by weight, marked off in sets
of three, and within a set of three, randomly assigned to one of
the three reward levels. The Ss were then assigned at random to
an experimental squad (7-9 Ss) with the limitation that all three
reward levels be represented in each squad. All squads of a
particular set of 16-24 animals received the same number of
acquisition trials. Assigﬁment of squads to a level of the trials
factor was such that each level was represented in the early,
middle, and late stages of the research. The research was con-
ducted at night.

On day E-3, each S received one placement in the gray end-
box. Placement was from the end énd the reward was a full measure
of the proper percentage‘of sucrose solution. On day E-2, each §
received consecutively massed trials to a criterion of three

-successive trials with latencies of less than 1 min. The reward



was 3-5 drops of the appropriate concentration. On day E-1, a
squad of Ss was placed in individual carrying cages, transported
to the pretraining room (different from the experimental room),
and administered spaced trials, in rotation, to a criterion of
three successive trials with latencies under 20 sec. The reward
was two drops of the appropriate concentration. On days E-2 and
E-3, latencies were recorded by stopwatch to the nearest second,
placement was from the top, and subsequent to the end-box training,
the Ss, in squads of 2-3, were given 10 min. exploration in the
runway appératus. The food cup and holder were absent during the
exploratory periods.

Acquisition

The Ss were brought into the experimental room in individual
carrying cages and allowed 10-15 minutes to "settle down". Squads
of 7-9 animals were run in rotation. A trial was initiated when
the'§ oriented to the SB door or 5 sec. after placement, which-
ever occurred first, A subject was discarded for two
successive 5 min. start latencies (2 Ss). A trial terminated
approximately 20 sec. after the last timer stopped. If a S failed
‘to drink in 30 min., it was discabded (5 §$). A minimum inter-
trial interval of 8 min. obtained. Water was available, ad 1ib.,
during the intertrial period.. Fifteen trials a day were given
which resulted in acquisition periods of 2, 4, or 8 days for the
30, 60, and 120 trial groups, respectively. The reward was two
drops of the appropriate sucrose concentration (8, 16, or 32 per

cent). Sucrose solutions were prepared by the per cent by weight



method, e.g., the 8% solution was prepared by adding 8 gm. of
commercial sugar to 92 cc. of tap water. The solutions were
stored in bottles with glass tops and fresh solutions were pre-
pared every 2-3 days. Upon completion of a day's session, the
animals were returned to their individual cages and fed their
daily food ration.
Extinction

Each S received 22 experimental extinction trials on the day
following the completion of acquisition. The experimental situa;
tibn was unchanged except for the absence of reward. The inter-
trial interval became pfogressively longer, reachin§ intervals of
20 min. toward the end of extinction. If the latency required to
traverse any of the four, photo-beam delineated segments of the
runway reached 5 min., the trial was terminated and S was re-
moved from the runway segment and placed near the food cup for

20 sec,



CHAPTER ITI
RESULTS

For purposes of statistical analysis, the individual latency
data were transformed (100/latency) to speed scores. The results
presented were restricted to three measures (start, initial alley,
and goal speeds) because preliminary analysés indicated.the other
measures (terminal alley, total alley, and total speeds) to be
redundant.

Pretraining

The ad lib. weight of the animals was balanced over the per
cent levels. but not over levels of the number of acquisition
trial; (Ng). In order to evaluate the balancing procedure, a
3 x 3 analysis of variance was computed on the ad lib. weight
scores. The analysis resulted in Fs {1 for the per cent main
effect, as expected, and for the % x Ng interaction. fhe Ng
main effect was significant at the .01 level (F = 5.28, 2, 126 df).
Subsequent t analyses indicated the 30 and 60 trial levels to be
similar but heavier than the 120 trial level.

As a check on the importance of the weight variable, correla-
tions (based on all 135 §s) were computed between ad lib. body
weight and each of the three measures for terminal acquisition
and ‘terminal extinction. The absolute magnitude of all six corre-
lations'was less than .10. The consistently small magnitudés
suggested that, for this experiment, little of the variance of
terminal acquisition or terminal extinction measures might be
attributed to ad lib.weight of the §s.' Crespi (1942) and Zeaman
(1949) have reported similar findings.

10



The mediap latency of the last three pretraining trials was
computed for each §; A 3 x 3 analysis of variance on the latency
data resulted in Fs ¢ 1 for the Ng and Ng x % effects and nonsigni-
ficant for the per cent effect (P<.10). Statistics based on the
total sample of 135 indicated that the Ss had learned to approach
and drink the sucrose solution, e.g., range = 1-9 sec., mean =
1.8 sec., and the median = 1 sec.

Terminal Acquisition

Each §'s median response speed was computed for the last 7
acquisition trials on the start speed, alley speed and goal speed
measures. The group mean and SD of the terminal median response
speed for each of the nine independent groups on each of the
three measures is presented in Table 1. A separate 3 x 3 analysis
of variance was performed on each measure. The results from the
three analyses were consistent in showing (1) little or no ten-
dency for the Ng and per cent variables to interact (Fs< 1 for
start and alley; p >.20 for goai), (2) some tendency for Ss
that received 32% or 16% sucrose solution to run faster than Ss
which received the 8% solution (F = 2.85, 2, 126 df.,, P < .10
for start; F = 2.83, 2, 126 df, P 7.10 for alley; F< 1 for goal),
and (3) reliable differences between Ng levels (F = 22.49, 2, ;26
df, P<.001 for start; F = 6.40, 2, 126 df., P <.005 for alley;

F = 4,64, 2, 126 df., P <.025 for goal). |

Subsequent analysis of the Ng data by t test showed the same

thing for all three measures, i.e., the 120 and 60 trial levels

were similar but significantly faster than the 30 trial level.



TABLE 1

TERMINAL ACQUISITION: GROUP MEAN SPEED (lOO/Lat.) AND SD

FOR START, ALLEY, AND GOAL MEASURES (n = 15)
Start Speeds
Number of Acquisition Trials
Per Cent 30 Trials 60 Trials 120 Trials .
Sucrose ' ) : - Overall
Solution Mean SD Mean SD Mean SD Mean
8% 112,27 76.86 212,00 82.28 200.33 49.53 174.87
16% 152.80 81.47 239.80 79.06 232.87 63.82 208.49
32% 142,40 69.62 224.87 62;51 249,93 77.37 205.73
Overall 135.82 225.56 227.71
Mean
Alley Speeds
8% 215.73 87.05 274,27 76.21 253.40 46.55 247.80
16% 246.73 74,25 289.13 63.68 274.07 69,72 269.98
32% 242.67 57.30 302.87 74.77 312.33 10C.56 ©285.55
Overall 235.04 288.76 279.93
Mean
Goal Speeds
8% 228.33 71.25 266.93 63.43 271.33 37.27 255,53
16%  261.60 80.58 267.73 39.99 262.07 52.78 263.80
32% 230.27 583.67 304.07 '54.48 279.33 85.73 271.22
Overall 240.07 279.58 270,921

Mean
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For the t analyses, the error term (126 df) from the relevant
analysis of variance was used. For all three measures, ts< 1
were found for the 60 vs. 120 trial comparison, The ts for the
combined 60 and 120 vs. 30 trial comparison (6.707, 3.537, and
2.987 for the start, alley, and goal speeds, respectively) all
aﬁtained the .01 level.of significance.

Extinction, Criterion Measure

An extensive analysis of the extinction data in terms of
trials to several levels of a temporal criterion was precluded
by the fact that, even for very short latency values, some sub-
jects failed to meet critérion within the extinction period. For
example, one, three, and five Ss failed to have latency scores
that exceeded 1 sec. in the start, alley, and GB sections, res-
pectively. As thé criterion was increased, proportionally more
Ss failed to meet the criterion, e.g., 6, 21, and 24 Ss failed
to have latencies as long as 10 sec. on the start, alley, and GB
sections, respectively. |

In order to obtain scores from all 135 Ss on the three
sections, a criterion of .50 sec. was employed. The number of
trials to a latency equal to or greater than .50 sec. was re-
corded for each S for each of the three runway sections. The
first extinction trial wasexcluded from statistical treatment.
The results of thev3 x 3 analyses of variance performed on these
data were essentially the same for all three runway sections.
The main effects for both Ng and per cent were significant but

the interaction effect did not approach significance. The
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summary statistics were, (1) start measure: F = 10.63, 2, 126 df.,
P<.001 for Ng; F = 4.47, 2, 126 df., P < .025 for per cent; F = 1.30,
4, 126 df., P> .20 for Ng x %, (2) alley measure: F = 7.74,
2, 126 df., P< .001 for Ng; F = 4.38, 2, 126 df., P<.025 for per
cent; F = 1.52, 4, 126 df., P (.20 for Ng x %, and (3) GB
measure: F = 8.15, 2, 126 df., P.001 for Ng; F = 3.80, 2,_126 df.,
P .025 for per cent; F = 1.45, 4, 126 df., P> .20 for Ng x %.
For all three sections, analyses by t tests showed that the
combined 60 and 120 vs. 30 trial and combined 16 and 32 vs. 8
per cent comparisons were significant beyond the 2 per cent level
but the ts were 1.0 or less for the 60 vs. 120 trial and 16 vs. 32
per cent comparisons. Because the Ss reached the .50 sec. criterion
in relatively few trials (3.64, 5.07,'and 5.00 trials for the start,
alley and GB sections, respectively), the similarity of these
results to those of terminal acquisition is not surprising. The
main difference between the terminal acquisition speed and extinc-
tion trials data appeared in the per cent sucrose factor. Where
the analyses of éhe start and alley speed measures only suggested
a sucrose concentration effect, the trials to criterion analyses
resulted in significant concentration effects for all tﬁree
runway sections. |

Extinction, Speed Measure

The procédure of removing the S from the apparatus after a
5 min. latency reading resulted in missing data, e.g., if S were
removed from the initial alley position there were no clock

readings for the terminal alley or goal measures. Missing data
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were infrequent. Out of the possible 2835 scores, only 35 and 26
scores (about 1%) were missing from the alley and goal measures,
respectively; At no time was it necessary to compute a median on
less than four scores and no S ever exceeded three refusals on one
measure. This procedure did not affect speeds because a latency
of 5 min. transforms to a zero speed score.

The first extinction trial was not included in the treatment
of the data. The remaining 21 trials were blocked into groups of
7 trials for purposes of statistical treatment. The median for
each trial block was computed which resulted in three extinction
scores for each S. The group means and SDs for each group (N = 15)
and the means fbr each Ng and per cent level (N =-45) for each of
the three measﬁres, start, alley, and goal speeds, are presented,
respectively, in Tables 2, 3, and 4. Sepafate 3 x 3 x 3 analyses
of variance were performed on each measure where the three factors
investigated were Ng, per cent sucrose solution,.and the phase of
extinction training (first, second, or third trial block). The
last factor'involved repeated measurement on the same S. The
sumnary tables for the analyses are presented in Table 5. In all
t analyses the appropriate MS error from the relevant analysis of
variance was‘used as the estimate of error.

The Ng main effect was significant for all three measures
and the subsequent analyses also showed the same pattern across
measures. The summary statistics for the combined 120 and 60 vs.
30 trial comparisons for the start, alley, and goal speed measures

were, respectively, t = 5,02, 126 df., P< .01; t = 3.86, 126 df.,
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TABLE 2
EXTINCTION: GROUP MEAN START SPEED (100/Lat.) AND SD FOR EACH

OF THE 9 Ng-% COMBINATIONS (n = 15) AND MEAN FOR EACH Ng
’ AND % LEVEL (n = 45)

30 Trials
Blocks cof 7
Extinction 8% 16% 329
Trials _ Overall
Mean SD Mean SD Mean .SD Mean
Block 1 75.13 78.95 120.60 79.30 126.20 82.46 107.31
Block 2 24,53 39,23 49,13 61,13 38,20 55.02 37.29
Block 3 15.893 21.50 41..07 47.42 33,73 48.38 30.24
.Overall Mean 38.53 70,27 £6.04 58.28
60 Trials
Block 1 167.20 87.03 204.33 92.14 1%1.60 87.91 187.71
Block 2 78.07 91,71 103.47 74.28 103.27 100,3¢ 94,93
Block 3 52.53 60.23 22.47 25.91 31.20 50.23 38.73
Overall Mean 102.60 110.09 108.69 107.13
120 Trials
Bilock 1 150.87 73.4Y 205.13 S6.66 239,13 71.60C 1388.38
Block 2 80,33 61.55 10%.40 90.%92 140.33 95.31 110.02
Block 3 53.93 51.15 234,93 45,42 53.20 ©59.32 47,36
Overall Mean 95.04 116.4S 144,22 118.59

% Level Mean 78.73 98.95 106.32
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TABLE 3

EXTINCTION: GROUP MEAN ALLEY SPEED (100/Lat.) AND SD FOR EACH
OF THE 9 Ng-% COMBINATIONS (n = 15) AND MEAN FOR EACH Ng
AND % LEVEL (n = 45)

30 Trials
Blocks of 7
Extinction 8% 16% 329%
Trials » Overall
Mean SD Mean SD Mean SD Mean
Block 1 170.07 75.88 223,40 70.04 179.33 88.82 190.93
Block 2 94,07 51.53 104.47 55.91 100.80 £1.82 99.78
Block 3 95.73 54,06 66.67 45.84 125.47 70.39 95,96
Overall Mean 119.96 131.51 135. 20 128.89
60 Trials
Block 1 234,07 79.27 270.40 55.78 267.87 86.46 257.44
Block 2 162.73 74.56 146.47 60.91 144.00 105.83 151.07
Block 3 112,13 62.87 90.80 45.41 82.40 41.32 97.44
Overall Mean 171.98 169,22 164,76 168.65
120 Trials
Block 1 224.40 54,64 225,07 106,93 297.37 S0.75 249,11
Block 2 140.07 50.98 132.40 84,71 188.27 92.28 153.58
Block 3 102,60 51.39 85.00 47.15 134,13 58.27 110.58
Overall Mean 155.69 - 150.82 206,76 171.09

% Level Mean 149.21 150.52 158.90
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TABLE 4

EXTINCTION: GROUP MEAN GOAL SPEED (100/Lat.) AND SD FOR EACH
OF THE 9 Ng-% COMBINATIONS (n = 15) AND MEAN FOR EACH Ng
AND % LEVEL (n = 45)

30 Trials.
Blocks of 7
Extinction 8% 16% 32%
Trials Overall
Mean SD Mean SD Mean SD Mean
Block 1 188.53 63.71 231.80 62.03 .184.33 59.859 201.56
Block 2 124.33 71.47 bl45.33 39.20 131.53 48.07 133.73
Bloék'3 115.60 86.00 118.47 59.09 125.27 52.72 119.78
Overall Mean 142.82 _ 165,20 147.04 151.69
60 Trials
Block 1 221.00 83.61 255.67 53.12 279.27 §52.10 251.98
Block 2?2 162,87 59.63 152.40 56.46 191.73 52.75 169.00
Block 3 143.87 54.41 130.93 52,14 152.27 50.68 142.36
Overall Mean 175.91 179.67 207.76 ~ 187.78
120 Trials
Block 1 238.47 47,07 219.53 38.59 25G.80 82.87 238.27
Block 2 158.07 57.91 175;00 43,14 202.40 78.33 178.49
Block 3 f 145,87 54,36 138,33 35,93 138.60 55.91 140.93

Overall Mean 180.80 177.62 189,27 185.90

% Level Mean 166.51 174.16 184,569
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P<.01; £t = 4,14, 126 df., P£.01l. For all measures, the Ng-
level mean running speed was sihilar for the 60 and 120 trial
levels but reliably slower for the 30 trial level. The findings
support the assumption of a positive relationship obtaining
between Ng and resistance to extinction,

All three measures yielded nonsignificant Fs for the per
cent main effect. The rank order of the means for the three
levels was consistent across measures and directly related'to
resistance to extinction in that per cent level mean running
speed was greater for the 32% level than for the 16% level which
was greater than the 8% level. The magnitude of the per cent
effect apprbaéhed significance on only the start speed measure
(P .10). The trend of these data suggest that the relationship
between per cenf sucrose solution and resistance to extinction
is positive and monotonic.

No evidence was found to indicate that Ng and per cent
interact in their influence on extinction behavigr. None of the
Fs for the Ng x % interaction approached significance.

The effect of the number of unrewarded trials (No) was
consistently large reflecting the usual decrement in responée
speed subsequent to removal of the reward (P’(.OOl for all three
measures). Both first order interactions (No x Ng, No x %)
were significént for the start and alley measures and both were
nonsignificant for the goal measure.

The data of Tables 2 and 3 suggested that these significant

first order interactions might have occurred because the Ss in
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the higher levels (32 and 16 per cent, 60 and 120 trials) of
both factors were running faster in initial extinction than
those in the lower levels (8%, 30 trials) but thé three levels
of both factors were comparable at terminal extinction. To

test this implication, each of the four significant interactions
was appropriately separated intc a set of four orthogonal compa-
risons and the SS for each comparison was computed. The picture
was the same for each of the interactioﬁs. As an example, the
interaction effect (1 df.) that accounted for the major portion
of the total (4 df.) No x Ng interaction for the start speed
measure was the comparison of the combined 120 and 60 vs. 30
trial levels on the differences between combined trial blocks

1 and 2 minus 3. The combined 120 and 60 trial levels had
greater differences (greater reduction in speed) than did the

30 trial level. This was the only significant No x Ng (1 df.)
comparison for the alley spe?d measure also. Analogous findings
for both of the significant No x % interactions (4 df.) obtained,
i.e., the only comparison (1 df.) achieving significance was the
one evaluating the reduction in speed from combined trial blocks
1l and 2 to trial block 3 for the combined 16 and 32 vs. 8 per
cent comparison. Again the combined higher levels (16 and 32
per cent) experienced a greater drop in responée speed over the
extinction period than did the lower (8%) levél. These intér;
action or rate of fall results, taken by themselves, appear to
show that the lowest levels of the Ng and per cent factors
produced greater resistance to extinction, a slower rate of res-

ponse speed diminution, than the higher levels.



22

An alternative suggestion makes use of one general extinc-
tion curve (Birch, Allison, & House, 1963). The point whepé
a fagfor level enters this curve is directly related to its Ng
or per cent value during acquisition. For example, the Ss in
the higher levels tended torun faster at terminal écquisition
and had a higher initial point on the extinction curve. As
long as the Ng or per cent factors predominate in the control
of response speed, the rate of response decrement is similar
for all levels, supported by the minimal level x blocks 1 and 2
interaction effect (1 df.)  included in the MS residual inter-
actions, Tables 6 and 7. When a factor no longer dominates
the control of behavior (i.e., extinguishes) the rate of res-
ponse decrement changes (last third of extinction for the lowest
levels of Ng and per cent) producing an interaction with the
higher levels. 1In short, the suggestion is that the 8% and 30
trial levels reached the point where the extinction curve levels
out more rapidly than the higher levels because they entered the
curve at initially lower points. This interpretation is consis-
tent with the positive relationship between both Ng and per cent
to resistance to extinction found in the acquisition data and
extinction main effect data.

Additional support for the above interpretation of the signi-
ficant first order interactions was found by an examination of
the nonsignificant first order interaction results obtained in
the goal speed analysis. On the latter measure, ohe of the two

conditions specified as necessary for the interaction, terminal
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TABLE 6

SUMMARY TABLES OF THE No x Ng INTERACTION BRERKDOWN FOR
THE START AND ALLEY SPEED MEASURES DURING EXTINCTION

Start Speed Alley Speed
Source daf MS F MS F
No x Ng@ 1 78528. 30 26,20% 48785, 25 16.91%
No x Ng 3 2274.,23 {1 2208, 25 <1
Residual
MS Error
Within Ss 252 2996.80 - 2884.15 -
*p ,001

a(60- 162 = 60-3) + (120- 162 = }20-3)—— (30- 162 — 30-3)

TABLE 7

SUMMARY TABLE OF THE No x % INTERACTION BREAKDOM\I FOR
THE START AND ALLEY SPEED MEASURES DURING EXTINCTZION

e+

—

Start Speed Alley Speed

Source df MS F MS F
No x $2 1 45909.49  15.32%%  13387.44 4,64%
No x & 3 2118.17 <1 ' 6420.52 2.23
Residual
MS Error _
within Ss 252 2996, 80 - 2884.15 -
*p £.05
**p ¢ . 001
q (16-182 =~ 15-3) + (32-182 = 32-3)=~— (8-182 == 8-3)
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acquisition differences and terminal extinction sihilarity, did
not obtain.’ The condition of terminal acquisition differences
held for the Ng factor but the relative difference among groups
at teminal extinction was greater for the goal speed measure
than it was for the start and alley speed measures. The mean
differences for the combined 60 and 120 vs. 30 trial comparison
on the third extinction trial block was 21.86 for the goal

- measure compared to differences of 8.05 and 12.80 for the alley
and start measures, respectively. The per cent level means for
terminal extinction were quite similar but there was relatively
little difference at the end of acquisition (mean differences
_for the combined 16 and 32 vs. 8 per cent comparison were,
respectively, 32.24, 30.17, and 11.48 for the start, alley, and
goal measures). Although the laék of terminal acquisition
differences obtained, the reader is reminded that the trials to
criterion measure, presumably closely related to terminal acquisi-
tion performance, showed significant concentration effects.

The second order interactioh (Ng x % x No) was significant
for the alley measure while it did not approach significance for
the other two measures. The cqmparison (1 df.) which accounted
for the significant portion (F = 11.15, 1, 252 df.) of the total
interaction variance (4 df.) and left a nonsignificant residual
(Table 8) was the 32 vs. 16 per cent comparison for the combined
trial blocks 1 and vainus 3.difféfenpes for the combined 60 and
120 vs., 30 trial group. The difference between combined érial

blocks (1 + 2) and (3) was greater for the 16% group than for the
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TABLE 8

SUMMARY TABLE OF THE No x Ng x % INTERACTION BREAKDOWN
FOR THE ALLEY SPEED MEASURE DURING EXTINCTION

Source df MS F
No x Ng x %2 1 32155.05 . 11.15%
No x Ng x %
Residual 7 1931.71 ' <]
MS Error -
Within Ss 252 2884.15 -
*p £.005
a
[(60-16-180-60-16 -3) — (60-32-182 ——60-32-3) +

(120-16- 1&2 ~—120-16-3)~— (120-32-182 -——120-32-3)] —
[(30-16~ 182 —30-16-3)-— (30-32- 12 —30-32-3)] |
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32% group at the 30 trial level but for the combined 60 and 120
trial levels the differences for the 32% and 16% Ss were similar.
This interaction was primarily due to the relatively abnormal
pattern of extinction behavior exhibited by the 30-32% group.

By the end of the first extinction trial block (7 trials), the
30-32% group was comparable to the 30-8% group indicating rela-
tively rapid extinction; but the former group then showed enough
increase in response sfrength from trial block 2 to trial block 3

to show an overall mean extinction speed greater than either the

30-16% or 30-8% groups.



CHAPTER IV
DISCUSSION

The pattern of results that emerged from the three speed
measures was consistent and showed a close relationship between
performance at terminal acquisition and resistance to extinction
(Ro). Both the number of rewarded acquisition trials (Ng) and
amount of reward, represented by per cent sucrose solution, were
positively related to terminal acquisition sbeeds and Ro.. The
Ng factor exerted more control on performance, in general, than
the sucrose concentration or the Ng x % interaction. Although
per cent sucrose was a significant factor on the trials to
criterion analysis, its effect on the running speed méasures,
while consistent, only approached significance. The Ng x %
interaction was very small in both extinction and terminal
acquisition.

The obtained positive relationships both replicate and
conflict with previous findings. The position taken here is
that.the relation holding between Ro and amount of reward or Ng
may vary as a function of many variables. As Kimble (1961)
has pointed out in-a discussion of the "enormous complexity"
of the literature concerning extinction,

Another reason for the impression of complexity is that

variables controlling extinction seem to interact in ways

which limit the generality of statements about extinction.

(p. 323)

The hope, then, is that at least some of the apparent conflict

can be reasonably attributed to interstudy differences in variables

effective in the control of extinction performance.

27
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Among the recent réviews of theories relevant to extinc-
tion phenomena are Kimble (1961), Amsel (1962), and Lawrence
and Festinger (1962). Fér purposes of expoéition, the orienta-
tion and vocabulary of Amsel (1958,11962), Birch (1961), and
Spence (1956, 1960) will be adopted. This approach conceives
of performance under conditions of experimental extinction to
be controlled primarily by two motivational processes, (1) a
positive motivational process (rg-sg) associatedlwith the anti-
cipation of rewafd (K), an& (2) a négative motivational pro-
cess (rf-sf) associated with the anticipation of frustration
occasioned by the removal of reward during experimental extinc-
tion. During acquisition, the build-up of frustration potential
is directly related to the build up of rg-sg and both are
directly related to Ng and K. While thevrelationship between
Ro and rg-sg is positive, Ro.is specified to be negatively
related to rf-sf. Given these two processes and one of them
(rg-sg) developing at a faster rate than the other, the relation-
ship expected between Ro and K or Ng is some function of the
relative magnitude of the two processes. Where extinction
performance is controlled primarily by the strength of fg-sg,
the relationship expected between Ro and K or Ng is positive;
but where groups are comparable in rg-sg and different in magni-
tude of elicitable frustration, negative relationships should
obtain. Over several,rwell—separated‘levels of the Ng or X
factors, the theory provides for the occurrence of curvilinear

(inverted U) relationships to Ro. Where studies have differed
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in variables (experimental or procedural) related to the develop-
ment of these two motivational processes and/or to their rate

of antedation, differences (apparent conflict) in the reported
relationships can be expected.

North and Stimmel (1960) interpreted their finding of
greater Ro after 45 trials compared with 90 or 135 trials in
conjunctioﬁ with that of Lawrence and Miller (1947), 16 trials _
producing more Ro than 8, to reflecf a "nonmonotonic' relation
between Ng and Ro. Ison's reported finding of a negative |
relationship holding over a range of 10-100 trials appears to
conflict. Two reported findings have bearing on this. The
first is runway length. Amsel, Ernhart, and Galbrecht (1961),
in a study which involved runways of different lengths obtained
results that suggested, "... that the magnitude of frustration
is, up to a point at least, directly related to the duration-of
an instrumental response which is frustratively non-rewarded"
(p. 184). The alley lengths, excluding start box (SB), for the
North and Stimmel study was 50 3/4 in., and for the Ison study,
90 in. Also, Ison used a .4 gm. food reward; North and Stimmel
used 1 unit of a commercial breakfast food, "Sugar Jets". The
greater runway length, and, presumably, gfeater reward of the
Ison study could have operated in a manner to move the apex of
a curvilinear function to an earlier trial number. Second,
Ison's apparatus was black throughout while North and Stimmel
left the SB portion of their apparatus unpainted. The results

of Finger's (1942) study (no brightness cue) in combination
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with those of Lawrence and Miller (brightness cue pres;hé)
indicated that the relationship over the lower lievels of Ng
will be positive or negative depending on the presence or absen-ze
of brightness cues clearly delineating the SB fram GB. The
absence of a brightness cue in Ison's study in combination with
the efféét of a lengthy runway could have contributed to the
reported inverse relationship which included small values of the
Ng factor. The suggestion here is that a positive Ro to Ng
relation might have obtained for small values of Ng under condi-
tions of a brightness cue and/or a shorter runway.

Wagner (1962), using a 50 in. alley (post pre—SB), found a
16 trial group to have less Ro than a 60 trial group when the
level of X was .08 gm. The conjecture here is that had Wagner
had a third, higher level of Ng, e.g., 135 trials, the positive
relationship reported could have changed to a curvilinear one.
(When the reward was 1.0 gm., the 16 and 60 trial groups were
'sbnilar to Ro but no Ng x K interaction was mentioned.)

While Theios found no reliable differences in extinction
- performance between groups which had received either 100 or 170
acquisition trials, the small difference found (Group 170 re-
quired 3 more trials to an extinction criterion) is consistent
with placing the two points on the descending side of a curvi-
linear function. That such a placement is reasonable is supported
both by runway length (87 in. post SB) and level of reward - (one

M"Frostyos" pellet).
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Although none of the intrastudy'data.presented have demon-
strated directly that the relationship between Ng and Ro is™
curvilinear, such a hyﬁothesis manages to survive the studies
reviewed. ' Further, Amsel (1962) has reported some unpﬁblished
data (Reynolds, Richter, & Carlock, 1960) which he interpreted as
direct support for the hypothesis (a 66 trial group had less Ro
than either 6, 12, or 30 trial groups). |

The present study found no evidence to suggest a curvilinear
relationship. The short ruﬁway used (41 1/2 in. post SB) could
have prolonged, relatively, the poeitive phase ¢f a curvilinear
function. Wwhile Amsel found little evidence for a frustrative
nonreward effect after 75 trials on a 24 in. alley portion of a
runway, one would expect the increase in length and Ng to have
produced some frustration. - In the same vein, the procedure of
opening the SB door upon obtaining an orienting response from the
S, used in this study, differs from the more general procedure of
imposing some constant, minimum time interval between placement
and opening of the SB door. Since the former procedure shortened
the duration of instrumental responding, less frustration should ~
result from it, other variables held constant.

Another factor which may have contributed to the positive
K-Ro relationship found was‘the reward used in this study.
Several studies (Goodrich & Zaretsky, 1962; Goodrich, 1962;
Dufort & Kimble, 1556; Rosen, 1961; but cf. Collier & Marx,

1959) which involved a shift in sucrose concentration failed

to find the "depression effect" reported in studies involved
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with a shift of food reward (Crespi, 1942; Zeaman, 1949; Spence,
-1956; Ehrendfreund & Badia, 1962), Dufort and Ximble suggested

that extinction may be viewed as the limiting case of a downward
shift in reward. Following this suggestion and assuming that the
depression effect is dependent upon frustration (GB and anticipatory)
resulting from the shift to a lower reward, the differential shift
effects of sucrose and food are compatible with the notion that,

(1) the magnitude of frustration occasioned by a downward shift

of reward is less for sucrose solutions, and/or (2) the antedation
of the frustration effect is slower for solutions of sucrose.

Either (1) and/or (2) could, presumably, prolong the positive
portion of the relationship for sucrose solutions relative to

food. Research directly bearing on this is apparently not available,
i.e., intrastudy comparisbns of food, solid sucrose, and solutions
of sucrose. The fact that a goal response to solid reward has

more components capable of antedation may be an important factor
here.

While the effects of consummatory response and amount of
reward factors have, in general, been confounded in‘food reward
studies (Spence, 1956) sucrose is better suited for the separation
of these factors (Gutman, 1953). The theoretical approach used
as a framework for this discussion has arisen, almost exclusively,
from animal experimental work involving a food reward. The
approach leans heavily on the idea that the goal response becomes
classically conditioned to stimuli, external and internal, present

at the moment of reward consummation. The fractional components,
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represented by rg-sg and rf-sf, are conceived to antedate the
goal box over trials and provide a basis for motivating the
instrumental approach response. Factors which influence the
classical conditioning process, e.g., strength of the UCS,
number of CS-UCS pairings, etc., are expected to affect the
strength of the fractional, antedating goal responses. By
holding the effects of sucrose concentration constant and vary-
ing such factors as the number of laps, laps/unit time; etc.;
the expectation would be, in general, a positive correlation
between; e.g., the nuﬁber of laps or classical conditioning
"trials" and instrumental approach speed. Recent studies have
failed to find much support for this expectation. After re-
viewing some of this literature, Knarr and Collier (1962) con-
clude, "that variations in consummatory activity are neither
necessary nor even sufficient conditions for producing varia-
tions in acquisition and performance" (p. 587). Although this
conclusion may have to be qualified for very large values of
various factors, e.g., Ng, Td, etc., it is compatible with the
notion that the build up of rg-sg, and thus frustration poten-
tial, may be slower under conditions of sucrose re&ard as com-
pared with food.

It should be emphasized that the Xnarr-Collier conclusion
may be limited by conéiderations other than increases in the
‘range of the usual experimental variables. One such considera-
tion of possible importance is the prior history of the subject

with a particular reward. Wetzel (1259) contains a brief
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review of studies which have investigated the effects of short
term experience with sucrose on subsequent performance. While
measurable short temm effects have been reported, the specula-
tion here refers to long term experience, namely, animals naive
to solid food from birth might perform for food reward in much
the same fashion that sucrose naive Ss perform for sucrose.
Knarr and Collier notwithstanding, the working hypothesis
here is that the effects found under food reward may be found
under sucrose rewards by substantially increasing the level of
the factors investigated. Some support for this stems from a
study (Clifford, 1963) conducted conéurrently with the present
one and on the same apparatus. The important differences be-
tween the present study and Clifford's were that Clifford encom- .
passed a broader range of the Ng factor, used female rats,
employed a greater food deprivation (Td), and interpolated a
latent extinction maniﬁulation between acquisition and experi-
mental extinctioq. During acquisition, all subjects were re-
warded with a 33% sucrose solution reward for 24, 48, 84, 132,
or 192 tfials. A curvilinear relation was found between Ng
and Ro>with an apex somewhere between the 84 and 132 trial marks.
Birch's suggestion (1361) that increases in drive might also
increase the frustrative nonreward effect (supported by Ehrend-
freund and Badia) coupled with an interstudy suggestion that
sucrose might have greater reward value for females than males
(Crespi, Zeaman, and the present study found no correlation

between weight and running speed; Young and Shuford (1954)
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found satiated females to run faster to suc¢rose than satiated
males) would seem to indicate that the positive relations found
in the present study would have continued beyond the point of
slope change found by Clifford. Before leaving the drive fac-'
tor, it should be.menfidned in passing that while studies can
vary in Td, the amount of extra-experimental food given S can
Vary while holding Td relatively constant, e.g., Hulse gave his
animals 7.5 gm., the present studyprovidedfor a 15 g. ration,
and Wagner allowed 30 min. access to food. Returning to the
sucrose studies on hand, the méin point is that given enough
trials, Td, etc., the expected curvilinear relation between Ro
and Ng has been found under the conditions of a sucrose solution
reward.

Changing the focus to the K factor, Armus (1959) viewed
his study as an extrapolation of Zeaman's along the Ng dimension.
Where Zéaman (and Lawrence and Miller) reported a positive rela-
tion between X and Ro fpf rats given a small (less than 20)
number of acquisition triéls, Armus found a negative relation
for rats given 75 trials. Armus' suggestion was that the rela-
tionship between X and Ro is dependent on the number of acqui-
sition trials. Hulse (1958) reported that after 30 acquisition
trials, a .08 gm. group required more trials to an extinction
criterion than a 1.0 gm. group. The negative relationship
obtained after only 30 trials may be reasonable in that the
post SB runway length (60. in. vs. 54 in.) and spread of re-

ward levels (factors of 12.5 to 10) were greater in the Hulse
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than the Armus study. Wagner replicated Hulse's finding with
rats given an average of 38 trials (collapsed 16 and 60 trial
groups). '~ By inspection of the graphs presented

by Wagner, it is clear that the difference between K
levels for the 60 trial groups was greatef than that of the 16
trial groups. . This is in keeping with the suggestion by Armus.

In short, the relationship between X and Ro appears to
depend on the level of Ng, positive for low levels of Ng and
negative for higher levels. No reliable Ng x K interactions
have been reported in subport of this, nor has anyone reported
a curvilinear Ro-K relationship for a'pérticular'Ng level.

The latter would not seem to be precluded by the literature
at hand.

Shifting from food to sucrose reward, the only other
study (Marx and Brownstein), which also assessed'the effect of
differential sucrose reward upon extihction performance, repli-
cated the present study in results based on speed measﬁres.

No significant concentration effect was found for terminal
acquisition or extinction for groups of §s‘given 73 trials
with a sucrose solution reward of 8%, 16%, 32%, or 64%. The
tendency was for the 8% group to run more slowly in both acqui-
sition and initial extinction.

Two other results from the Marx and Brownstein study are
worth noting'if only to emphasize the aforementioned complexity
encountered with~sucrose reward. The first is that there was

a systematic decline and recovery in performance during
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acquisition with the order of decline and recovery perfectly
and positively correlated with sucrose concentration (Ss had had
prior licking experience with 32% éucrose and water). This
phenomenon was attributed to, "a loss of incentive valweper se,
rather than mediated by the physiological factors known to oper-
ate over longer intake intervals" (p. 188).  The second result
indicating the complexity waé that measures of Ro other than
speed ihowed consistently but not reliably, a curvilinear rela-
tionship between X and Ro. The striking thing is that the U
was not inverted. |

As with the studies investigating the relationéhip between
‘Ng and Ro, there appears to be differences in the X-Ro relation
dependent upon whether food or sucrose reward was used. The
studies which involved a sucrose reward found a positive rela-
tion for levels bf Ng comparable to those of food studies
which reported a negative relation. This apparent conflict is
attributed, in part, to a prolongation of the Ng range where
'positive.relations hold. The prolongation is ascribed to cer-
tain possible ramifications- of sucrose reward as previously
outlined. |

As intimated earlier, in spite of the importance placed on
fractional anticipatory responses, the lack of a literature,
indicating that with solid food reward, magnitude of reward
effects are dependent upon correspondingly different goal res-
ponses, leaves such an emphasis essentially gratuitous. The

relevant literature on studies which involved a liquid reward,



38
primarily, sucrose solution, saaéhrine solution (Hulse & Bacon,
1962; Snyder, 1962; but cf. the work of Sheffield and coworkers,
e.g., Sheffield, Roby, & Campbell, 1954) and water (e.g., Kling,
1956) have indicated littlé relationship between'cdnsummatory
response factors and running speed but positive relationships
between amount and/or concentration factors and running speed.
The paucity of direct support in addition to a growing litera-
ture of negative results suggests the possibility that models
in the Hull-Spence tradition may have to relate the mediational
constructs (rg, rf, etc.) to behavioral eventé more central than
the clearly peripheral ones now employed.

In light of this possibility, it would seem remis not to
mentior. onc more aspect of sucrose and speculations concerning
it. 1In addition to the liquid-solid aspect of reward, there
is another aspect made apparent by a sucrose reward, the
nutricnt-taste aspect. After a brief review of relevant
material, Kimble states, "Thus, there is reason to believe
that it actually is the taste of sugar which provides it with
its reinforcing power™ (p. 251). After trying to incorporate
taste under the rubric of secondary reward, again in the Hull-
Spence tradition, he states, "It is equally conceivable, how-
ever, that the taste of saacharine is primarily reinforcing and
that the secondary reinforcement component is very small"

(p. 253). The point to be made is that it is equally conceivable
that sensory factors (as opposed to nutrient factors) provide-

the only basis for reward effects (Young, 1955) and the use
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of solid food reward, crude in many respects when compared to
solutions, has masked this fact. The number of grams of solid
rewards should, accordingly, be investigated in light of their
sensory compoenents such as solVency in saliva, momentary satia-
tion factors, sensory adaptation and fatigue factors, drive
state, etc. Such an approach has encouraged the use of tech-
niques available for evaluating the sensory aspects of reward
such as the psychophysical methods (e.g., Campbell, 1958) and
direct recording of neural activity in taste receptors and their
afferent nerves (Pfaffmann, 1960). The use of solid rewards is
not characteristic Qf this emphasis but at least one attempt
has been reported (Huft, 1954).

In summary, the point was made that a number of theories
afe available which are broad enough to contain the data re-
viewed in this discussion. For greater ease of organization
and exposition, an attempt was made to incorporate a restricted
set of findings, thcse directly bearing on the X- and Ng-Ro
relationship, within the theoretical vocabulary of Amsel,
Spence and Birch. The restriction was liberalized to bring
in data indirectly related to the relationships in question
to emphasize certain complexities relative to the question of
what provides the basis for reward cffects. Enough material
was introcduced to make the point, almost ubiquitous with
psychological research,_that a definitive interpretation of

the present results would be premature at this time.
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However, this much can be said. Although the results of the
present-study can be made compatible withnfheories (e.g.,
Amsel, Lawrence and Festinger) which provide for (1) nommono-
tonic relationships between Ro and amount of reward or Ng, and
(2) interaction effects betweeﬁ amount_of reward and Ng during
éxtinction, the obtained monotonic relationships, along with
little or no suggestion of a'Ng x amount of reward interaction,

may not be construed as support for such theories,



CHAPTER V
SUMMARY

Performance in a straight runway during terminal acquisi-
tion and 22 extinction trials was studied for 135 rats és a
function of two variables combined factorially: (2) two drops
-of either 8, 16, or 32 per cent sucrose reward, and (b) 30,
60, or 120 acquisition trials., Fifteen Ss were assigned to
cach of the nine independent treatment combinations. The Ss
were maintained on 15 gn. of food pér day and began experi-
mental sessions approximately 20 hrs. hungry. The minimum
intertrial was | 8 min. with water available, ad lib.,
during the interval. Start, alley and goal latencies were
recorded and transformed to speed scores (100/latency) for
analysis.

Terminal acquisition performance was positively related
to both the number of acquisition trials and sucrose concentra-
'tion but the latter only approached significance. The inter-
action effect was small and nonsignificant.

Reéistance to extinction (mean speed) was positively
related to the nﬁmber of prior rewarded trials and to the
sucrose concentration, the latter again failing to achieve
significance. The interaction between the number of acquisi-
tion trials and concentration was very small. First order
interactions were found between both of the experimental
variables and blocks of extinction trials. These were inter-

preted as consistent with the reported positive relationships

41
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and to have resulted from initial differences, transferred
from fenninal acquisition, in conjunction with terminal
comparabilities brought about by the effect of nonreward.

The number of trials to a latency criterion of .50 sec. was
positively related to both the number of acquisition trials
and concentration variables. On the basis of some strong

and generally consistent trends found in the speed data which
were supported by significant results on the trials to criterion
measure, the positive relationship between sucrose concentra-
ticn and terminal acquisiton'perfonmance or resiétance to
extinction was accepted as genuine.

The results were discussed in relatior co recent studies
which have (1) found other than positive relations, and/or
(2) been used to support theories predicting nonmonotonic
relationships under conditions similar to the present stﬁdy.'
An attempt was made to integrate the pertinent literature,
including the present study, within the framework of one of

these thecries.

.
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