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PREFACE
To paraphrase Bachrach (1963), whose delightful little book,

Psychological Research, introduced me to the excitement of exper-

imental psychology:

It is customary to wait until the middle of a bullfight
to dedicate the bull to someone in the audience, 1In
that way it is known whether the bull is brave enough
to be dedicated. Unfortunately, this is not possible
with a dissertation; therefore, I am taking the ''book!
by the horns and dedicating it to prized mentors,
colleagues and friends whose assistance contributed

to the termination of the fight:

A, Arthﬁr Smith
Robert: C., Fehr Byron P, Rourke Raymond M, Daly
David Belanger
and

Meyer Starr
Eyelyn McLean
Jean Ilnicki
Anie Hvizdos

William Somes
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ABSTRACT

' Four groups of seven undergraduates were presented ﬁith Bartlett's
(1932) "The War of the Ghosts" in an attempt to éssess the effects of
‘degree of arousal .as well as time of arousal on immediate (7 minutes)

: and‘deléyed (24 hours) recall. Arousal was produced experimentally
through the administration»of a modified version of the Rapid Discrimin-
étion Test (RDT) originally developed by Belanger (1957). The groups
were differentiated én the sasis of whether the RDT was présented
immediatgly before the story (Pre-Story), immediately after, (Post-»
Story), immediately before recall (Pre-Recall), or not at all (Control),
Heart rate (HR) and a multiplicative measure (BR_x DB) of breathing rate
and deptﬁ of breathing were the physiological indicaqts of aréusal
employed. Recall was measured by the written recall method, with total
number of content words iCW) as the scoring criterion. FMcCarter's (1961)
Recollection Rating Scale (RRS) provided phenomenological data.

Analysis of the CW scores showed some statistically significant
evidence that’time of arousal affects. immediate and delayed recall when
ardusal is mediated by the administration of RDT, The RbT did not,
howevef, produce a statistically significant increase in arousal as
reflected in absolute change in HR or BR x DB, When treatment groups
were céllapsed and within subject analysis of variancelcafriédvout, recall
was significantly better ip =.0,05) for the high arousal gfoup.

Phenomenological results indicated ﬁhat the RDT produced puzzle-

- ment, but not increased arousal, as far as recollected feélings were
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concerned. An interaction between accepting-rejecting feelings and

recall interval was established (p = 0.05).
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CHAPTER 1
INTRODUCTION
The study of memory includes the investigation of all those.
variables which are determinants of retentive behavior. Such
variables traditionally have been those that generally are classified
"as associative variables - degree of original learning, frequency of
- stimulus presentation, meaningfulness of material, similarity of
interpolated activity and original learning, degree of learning of
interpolated material and so on. Wéiner (1966) points out, however,
that there are a number of pertinent questions which address themselves
to the relation between '"nonassociative" factors and retention,
Further he states that
It seems intuitively reasonable to submit that
variations in the motivational variables existing
at any of the stages in the memory process will
affect subsequent recall (1966, p. 25).
Not only on intuitive grounds is such a submission reasonableg;
theoretically, as weil as empirically, there are sound bases for
Weiner's proposal. It is within the broad confines of this proposal
that the present investigation can be placed.l
| According to Atkinson (1964) any contemporary determinant of
behavior can be considered a motivational construct. This includes
temporary and relatively stable states of the organism as well as
characteristics of environmental objects or events, Subsumed under

temporary and relatively stable states is arousal level. It was with

1
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2
. this variable, arousal, that the present stﬁdy was primarily concerned,
but not in a singular way. Rather it was an investigation which
attempted to assess the efféctS»of degree of arousal as well as those of
time’of arousal on immediate (7 minutesjvand delayed (24 hours) recall
of cpnﬁected, meaningfu} material. Four groupsbof undergtaduates were
asked to read Bartlett's "The War of the Ghosts" and written reproductions
of the story were made ét 7-minute and 24-hour intervals. Arousal was
produced experimentally through the administration of a modified version
of Bélanger's (1957) Rapid Discriminmation Test (RDT). The.groups were
differentiated on the Basis‘of whether the RDT was preseﬁted immediately
before the story (Pre-Story), immediately after (Post-Story), immediately
before recall (Pre-Recall) or not at all (Coﬁtrol). Heart rate (HR)
and a multiplicative measure combining breathing rate and depth of
breathing (BRxDB) were the physiological indicants of arousal employed.
Recalls were scored for content words used in thehoriginal version of the
story. McCarter's (1961) Recollection Rating Scale (RRS) provided
phenomenological data. |
There are several theoretical and experimental issues which provide
the basic underpinnings of the present inveétigation. The presentation
of these issues will be partitioned as follows: (1) theories of memory
(witﬁ special emphasis on consolidation theory); (2) the findings of
‘research stimulated by consclidation theory; (3) Malmo's (1959)
activatioﬁ hypothesis; (4) the findings of experiments relating nmuscular
tension to recall; (5) the rationale for the use of RDT and "The War of
the Ghosts“; (6) rationale for the usé of two indicants of arousal;

(7) rationale for the use of the Recollection Rating Scale (RRS).
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Theories of Memory

Three major theories of memory have been propdéed to account for
the fact that man forgets: trace theory, interference theory and
cpnsolidation theory. In addition theré-is that which Osgood_(l953,
p. 554) terms the "fepression sequence''s "Althoﬁgh it does not pretend
to be a general tﬁeofy of forgetting, mention should be ﬁade of Freud's
concept of repression and the motivated forgetting to which it is a;sumed
to lead. Sﬁch forgetting is certainly a valid observation in the clinic
and probably would be verified in the laboratory were adequate conditions

designed to reveal it]' Rapaport's (1942) Emotions and Memory provides

the interested researcher with an extensive survey of experiments in
whose unfolding will appear "a hierarchy of emotional factors and their
influences on memory" as well as a hierarchy of experimental methodological

difficulties.

Trace Theory o ; ‘ -
The basic assumption of trace decay theory is that memory for a certain
‘event decays over the retention interval and that forgetting is a result
of a wéakened trace at the retention test, Gomulicki (1953) presents
the devélopmenﬁ and present status of trace theory for the interested
reader.
Trace decay theory is intuitively appealing to both the student of
humgn memory ‘and the layman with his conception of "impressions that
fade with time'., As Adams (1967, p. 23)‘points out, however, "intuitive
attractiveness is insufficieﬁt for scientific theory". He further states
that, "Trace decay may be the reason for forgetting, but activity in the

retention interval must be proved as truly neutral and not an agent that
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works to reduce the strength of the trace by’interference with it".
'Ideally, an empty time interval is needed; realistically events, in-
cluding memories of earlier events, occur in time. Thué any test of
tracé'decay is confounded., Despite this major difficulty; trace decay

| theory has had its modern supporters, Among them are Broadbent (1958),
Brown (1958), Conrad and Hille (1958) and Tolman (1949), but it has
not attracted much attention since McGeoch's (1932) major attack on
‘Thofndike's (1913) law ofkdisuse which is another label for the trace
decay theory.

The trace decay theory should be distinguished from the trace
transformation view that was held by gestalt psychologists. Koffka
(1953, p. 523) admitted the possibility of spontaneous decay of the
memory trace, but proposed that a change in the configuration of the
trace, not a weakening, was more probable., Gestalt psychologists were
primarilyinterested in stimulus recognition, however, rather than in
recall, It was‘Bartlett (1932) who emphasized the effects of trans-
formation on recall, Bartletﬁ had subjects read a North American folk
tale twice to themseives. Fifteen minutes later a written reproduction
was obtained; subsequent reproductions by the same individuals were
obtained over a wide range of iﬁtervals. From a careful inspection of
these serial reproductions, Bartlett synthesized certain general
tendencies, among which were the following: (1) The general form of a
subject's first reproduction is preserved throughout his own series;
(2) There is a strong tendency to rationalize unconnected or disturbing
elements; (3) Certain dominant elements may serve as‘focal points of

organization, -about which reasonable details are embellished; (4) Various
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inventions, in tune with the subject's frame of reference, are worked
into the reproduction, According to Bartlett, what is remembered is

an emotionally oriented, meaningful core, which he termed "schema'',

about which is reconstructed a story made up éf half—recalled and half-
invénted detail., Bartlett contended thatvthe entire personality of the
individuél, his emotions, his attitudes, his cultural frame of reference,

contributed to what he 'remembered!,

Interference Theory
In McGeoch's (1932) classic criticism of Thorndike's law of disuse,v

he wrote that, "Even were disuse and forgetting perfectly correlated, it
would be fruitiess to refer the forgetting to the disuse as such. Such
reference is equivalent to the statement that the passage of time, in
and of itself, produces loss, for disuse, literally interpreted, means
oniy passivity during time ., . ., . In time all events occur, but to use
time as an explanation would be to e#plain in terms so perfectly general
as to be meaniﬁgless“ (McGeoch, 1932, p. 359). As an alternative and
more compelling explanation of forgetting, McGeoch (1942) proposed the
competition-of-response formulation in which it is assumed that.two

- response systems acquired in succession both remain available to the

~individual at the time of recall. If two responses are attached to
Similar or identical stimuli, competition occurs and the strongef response
.is given; responses of equal strength may inhibit or block each other.
The competing responses. learned before acquisition of new responses
(proactive inhibition) or during the retention interval (retroactive
inhibition) tﬁus prodﬁce the performance decrement usually termed for-

‘getting. The interference will be the result of either proactive or
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retroactive inhibition depending on which of the two sets of responses
‘i; stronger.,

Long term memory seems fo'be more susceptible to the effects of
response competition than is short term memory (Keppel, 1968).
Individual differeﬁces in susceptibility to interference also suggests
that there are risks in making generalizations about the effects of
interference. Jensen (1964),'for example, found that individual
differences in resistance to interferencewere related ﬁo memory span.
These provisosvnotwithstanding, the evidence that interference is a
fertile explanation of forgetting is véry great. The interesfed reader

is referred to reviews by Postman (1961) and Keppel (1968).

Consolidation-Theory

Unlike either trace decay or ?nterference theories which offer
explanationé of forgetting, perseverative consolidation theory attempts
to explain the development of memory. It was Muller and Pilzecker
(1900) who first proposed a pseudoneurological>theory to cover many of
the phenomena of remembering. In essence their theory stated that the
neurai correlétes’of learning persist through time after active practice
has ceésed and that this berseveration serves to strengthen or consolidate
the associations formed.

This type of theory was later sponsored by Woodworth (1938) under’
thg name, consolidation. "It was Hebb's (1955) formulation of the con-
ceptual nervous system, however, with iﬁs discussion of reverberating
neural circuits which provided Walker (1958) with a mechanism to explain
the effect of arouéal on.congolidation., Walker (1958, p. 130) first

formulated his theory of action decrement as follows:
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Any psychological action is followed by an action

decrement - a lowered capacity for rearousal of the same

event, The action decrement is a direct manifestation

of the process of perseverative consolidation which is

necessary for retention and subsequent performance. The

action decrement persists for a limited time and then

dissipates. Under many circumstances'the dissipation of

the action decrement is followed by an action increment

which is learning or habit strength.
Following this initial formulation, Walker took a further step in-
volving the effects of different levels of motivation., He assumed,
with Hebb (1955), that differences in motivational level correspond in
some way to differences in nohspecific output from the reticular system
and that "one would expect an increase in the level of nonspecific in-
put from an increase in motivational level and thus an increase in the
intensity of the original action or any subsequent cycle of it. This
would produce a quicker recovery in absolute time, a steeper curve of
recovery, and a greater potential increment" (p. 131)., Furthermore,
Walker had argued that "when one tracks the course of the action
decrement experimentally one also, in fact, tracks the course of the
perseverative consolidation which is frequently assumed to follow a
period of training and is assumed to be necessary for subsequent per-
formance! (p. 129), Thus, Walker's theory interrelates perséverative
consolidation, action decrement and arousal. The relevant propositions
of the theory are summarized by Walker and Tarte (1963, p. 113) as
follows:

) .

(1) The occurrence of any psychological event, such as an
effort to learn an item of a paired-associate list,
sets up an active, perseverative trace process which
persists for a considerable period of time.

(2) The perseverative process has two important dynamic
characteristics:
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(a) permanent memory is laid down during this active
phase in a gradual fashion;

(b) during the active period, there is a degree of
temporary inhibition of recall, i.e.; action
decrement (this negative bias against repetition
serves to protect the consolidating trace against
disruption). '
(3) High arousal during the associative phase will result
in a more intensely active trace process., The more
intense activity will result in greater ultimate
memory but greater temporary inhibition against recall,
" The experimental hypothesis which tests consolidation theory stated
simply is that "due to the phenomenon of perseverative consolidation,
a pattern perceived under high arousal should show stronger permanent
memory and weaker immediate memory than a pattern accompanied by low
arousal" (Kleinsmith and Kaplan, 1963, p. 190), The phenomenon has been
demonstrated in a variety of experimental conditions, including arousal
manipulated by learning material (Kleinsmith and Kaplan, 1963), delayed
auditory feedback (King and Wolf, (1965), white noise (Berlyne, Bdrsa,
Hamacher and Koenig, 1966, McLean, 1968), drugs (Batten, 1967), and
film content (Levonian, 1967). A review of these and other studies

stimulated by consolidation theory are presented in the following

section.

Research Stimulated by éonsolidation~Theory
Kleinsmith and Kaplan, 1963
These investigators ran 48 ﬁndergraduate-students individually in
two sessions, learning and recall. During the initial session,; the
S was presented a list of eight word-digit pairs. The eight words that
were expectedito produce different arousal levels were: KISS, RAPE,

VOMIT, EXAM, DANCE, MONEY, LOVE, SWIM. The S first saw the stimulus
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word alone for four seconds, and then thé stimulus word and response
digft (2-9) together for the next four seconds, after which the second
paif was pfesented in - like manner. A colour naming task was interpolated
befween pairs in an attempt to separate the arousal effects of one pair
from those of the neﬁﬁ. The indicant of arousal employed was the
Agélvanic ékin fesponse (GSR) .

.Each of Kleinsmith and Kaplan's Ss was instructed to concentrate on
the word-aigit éairs and the colors as he called them out loud, but to

~ avqid_;ehearéal, he was not told specifically that he would be tested

for recall. During the recall session the S was‘instructed to call out
the correcf &igit for each stimulus word as it appeared. The correct
digit was not repeated. Colour naming was again used as an interpolated
‘task. Each § was run in only one recall session.. The recall.seséions
féllowed fhe initial presentation of the pairs by’2 minutes, 45 ﬁinutes;
one day or one week., Any drop in the S's skin resistance which occurred
within four seconds of the prgsentatioh of the stimulus material was
considered as an arousal value. These eight values were ranked with the
lowest four designated as '"low arousai" and the highest four as '"high
arousal" léarning. With percentage of digits correctly recalled as the
criterion score, the interaction between aréusal level and recall intervél
was significant at the 0,01 level. Low érousal resulted in better
short-term retention, whereas high arousal resulted in better long-term
retention, |

Low arousal associates were recalled five times as often as high
arousal associates when .recall was assessed at the two-minute interval,

‘With a recall interval okaO‘minutes the two arousal conditions were
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indistinguishable in terms of recall performance. This trend, forgetting
on the part of low arousal associates and reminisence on the part of high
arousal associates continued to the last recall period where the recall
levels for high and low arousal associates were separated in reverse by
a magnitude similar to that of the two-minute recall interval. Low
arousal associates showed consistent forgetting over time, High arousal
associates were recalled significantly less often when tested shortly after
learning, but showed a reminiscence effect of over 400 per cent in the one-
week interval,

Kleinsmith and Kaplan (1963) interpreted these findings as providing
further support for the theory of reverberating neural circuits., They
provided a somewhat simplified physiological explanation of the processes

!
involved which they pictured as follows:

When a person perceives a pattern, a closed reverberating neural

circuit is set up in his brain corresponding to this pattern.

The ‘more nonspecific neural activity or arousal present, the

greater the number of times which the trace is likely to rever-

berate, And the greater this perseverative consolidation of the

neural trace, the stronger the permanent memory.

- However the apparent paradox is that while perseveration is
taking place, recall ability is poor. This follows from the hypo-
thesis that at any given instant the neurons involved in the per-
severating trace are either already in the process of firing, are
in an absolute refactory state, or may be in a state of slowly devel-
oping subthreshold activity (Hodgkin, 1948); thus the trace would
be relatively unavailable to the organism. With greater arousal
there will be increased perseveration and thus poorer immediate
performance (p. 192),.

Although Kleinsmith and Kaplan's explanation coincided with their '
empirical findings, the experiment attracted much criticism on the grounds
that the meaningfulness of the learning material could have mediated learn-

ing irrespective of arousal. Suchan alternative explanation does not seem

particularly valid in view of their results, since it would predict higher
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recall for strong association-value words across all time conditions and
thereby cannot explain the interaction found between arousal at the time

of presentation and recall as a function of time.

Kleinsmith and Kaplan, 1964

To show that the arousal-recall time interaction phenomenon is inde-
pendent of the association values'or unique qualities of the words in-
volved, Kleinsmith and Kaplan repeated their experiment. While record-
ing skin resietance as a measure of arousal, they presented 36 Ss with
six (zero per cent association value) nonsense syllables paired with
single digit numbers following the same procedure used in their earlier
study except that the Ss were tested at two minutes, twenty minutes or
one week after the initial Rresentation of the pairs. The results were
virtually identical with those of their first experiment. Nonsense
syllable paired associates iearned under low arousal exhibited high imme-

diate recall and rapid fofgetting. High arousal associates exhibited a

marked reminiscence effect, low immediate recall and high delayed.

Walker and Tarte, 1963

Anfeplication of the Kleinsmith and Kaplae (1963) sfudy was conducted
by Walker and Tarte as a test of whether similar results would obtain with
homogenoué lists of high and low arousal words. Seventy-two Ss were div-
ided into nine groups. Learning consisted of one trial with a list com=
posed of eight stimulus words and single digits as responses. Three groups
learned a high arousal list, three a low arousal list, and three learned
a mixed liet consisting of four high-arousal and four low-arousal items,
Within each 1i§t type, one group recalled the list at two minutes, one group

at forty-five minutes, and one group at one week.
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The low-arousal list showed high immediate recall which decreased

wvith time. The high-arousal list showed some.rise'in recall with time.
Other analyses in which data from the three lists were pooled agreed
essentially with the results of Kleinsmith-and Kaplan (1963) showiﬁg high
immediate and low delaygd recall for 1ow-ar0usai'items, and_low immediate
and high ultimate recall for those items learned under high arousal.
Although the initial separation in magnitude of recall scores between high
and low arousal items was considerably less than that obtained by Klein-
smith and Kaplan, the differences between high and low arousal conditions

were significant.

McLean, 1968

A recent replication of Kleinsmith and Kaplan's (1964) study was de-
signed by McLean to determine whethe;ithe arousal-recall time interaction
phenomenon could be demonstrated when arousal was manipulated independently
of the learning material by means of white noise presented at 85 decibels
(db). A futher purpose of McLean's investigation was to assess the effects
of individual differences in Extraversion on paired-associate recall per-
formance as a'function of the recall interval employed.  In addition,
McLeaanished‘to discern whether the interaction phenomenon could be pro-
duced with intentional as well as incidental learning.

McLean's first experiment was an exact replication of Kleinsmith apd
Kaplan's (1964) study with one exception: to half of the Ss white noise
waé presented simultaneously witﬁ the pairings of the stimulus syllable
and response digit. The second experiment was identical with the excep-
tion that the Ss were made aware of the nature of the study through the
inclusion of appropriate instructions. Skin resistance recordings showed

that white noise was effective in inducing arousal. A significant inter-
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action was found (p = 0.05) between noise and recall interval in both
types of learning in the direction predicted by the theory of perseveras
tive consolidafion. When noise conditions were collapsed, however, and
the recall of assoéiates compared as a function of the within S arousal
preéent during the associative phase of learning; i.e., Kleinsmith and
Kaplan's écoring procedure based on skin resistance decrements, a similar
interaction was found in the incidental learning experiment, but failed
to réach statistical significance in the second (intentional learning)
experiment., MéLean (1968, p. 163) pointed out that.in the second experi-
ment, “the familiar performance depression on the part of high arousal
associates reappeared dufing the é minute recall session but the recall
performance was identical for high and low arousal associates during the
delayed recall seésion." He further stated that, "It cannot be said that
high arousal as assessed b& skin resistancé during P-A presentation in ex-
periment 2 had no effect on delayed recall performance since the relative
superiority (24%) of the white noise group during delayéd.reoall discounts
such a conclusion. Instead it can‘only be assﬁmed Ehat the use of skin |
fesistance to allocate‘P-As,into arousél categorieé is less sensitive
under conditions of intentional learning."

Eysenk's theory that introverts function at relatively higher levels
of arousal was supported by McLean's‘investigation. He found that intro-
verts performed relatively poorly on the immediate retention test, but
reminisced to a greater degree than did extraverts who pefformed optimally
immediately and poorly on the‘delayed recall test. This dinteraction be-
tween personality and recall interval was statistically significant (p =
0.01). Furthermore, it was found £hat personality derived arousal (intro-

version-extraversion) and experimentally induced arousal (white noise)
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were additive in their effect on paired-associate recall performance,

Batten,.1967

This investigator thought it seemed '"highly desirable to manipulate
arousal in such a way so as to preclude the confqunding gffecﬁs of general
arousal level and the effects of emotionél loading of particular words -:
which are used simulfanéously as.Stimuli in the learning task'" (p. 1056).
Thus, Batten employed only common '"neutral' words (PAPER, AMONG, FAR, UPON,
SUCH, MOST, BACK, and THAN), and arousal was manipulated both pharmacolo-
gically and experimentally. Ss in the high arousal group took 10 mg. dex-
edrine one hour before the experimental session. In addition, psychological
manipulation of arousal was effected by including in the instructions to
the high arousal group at the time of'testing remarks designed to create
uncertainty (''we're going to see how you really operate") and some degree
of ego involvement ("performance ogﬁthis task is related to intelligence"),
Further, high arousal Ss Qeré given the Stroop (1935) test which produces
a strong conflict of response tendency. Low arousal Ss took 100 mg. phen-
obarbital one hoﬁr prior to the experimental period, and were given instruc-
tions."designéd to minimize uncertainty and ego invoivement." Also, they
did noé perfofm the Stroop test.

-Batten_employed 120 Ss altogether and assigned them randomly to 10
groups - 2 groups for each of 5 recall intervals (2 minutes, 20 minutes;
45 minutes, 1 day, 1 week). Paired associates were presented oﬁ slides
in a sequence like that used by Kleinsmith and Képlan (1963) described -
above, Batten's results "strongly resemble" those reported by Kleinsmith
and Kaplan (1963), but a test of mean differences yielded no significance.

Batten argued that "“large intra-group variance precludes significance"
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(p. 1057), but made no attempt to account for that variance. The results
of McLean's work cited above (See p. 13) suggest that personality differj
ienCes may well have coﬁtributed greatly to that large intra-group variance.
Batten interpreted his results as "supporting the coﬁtentionkthat gen-
eral CNS arousal level, and not simply characteristics inherent in the
words or syllables presented, affects recall" (p, 1058)., Such an inter-
pretation, although psychopharmacologically appealiﬁg, is purely conten=
tious, however, since arousal levels were not monitored during the actual
- experimental sessions. Rather, "the effectiveness of these procedures in
producing the desired arousal effects was ascertained in a pilot study in-
volving repeated measures on six Ss'" (p. 1656). Batten alse reprted that
the mean difference in skin conduétance between conditions was 16,6 micro-
mhos, Criticism is warranted here on at least two counts. The use of ab-
solute measures of skin conductance rather than changes in conductance is
open to question because of wide individual vafiability'in skin conductance,
Secondly, it cannot be assumed that differences between high and low
arousal conditions similar to those found in the pilot work obtained with
the'experiﬁental §s.' It is possible that certain Ss within the high
arousal condition responded in a manner not unlike that of Ss in the low
arousal condition.,
There was another equally important consideration which strongly in-
dicated that the absence of physiological measures in the Batten study
was a major error of omission. For the 20 and 45 minute recall interval
groups,_Batten had the Ss remain in the laboratory. During that time,
high arousal Ss were given an irrelevant difficult task (tracking a pur-
suit rotor while viewing the disk through a mirror). Low arousal Ss were

left in a darkened room (having been told that this was to check on the
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éffect of dark adaptation). The hypothesis which Batten reportedly was
tésting ("paired associates learned under low arousal will show high recall
soon after leafning bqt rapid forgetting; with high arousal recall wiil be
poor at first but better at the longer intervals") implied that it was the
arousal level at the time ofblearning which supposedly would affect sub-
sequent recall. By treating the high and low 20 and 45 minute recall

“groups differently in the period between learning and recall, Batten has
unddubtedly coﬁfounded ﬁhe effects 6n fecall of arousal during learning,
immediately after learning, and prior to recall. Thus, because of this
confounding effect, as well as the shortcomings of Batten's experiment re-
ferfed to above, no definite conclusions can be drawn from the results of
his research. It did suggest, hoﬁever, that the effects of pharmacologic-
ally préduced arousal should be separétely ascertained in a manner which
would.preélude any confounding with the effects of experimentally induced
arousal, 1In addition, Batten's work pointed to the necessity of deter-
mining the effects of arousal on recall in terms of the point in the

learning-recall sequence at which arousal is experimentally manipulated.

Levonian, 1967

In pa?t, at least, Levonian attempted to determine if tﬁe relation-
ship between arousal and recall, when arousal precedes information pres-
entation, is the same as that which obtains when arousal follows informa-
tion presentation. 1Levonian (p. 104) stated that "it cannot be assumed
that arouéal which follows information presentafion, as is the case in
the Michigan (Kleinsmith and Kaplan)’studies; has the same effect on re-
tention of that information as does arousal which precedes information

_presentation, as is often the case with continuously-presented classroom
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material," Thus, Levonian set out to determine empirically whether Klein-
gmith and Kaplan's (1963, 1964) results would emerge under typical ciass-
room conditions. He was able to avail himself of a "real" classroom sit-
uation, and on the day that a tréffic séfety film was scheduled for show-
ing in four high séhool_driver education classes, skin resistance-measures
were obtained from each of 83 pupils during the}actual viewing of the film.
A questionnaire was administered immediately‘after the film presentation,
as well as one week iater. Each of the 15 items on the questionnaire per-
tained.to infofmation presented at a specific point in the film. With this
as the mid-point of a one-minute interval, high arousal for a given student

was defined as a resistance decrement larger than half a standard deviation,

as based on his total (16080) resistance values standardized to unit vari-

ance, Results indicated that, even with continuously presented material,

%

information bresented during high arousal showed poor short term retention
and enhanced long term retention with low arousal arousal showing the con-
verse. . Specific implications of the results are spelled out by Levonian
(p. 111) as follows:

The results imply that the effect of arousal induction on retention
is independent of the mediator of the arousal increment: an identi-
fication was not made of the arousal mediators, which may have been
thoughts, film material, change in student position, etc. The study
made no distinction between an arousal increment whose mediator was
known (or presumed to be known) and an arousal increment whose medi-
ator was not known. ’ ,

In particular, the results imply that an arousal increment which
enhances the retention of Information A need not be mediated by In-
formation A, This point is supported by the fact that even when an
arousal increment preceded information presentation, a large incre=
ment enhanced long-term retention,

If the mediator of arousal induction is irrelevant, it would
seem that the effect of arousal induction on retention is independent
of the emotion associated with the arousal.
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Delayed Auditory Feedback Studies

Consolidation theory has received some additional support from a
~series of studies conducted by King and his associates in which arousal
Qas experimentally produced in a manner external to the learning situation.
His method of arousal induction was that of delayed auditory feedback (DAF).
As a result of an initial investigation in which King (1963) demonstrated
that the immediate recall of connected, meaningful material practised un-
- der 0.2 seconds of DAF was significantly poorer than that practised under
control conditions, several important issues arose,

King and Wolf (1965). One question pertinent to the present consideration

of studies stimulated by consolidation theorybwas raised by King and Wolf
(p. 131): WIf DAF does increase emogionality or arousal, a delayed recall
test shou1d>reflect an increase in retention of the material practised
under DAF." To determine if such were the case 42 Ss were run in one ex-
perimental and two control conditions. The Ss recalled a short story (5
paragraphs, 221 words) immediately after reading it and.again 24 hours
later. The physiological indicants of aroﬁsal monitored during the read-
ing were pulse rate and GSR.

The experimental group was subjected to 0.2-second DAF in the middle
section of the story., Shock of a moderate voltage was administered to the’
Ss in one control grqup/when they reached that part of the story at which
Ss in the experimental group were subjected to DAF. The other control
group received neither DAF nor shock during the reading of the story.

Both the experimental group and the control group that recieved shock
showed marked changes in GSR measurements during the reading of the middle
section of the story. With respect to pulse rate, no éignificant differ-

ences were found between the three sections of the story., Separate tests
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for each group, however, indicated that there were significant mean de-:

_creases in pulse rate for the experimental group and the control group
(which received neither DAF nor shock) between the second and third sec-
tions of the story.

| ‘Immediate recall scores were significantly poorer for the experiment-

al group as contrasted with those of each of the control groups. This

' effect was due almost exclusively to differences in recall of the middle
section of the story., No significant differences were found among the
three groups for accuracy of delayed recall. The major change in the de-
layed recall scores compared with the immediate ones was a sharp increase
in the accuracy of recall of the middle section by the experimental group.
Thus, the delayed.recall test did reflect an increase in the retention of
material practised under conditions of DAF. Such a finding is direction-

ally consistent with predictions from consolidation theory.

King and Dodge (1965). These investigators repeated the King and Wolf
study but used verbal recall rather than written. Similar results were
found, although the effects were somewhat weaker.

Harper and King (1967). An additional variable, that of time of auditory .

feedback delay, was manipulated in this further investigation of the effgcps
of DAF on immediate and delayed recall., Three groups of 20 Ss read and
later recalled a shoft story. The two experimental groups had a portion

of the story presented under DAF; one group had a delay of 0.2 seconds;

the other, 0.8 seconds. Immediate recalls were gathered from all S8s. 1In
addition, half the Ss gave a 15-minute delayed recall while the other half
gave a 30-minute delayed recall. Significant differences (p = 0.05) were

found in immediate recall scores, especially of the critical second para-
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graph, between the two experimental groups and the control group. Mean
recall scores for the two experimental‘groups were both approximately 14,
whereas that of the‘control>waé 25. No increase in recall was reported
for either experimental group atbthe 15;minute ory30§minute test, :

With referencé to their findings Harper and King (1967, p. 432)
stated, i'Clearly; the 15- and 30-minute time periods were not adequate to
allow whatever processes are operating in the increase in delayed reten~
tion." Their results are not surprising, however, when contrasted with
those of Kleinémith and Kaplan (1964) wherein it was found that the re-
versal of high arousal and/low arousal recall scores became . apparent be-
tween the 20-minute and 24-hour intervals,

Williams and Frinke (1968)., These investigators designed a study to test

King and Dodge's (1965) hypothesis that if delayed recalls alone_were ob-
tained, matefial présented under DAF would be recalled better than would
materialynot presented under DAF. They had 40 Ss read 36 nouns aloud 6
times under conditions of 0.2-seconds DAF, 4Q under conditions of synchro-
nous auditory feedback, and 40 under condition; of nb-apparatus. No dif-
ferences at significant levels between the three groups were noted in re-
cognition performance, For all groups delayed (24 hours) test scores were
lower than immediate test scores. No treatment x recall interval inter-
action was-qbserved for recall orkrecognition.

WilLiams and Frinke's resulté, then, did not support the hypoﬁhesis
being tested. In addition, these researchers stated that their results
question the generality of the findingsvof King and Wolf (1965) and King

and Dodge (1965) as well as those of Kleinsmith and Kaplan (1963) and

Walker and Tarte (1963). However, Williams and Frinke, themselves, pointed
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out that, in addition’to the obvious differences in materials and learn-
ing task between their experiment and those whose results they question,
there are ﬁpotentially important procedural differeﬁces.” In their study
the S was exposed to the learning méterial six times, while a single expo-
sure was used in the previous experiments. Also their study used the in-
tentionai approach rather than the incidental approach toylearning. They
were not clear as to how these differences would change predictions based
on the hypothesis advanced by Walker and Tarte (1963). On the basis of
McLean's findings (See p. .13), it can be assumed thét an intentional learn-
ing procedure does not deménstrably change the predictions, but may possib-
ly weaken the interaction effect,

Otﬂer procedural differences.notwithstanding, the most critical pro-
cedural difference between Williams and Frinke's investigation and those
whose results they question is the failure on the part of Williams and
Frinke to monitor any physiological indicants of arousal. Since King and
his associates did not use their physiological data in a very meaningful
way, the omission of such data from Williams é;d Ffinke's study does nof
preclude a rough comparison being drawn bwteen the results of their inves-
tigations. It must be stated, however, that without physiolbgical indic-
ants of arousal one cannot assume that the S was aroused under conditions
of DAF and synchronous auditory feedback and not under conditions of no-
apparatus., = Thus no meani‘ngf’ul comparison can be made between the results
of Williams and Frinke's investigation and those of Kleinsmith and Kaplan
(1963) and Walker and Tarte (1963) wherein physiological measures of

arousal were émployed.
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Berlyne and His Assoéiates, 1965, 1966

Berlyne and his associates were the second research team to in-
vestigate theveffects of arousal on immediate and delayed recall
using an arousal froducing procedure which was external to the learning
material. In their 1965 publication, Berlyne, Borsa, Craw and Gelman
reported two experiments. In the first, Ss were required to learn a
list of paired-associates by the anticipation method in three present-
ations. During the presentation §sbwere exposed to one of three noise
conditions: 72 db white noise, 58 db.white noise, no noise., On testing
immediately after the presentation of the paired-associates, it was
foﬁnd that the 58 db group fecalled slightly more associates than did
the no noise-group. The 72 db noise group, however, showed a significant
impairment in recall. These findings are consistent with those of
Kleinémith, Kaplan and Tarte (1963) which p£esented an inverted "U"
relationship betweén arousal and recall performance when the retention
test followed immediately after learning.-

In the second experiment reported by Berlyne and his associates
(1965), the abbve proceddre was also employed with the addition of a
delayed (24 hours) recall test, When white noise groups were collapsed
and compared with the no-noise group, it was found that the ﬁoise group's
immediate recall was significantly p5orer than tﬁe no-noise group., The
éffect wés completely reversed when recall was tested the following day.
Their results, then, are consistent with those of previous studies in
which the arousal-recall interval interaction phenomenon was demonstrated.
Nevertheless, a criticism is in order: no physiological measures were
employed; therefore, the assumed increase in arousal under conditions of

white noise is merely hypothetical,
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In 1966 Berlyne, Borsa, Hamacher and Koenig designed a studyito
determine the crucial time during which "arousal' has a facilitative
effect on recall, The procedure outlined above was again used,‘although
in this study four noise ‘conditions were employed: (1) white noise
(75 db) during the'stimglus and the stimulus-reéponse pairings; (2) white
noise during the intertrial intervals; (3) continuous white.ndise;
(4) no noise. Results indicated that white noise during the presentation
of the stimulus and respénse increased recall when recall was one day
later; Arousal during stimulus onset did not influence immediaté recall,
and white noise after the stimulus and response did not affect immediate
or delayed recall, Since the relationship which obtained betﬁeen
"arousal" at the time of paired-associate presentation and enhanced
delayed recall was statistically significant (p = 0.05), it can be con-
cluded that these results partially support predictions from cOn;olidation
theory. The criticism of the first two experiments reported by Berlyne
and his associates (1965) is:equally applicable here, however. Unless
physiological indicants of arousal are emplo?ed, it cannot be assumed,
with any great deal of assurance that differences in recall are

attribgtable to differences in arousal,

Malmo's Activation Hypothesis
Maimo‘(l959, p. 367) points out that there have been three main
lines of attack when it comes to the problem of activation: '(a) thro&gh
eléctroencephalography and neurophysiology, (b) through physiological
studies of '"behavioral genetics", and (c¢) through the learning theorists'
search for a sétisfactory measure of drive'", It is Malmo's own neuro-

psychologicallappfoach which provides part of the theoretical backdrop
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for the present investigation. It should be first pointed out that, in
using the term, "activation", Malmo is referring to the "intensive
dimension" of behavior, and that the term, "arousal”, is often used
interchangeably with "activation". This neuropsychological dimension is
described by Malmo (1959, p. 384) as follows:

The continuum extending from deep sleep at the low
activation end to "excited' states at the high
activation end is a function of the amount of cortical
bombardment by the ARAS, such that the greater the
cortical bombardment the higher the activation. The
shape of the curve relating level of performance to
~level of activation is that of an inverted U: from
low activation up to a point that is optimal for a given
performance or function, level of performance rises
monotonically with increasing activation level; but
past this optimal point the relationship becomes non-
monotonic: further increase beyond this point produces
fall in performance level, this fall being directly
related to the amount of the increase in level of
] activation,
© Schematically, the paradigm for experimental purposes which
Malmo ‘proposes is:
Activation Level: Low Moderate High
Expected Performance Level: Low Optimal Low
On the surface of it, this paradigm seems to be at variance with
predictions from consolidation theory. It should be borne in mind,
however, that Malmo has not been, either theoretically or empirically,
directly concerned with the study of memory. When the prediction of an
interaction between arousal level and recall interval generated by

Walker's (1958) action decrement theory is cojoined with Malmo's

activation hypothesis, the fdllowing relational matrix ensues:
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Arousal Level: Low/ Moderate High

Malmo's Expected
Performance Level: Low Optimal Low

Expected Immediate _ :
Recall Level: High Low

Expected Delayed
Recall Level: Low High

With Malmo (1959, p. 376),
It is important to keep in mind that the measure denoted
by '"moderate activation level" has meaning only in
relative (not absolute) terms. That is, the level is
Ymoderate'" because it is higher than that of the low
activation condition, and lower than the level of the
high activation condition.
It was this consideration of relativity which provided the rationale
for incorporating predictions from consolidation theory into the lower
right-hand four cells of the above matrix rather than the two lower
cells of the first and third columns.

Inspection of the matrix shows that Malmo's expected performance
level is not dissimilar to expected immediate recall level if Yoptimal"
and "high' .are considered to be relative terms. Thus, the two hypotheses
are not incompatible when performance on an immediate test is differentiated
from delayed performance. Some investigators (McLean, 1968, Klein-
smith, Kaplan and Tarte, 1963) have chosen to discuss the predicted
outcomes in terms of "performance" on the immediate test and '"learning"
on the delayed test. Kleinsmith et al., (1963) found that when the
confounding effects of active consolidation are eliminated by using a

long-term rather than a short-term recall interval, a strong positive

correlation between learning and arousal is obtained" (p. 396). Further,

they stated that: 2 é 76 0'}1
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The results of the present experiment coincide well with.
the empirically known facts that although a person may
actually "freeze" and perform very poorly in a highly -
arousing situation (inverted-U relationship between
arousal and performance), a person also tends to remember
most vividly those incidents in his life which were most
traumatic or arousing (positive relationship between
arousal and learning).
It is not one ofbthe purposes of the present investigation to
resélve the difficulties that surround the learning?performance dis-

" tinction, but it should be appreciated thaf differentiating between
immediate and.delayed recall performances may well be a fruitful
empirical approach to the untangling of performance and learning.

Empirical tests of Malmo's activation - expected performance
paradigm have employed électrophysiological monitoring of activation
(arousal) level. Such indicantsbof arousal have ranged from galvanic
skin response (GSR), heért fate, blood pressure, respiration,‘to
electroencephalographic (EEG) alpha rhythm. Until recently, the latter
meésuré was often the measure of choice among neurophysiologisté. Now,
however, "neurophysiological findings strongly suggest that it may be
possible to achieve more precise measurement of activation through a
direct recording of discharge by the ARAS into the cerebral.cortex"
(Malmo, 1959, p. 385). Unfortunately, such a proéedure has not always
been possible., Electrophysiological recording techﬁiques mére macro in
nature, however, have been used to advantage, And, if we cén assume with
Malmo (1959, p. 384) that "local increase in muscle tension somehow
produces an increase in thé general activation level, with rise in heart
rate and‘blood pressure, with fall in level of EEG alpha, and so on",

then tentative conclusions can be drawn from earlier studies concerned

with the effects of muscular tension on memory functioning.
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,,,,,, Muscular Tension and Recall: Research

Experiments relating muscular>tension to recall are perhéps the
first investigétions of the effects of arousal on memory. Smith
(1953), for instance, found that muscular tension declines @ore‘,

| _ following a completed than an incompleted task. Similarly, Forrest
(1959) found that the muscular tension aésociated with an incompleted
task was greater than that associated with a completed task. In
addition, he found that there was aAgreater recall of incompleted tasks
under nontensién conditions, and greater recall of completed tasks
undef tension cénditions.

Earlier investigators of dynamogenic factors influencing recall
(Courts, 1939, 1942) often had Ss learn verbal material while’
squeezing a dynamometer. Their recall was then compared wifh a group
who had learned without any increased muscular tension. Bourne (1955)
used a procedure so that the effects of tensibn on 1earning>could be
separated from the effects on retention. Tension (T) was appiied or
withheld (N) dufing both the iearning and recall phases of the experiment.
Four experimental gréups (T-T, N-N, T-N, N-T) were established and
five recall interyals (0, 30, 60, 120, 240 seconds) were employed. He
found that differences in recall between T-N and N-N and betweén T-T |
and N-T were not sigﬁificant at thé longest time integval of}four
minutes. In other words, tension applied during learning had no effect
on recall when tension was controlled during the recall phase, On the
other hand, there were significant differences in recall between the
N-T and the N-N groups, and between T-T and T-N groups. Recall under
tension was better than undér neutral conditions when degree éf tension

during original learning was controlled.
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In discussing his results, Bourne argued that previous differences
in recall under conditions of tension during learning were caused by the
ténsion persisting until the recall period, His findings seem to confirm
this interpretation. Over time the differences in recall between T and
N groups (learning) steadily decreased. After four minutes tension
applied dﬁring learning was expected to be completely dissipated; at
that point recall was found by Bourne to be almost identical befween'
groups learning under the two different conditioﬁs. He concludéd that
“tensioh facilitates response elicitation but does not alter habit
strength" (p. 421),
| Bourne interpreted his results within the Hullian (Hull, 1943)
behavioral framework and sees them as being in accord with the concept of
tension as drive., Malmo and students of activation (arousal) thé;fy
would.viéw Bourne's results/differently: "activation does not fit very
well into the’S-R formula" (Malmo, 1959, p. 385). "As the p?oduct of
interaction between internal (perhaps hormoﬁal)'conditions and external
stimulating ones; activation cannot be very reasonably classified as
either stimulus or response'" (Malmo, 1959, p. 374). Elsewhere (p. 370)
Malmo states: |
It is tempting to conclude that tension induction is
simply one of the many ways to increase activation
level, but as Courts' (1942) discussion suggests this
conclusion would be premature, It 1Is possible that
- squeezing on a dynanometer, a typical means of inducing
tension in these experiments, may produce generalized
activation effects. '
To determine if such were the case, Malmo suggests that the induced

tension experiments be repeated with simultaneous recording of EEG

and other physiological functions. The above suggestion notwithstanding,
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Malmo later states, ''generalizing from the induced tension ezperiments
(conducted by Malmo and his associates to assess the effects of increased
activation on localized Skeietél-muscle tension in psychiatric patients),
it seems reasonable to sdppose that a pétient's muscular tension ih.a
small focal area might have the general effect of increasing activation"
(p. 383).

When Malmo's supposition is taken into consideration, Boﬁrne's
results can be tentatively interpfeted to mean that increased arousal,
generalized frbm focalized muscle tension produced by gripping the
dynanometer, facilitated reéall since recall under "“tension" was better
than under neutral conditions., A replicationrof Bourne's (1955) study
with the employment of appropriate physiological indicants would be
required, however, before the above irnterpretation of his results could
be considered anything more than mere conjecture, Unfortunatel?, it was
not within the confines of the present investigation to conduct such a
replication., The use of an arousal producing aéent, the Rapid Discrimin-
ation Task (RDT); external to the learning maferial,vwhich has been
shown to increase local muscle tension, however, provides for rough

comparisons of results (See Chapter IV).

Rationale for Use of Rapid Discrimination Task
and "The War of the Ghosfs"
Levonian (1967), cited above, set out to determine empiriéally
Whether the interaction between arousal.level and recall interval found
in the Michiéan studies would emerge under typical classroom conditions,

"typified by lecture or film". It will be recalled that Levonian used

the film condition in his investigation. It should be borne in mind,
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"however, that the use of films in the classrooms of today is still
‘not that prevalent, and secondly, that the lecture is not the only.
alternative to the film for presenting information which is to be
remembered. McLuhan's (1964) contentions notwithstanding, the printed

| word continues fo be the major medium in which information is conveyed
in the present elementary and secondary school systems. It is in this
form that "The War of the Ghosts" was presented to subjects in the
pfesent investigation.

The rationale underlying the use of "The War of the‘Ghoéts”.is
threefold; First,kitbwas assumed that none of the Ss would be familiar
with the story siﬁce it is not readily available unlessba search of
the literature pertaining to the study of memory is embarked upon,
Secondly, as pointed out by Paul (1959, p. 9), "many of its épisodes and
themes are peculiar to Indian folklore, and to peoplé not familiar with
this folklore, the story is cryptic and the events seem.uncoﬁnected”.
Thus, not only t@e content, but also the style, would be unfamiliar to
the Ss. Thirdly, a scaling and factor analytic study of written recalls
(thé method also employed in the present study) of "The War of the
Ghosts'" was available (King, 1960). A major methodological difficulty
encountered in the study of memory for connected, meaningful méterial is
that of a rationally'based system of measuring the accuracy of recall,
In view of the fact that King demonstrated a method for establishing the
empirical validity of various scoring procedures using ”The War of the
Chosts" as the to-be-remembered material,.it seemed only reasonable to
use the same stimulus material. For these reasons, then, "The War of

the Ghosts" lent itself well to the purpose of the present study.
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Although it was not one of the stated purposes of this in-
vestigation to determine the applicability of the arousal recall interval
interaction to educational praétice, it is one of the obviocus directions
in which sﬁch a research'finding could fravel. Thus, a task not’tbo
unlikevthose preseﬁted to school children was in order. The ‘
discrimination réquired of tﬁe subject in the Rapid Discrimiﬁatiop Task
(RDT) originated by Belanger (1957) is not that dissimilar tb some
typical tasks engaged in by school children. Such similar tasks range
from certain "feading readiness" tests used in Kindergarten to dis-
crimination of geometric forms and the areas thereof required in
Junior High School Mathematics classes, Perhéps more important than
this consideration of application of results, was an interest in
determining whether the arousal recall interval interaction éoulq be
demonstratea>through‘the use of an external arousal producipg agent
other than DAF or white noise., Because of certain research findings
-which will be presented below, the RbT seemed well suited to such an
empirical test. ;
Research‘condgcted by Malmo and éis associates (Malmo,AShagass,
Belanger and Smith, 1951; Malmo, Shagass and Dévis, 1951), as well
as that of the originator of the RDT, Belanger (1957), indicated that
such-a task‘would produce the desired change in arousal level. The
original version of the RDT was described by Belanger as follows:
La situation ékperimentale stagit d'une épreuve de
discernement rapide des dimensions., Le sujet est
assis dans une chambre & demi-obscure. Devant lui
se trouve un &écran sur lequel on projette success-
ivement des images représentant six cercles dont les
dimensions varient l&gérement. Il doit découvrir

lequel des cercles est plus grand et le désigner par
son numero avant que l'image suivant soit projetée.
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Il a les doigts posés sur des boutons fixds sur les
. 7 ~ .
bras de sa chaise., Tout en donnant sa repose a voix
haute, il doit presser sur l'un de ces main gauche
(selon les instructions), S'il fait une erreur ou ne
répond pas & temps, l'experimentateur 1'avertit au moyen
d'un timbre (buzzer). L'épreuve comprend trois series
consecutive de vingt images, séparées l'une de l'autre
par des périodes de répos de 60 et 45 secondes, durant
lesquelles on demand au sujet de demeurer hbsolument
| , immobile. La premidre série est présentée sans arrét au
' rythme de cinq secondes par image, ce qui donne & la
majorité€ des sujets assez de temps pour emettre un jugement.,
Le temps de présentation est diminué€ 3 trois secondes par
image pour la deuxidme s&rie et & deux secondes pour la
troisiéme, ce qui rend la tiche tres difficile
(Belanger, 1957, p. 114).
In the pfesent study a modified version of the RDT was used.
This version incorporated two major changes. 'First, to control as
much as possible for the effects of experimenter-subject interaction,
which have been expertly investigated by Rosenthal (1966), the S
was not required to produce a verbal response, It has been found that
arousal level, as reflected in pupillary activity, is not demonstrably
different for a key press as compared with a verbal response when the
stimuli are ambiguous and non-ambiguous MMPI items responded to with
either a verbal or chedxkey press designating '"true" or '"false"
responses (Sweeney, 1968). Thus, button responses were employed. A
second modification was made in the RDT when results of pilot work
indicated that the successive presentation of 20 slides each at 5, 3,
and 2-second rates would be too lengthy for the purposes of -the present
study. One, immediate recalls were not obtainable until almost 20
minutes after the presentation of the story. Two, problems of
habituation of physiological responses became apparent, especially with

the use of a 5-second slide presentation rate. The 2-second presentation

of 30 slides appeared optimal both for arousal induction purposes as
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Qell as for allowing for earlier immediate recalls. These two
procedural changes, then, constituted the modifications made in the
RDT for its use in the present study.
| As for the RDT's arousal producing properties, these wére
, demonstrated in the pilot study as well as by Malmo et al. f1951a)
who found that mean arm tension rose during performance on the RDT.
It should be pointed out that these electromyographic (EMG) data
reflect much more tension than that required to press the response
bbutton. An experiment was carried out by Belanger (1957) to determine
. whether the increase of tension in the forearm/muscles during the
RDT could be attributed to the repeated finger movementé rather than
to the difficulty of the perceptual task. Accordingly, the latter
was reauced to the simple perception of clicks sounded at regular two-
second intervals. The S was required to press the button each time he
heard‘a click. Under these conditions there was no evidence of -
gradients in the muscles observed. Belanger (1957, b. 121) concludgd
that, "the gradient phenoﬁenoh is related, not to the motorqgspects of
the task, but to itsApsychological difficultyﬁ. It should also be
pointed out that increases invmuscle tension during pefformance on RDT
was found to be practically independent of accuracy of perceptual
performance (Malmo et al., 1951b). Furthermore, these investigators
found that the RDT éroduced a signifiéént drop in the number of
circulating lymphocytes. If it can be assumed, as it was by Malmovand
"his associates (i951b), and it is probably a valid assumption when the
extensive research conducted by Selye (1956) is taken into account, that
an objective indication of arousal is produced by the lymphocyte count,

then the RDT seems to be an appropriate method of increasing arousal.
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To ensure that such was the case, however, physiological reactivity was
monitored in the present investigation. Two physiclogical indicants

were chosen: heart rate (HR) and breathing rate (BR).

Rationale for Use of Two Arousal Indicants

The concepts. of individual response specificity and stimulus
specificity provide fhe rationalé for using two measures of arousal
rathérvthan only one, These concepts haveibeen borrowed from the field
of psychosomatic medicine. According to Lazarus (1966, p. 378), "a
sensitive organ system will lead to symptoms in that system when threat
from any source is prolonged or chronic'". Heladds that the implication
of such individual response specificity for physiological measurement
is that it is important to know, for any given individual, his most
sensitive or reactive autonomic indicator in order to compare his degree
of threat with that in another. For example, if the sensitive system
is respiration and the experimenter is measuring héart rate exciusively,
a somewhat misleadiﬁg estimate of arousal would be obtained.

Stimulus speéificity is a version of the concept '"that each kind of
threafbproducés its own characteristic pattern of symptoms" (Lazarus,
1966, ﬁ. 376).A Studies conducted by Lacey, Kagan, Lacey and Moés
(1963) providé significant support for the principle of stimulﬁs
specifiéity. They proposed that "cardiac deceleration accompanied andy
perﬁaps even facilitated ease of '"envirommental intake, whereas cardiac
acceleration accompanied or facilitated fejection of the environment"
(Lacey et al., 1963, p. 165). Since the design of the present study
allowed for informal tests of Lacey's proposal, predictions from it were

incorporated as ancillary expectations,
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Rationale for Use of Recollection Rating Scale |
Not only for purposes of determining whether Lacey and his
associates' (1963) proposed acceptance of environment-cardiac deceleration,
rejection of environment-cardiac acceleration phenoména could be‘
| demonstrated in the present study, but also becausé an accepting
attitude may well be more conducive to better retention than’a rejecting
one, it seemed desirable to attempt some kind of assessment of the
individualsubject's:"frame of mind" during the experimental session.
Although the construct herein employed is that of "aroﬁsal” rather than
"anxiety",‘ﬁith Hanfmann (1964, p. 63),
I would like to express my conviction that psyché-
logical methods of producing and studying anxiety
‘represent very promising avenues of approach to the
problem, but that their promise cannot be fulfilled
without much more attention being devoted to the analysis
of the inner state of each individual subject at the
time of testing and of his personal definition of the
situation and its meaning in the experimental setup.
Within the confines of the present investigation, this is equivalent
to saying that a more phenomenological approach'to the study of the
effects of arousal on retention is in order, or to advocating that some
aspects of the clinical method of investigation be incorporéted into the
experimental design. A factof-analytic study of the components of
emotion conducted bvacCarter (1961) lent itself to such an end.
McCarter designed his investigation to determine the comﬁonents of
emotion and to correlate those components with bsychiatric diagnoses.
He had 415 college students rate 80 recalled affects. Intercorrelations
of thé ratings generated an 80 x 80 maérix. Factor analysis yielded

four bipolar orthogonal factors: pleaséntness - unpleasantness, arousal -

indifference, acceptance - rejection, and comprehension - puzzlement.
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The factor structure supported the activation theory of emotion.

In his second experiment, McCarter had 40 sociopaths, 16 alcoholics,
10‘organic§3 13 paranoid schizophrenics? and 23 normals rate the gmotion
inltheir own early recollections on scales derived from the four above-
mentioned primary emotional factors. The comprehension facfor‘dis—
criminated best between the‘recalled emotion of normals and those of the
clinical groups. Although, for purposes of the pfesent investigation,
such-a difference was not of any major importance since only‘ﬁormals'were
employéd, it was conjectured that it would be that axis (comﬁfehension)
that would‘discriminate between those subjects who were to be gxposed
to.the ardusing situation (RDT) during the experimental seséion and the
control Ss. It was alsobexpected, of course, that the arousal dimension
would discriminate between the above mentioned two groups.

in addition to allowing for the making of such predictions, the
Reéollection Rating Scale (RRS), as a phenomenological instrument,
allowed for the assessment of the individual's "inner state'" during the
experiment propér. Because of the nature of the experimental design

only a tool such as the RRS which used recollections could be employed.

Integration qf the Literature and Statement of Hypothese%

‘The major theories of memory which were surveyed included those of
trace, interference and consolidation, Trace‘fheory has not attracted
much attention since McGeoch's (1932) major attack. And, although
interference has been shown to be a fertile explanation of forgetting
(Postman, 1961), it offers no clues to an undérstanding of incremental
changes which occur in the memory process, ~Consolidation theory, on the

other hand, provides an explanation of the development of memory.
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fresent day consolidation theory has as its base Walker's (1958) action
decrement theofy. This is a general theory which interrelates per-
severative consolidation, actieon decrement and arousal. The theory
proposes that the occﬁrrence of‘any psyéhological event resulﬁs ina
perseverative trace process which gradually establishes perméﬁént
memory at the expense of immediate memory (a process which serves to
protect theﬁconsolidatiﬁg trace from immediate interference) andlthat an
increase in arousal duriﬁg the associative event will produéé a ﬁore in-
tense trace activity, thus rendering the association less availéble for
immediate recall while consolidating it for greater permanent memory
(Walker and Tarte, 1963). |

The experimental hypothesis which tests consolidation theory stated
simply is that '"due to the phenomenon. of perseverative consolidation,

a pattern perceived under high arousal should show stronger perménent
memory and weaker immediate memory than a pattern accompanied by low
arousal" (Kleinsmith and Kapiaﬁ, 1963). The phenomenon has béen
demonstrated in a variety of experimental coﬁditions, including arousal
manipulated by learning material (Kleinsmith and Kaplan, 1963; Walker
and Ta?te, 1963), delayed auditory feedback (King and Wolf, 1965; King
and Dodge, 1965), white noise (Berlyne et al., 1965, 1966, McLean, 1968),
personality differences (McLean, 1968), drugs (Batten) 1967), and film
content (Levonian, 1967).

One of the major purposes of the present investigation was to
determine whether the arousal - recall interval interaction phenomenon
could be demonstrated when arousal was manipulated through the use of
a rapid aiscrimination task. Those studies (Kleinsmith and Kaplan,

1963; Walker and Tarte, 1963) which first demonstrated the interaction
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phenomenon relied on the arousal producing properties inherent in the
to-be-remembered stimulus material, The interaction effect was very
strong in the-Kleinsmith and Kaplan study, but much less so in the
secondbstudy of the arousal - recall interval phenomenon conducted by
Walker and Tarte, With the exception of MclLean's (1968) study; a part
of which was a replication of the Kleinsmith and Kaplan (1964) study,
the effect of arousal on recall was also not so stréng in those in-
Vesﬁigations in which arousal was ménipulated experimentally, Batten
(1967) reported that his results strongly resembled those of Kleinsmith
and Kaplan, but statistically significant differences were not found,
Beéause Batten did not monitor physiological arousal levels, however,
as well as the fact that there was a confounding of variableérin his
study, Batten's findings are inconlusive. This is doubly true as far
as thé latter criticism is concerned for, hot only was there a con-
founding’of the effects on recall of arousal during learning, iﬁmediately
af#er learning, and prior to recall, but also a éonfounding of the
effects 6f drﬁg induced arousal with those of experimentall? maniéulated
arousal, |

Other studies of thg effects of arousal on immediate and delayed
recall in which DAF was the external arousal produciﬁg agent presented
results which were directionally consistent with predictions from
consolidétion theory, but in which the effect was not very strong
(King and Wolf, 1965; King and Dodge, 1965). Another investigation
conducted by Williams and Frinke (1968) in which DAF was employed for
arousal purposes failed to produce the arousal recall interval phenomenon

in any way. Procedural differences between this investigation and those
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- conducted by King did not allow for direct comparisons, but it
- can be said that the findings generally are inconsistent, Since
 physiological indicants of arousal were not monitored in the Williams
and Frinke study, their findings can be considered inconclusivevas_far_
; : as any test of predictions from cbnsolidation theory are concerned.

Berlyne and his associates (1965, 1966) demonstréféd the inter-
action phenomenon using white noise for arousal purposes; as did
McLean (1968). Although Berlyne's work warrants the éame criticism as
that 1evelled‘at Batten's and Williams and Frinke's siﬁcé'physiological
measures were not employed, its findings are consistent'with McLean's
wherein the aroual - recall interval interaction was demonstrated
using white noise for arousal purposes and monitoring thaf arousal
physiologically. Thus, the criticism of Berlyne's experiménts need not
bé'so harsh. Nevgrtheless, unless physiologicai indicénts éf arousal
are employed, differences in recall cannot be directly a£tributed to
differenﬁes in‘arousal.

The above criticism of étudies in which arousal Qés*ek?erimentally
produced, notwithsténding, the general finding, with oﬁe exception
(Williamé and Frinke, 1968), has been that increased éfdusal at the time
of stimulus presentation impairs immediate recall, butﬂénhances delayéd
recall, whereas the opposite has generally been the case for "no arousal
conditions. To reiterate, one queStion which was posed by the current
study was: Can the arousal - recall interval interactioﬁ~be demonstrated
when arousal is experimentally produced thréugh the administration_of the
RDT? Crucial to this question is whether or not the RﬁT:can produce the

desired increase in arousal. Research carried out by Malmo and his
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‘associates (195la, 1951b), as well as by Belanger (1957), indicétes
-that the RDT has arousal producing qualities as evidenced in changes in
‘mean afm tension - chanées which reflect much more tension than that
required to press the response button, changes which were reiated, not
to the motor aspects of the task, but to its psychological difficulty -
as well as changes in number of circulating lymphocytes.
In the light of such evidence in support of the arousal producing
qualities of the RDT, it seemed reasonable to conclude that the RDT
“would prodﬁcelthe desired increase in arousal. It should be pointed out
that the RDT was modified for use in the current study. The modifications
(See p.32), however, were not expected to seriously alter the arousal
producing effects which previously obtained with its use. On the con-
trary, the choice of one-third the number of slide presentations was
expected’to curtail the previously noted habituation effects. It
should also be borne in mind that different indicants of arousal were
employed in the present study. Although HR and/or BR changes were not
expected merely‘because EMG aﬁd biochemical changes had atteﬁded RDT
presentation in the éast, they were expected if the general concept of
arousal éroposed by Malmo (1959) were tenable. In order to express
this expectation formally, the following hypothesis was proposed:
Hypothesis l.- The RDT will produce a signifiéanﬁ
increase in arousal as reflected in
changes in HR and/or BR.
Assuming that the RDT would produce the desired increase in arousal,
it was expected that the arousal - rgcall interval interaction would
obtain in a between condition analysis; that is, those Ss who were

exposed to the RDT in one of the treatment conditions were expected to
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éhow impairment of immediate recall, but enhancement of delayed recall,
whereaé the opposite was expected for the control Ss. In ofder to
express this expectation formally, the following hypothesis was
proposed:

Hypothesis II. Méterial presented during increased

arousal conditions will show poorer

immediate recall and stronger delayed

recall than material presented under

neutral conditions. )

' The second major question raised in the current investigation

was whether thé placement of the mediator of arousal at different
points in the learning-recall sequence would differentially affect
immediate and/or delayed recall. Levonian's (1967) findings suggest
that the effects are the same regardless of whether the arousal precedes
information presentation or follows immediately thereafter, King and
Wolf's (1965) results, on the other hand, suggest that arousal
immediatel& following information presentacién enhances delayed recall,
Whether the(improvement in delayed recall is due to tﬁe arousal producing
properties of DAF, or due to the fact that competing responses are set
into operation with DAF and contrisute to the ﬁoorer immediate recall,
is open to question. In view of the fact that both the DAF group and a
control group which received shock éhowed marked changes in CSR measure-
mentsrduring the crucial middle paragraph, whereés only the DAFvgroup
sﬁowed an increase in accuracy of delayed recall, it would appear
that the alternate explanation is possibly valid, Thus King and Wolf's
results did not provi&e an appropriate guide for predictions in the
current study. To return briefly to Levonian's negative results re-

garding the differential effects of the temporal placement of arousal,
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fentative conclusions of some predictive value could be drawn; for
example, increased arousal will not differentially affect immediate
and delayed recall when it precedes or follows immediately after the
presentation of to-be-remembered material. Berlyne and his associates
(1966) had produced results which also pointed to such a pfediction;
although they did state that '"the effects of arousal immediately after
learning are variable and complicated".

Unfortunately, direct parallels could not be drawn betwéen these
two studies in‘which arousal was‘manipulated in a relatively indirect
manner (film‘material or white noise) and the present investigation in
which arousal was produced through the administration of the RDT - a
task requiring the S's attention immediately before or after the
presentation of the to-be-remembered material or immediétely before
recall, Because of the nature of the task, and the very fact that it
was a task and not an incidental arousal producing agent, préaictions of
tﬁe variety of the one stated above did not seem to be reasonable.
Rather, it was expected that, because of the possible disrﬁption of
the consolidating process during RbT when the task came immediately
after story presentation, this group would show poorer immediéte and
delayed recall than would the groups having the RDT presented‘before the
story, before recall, or not at all. 1In order té formally express this
éxpectation, the following hypothesis was proposed:

Hypothesis I11I. Material whose presentation is immed-
iately followed by increased arousal
conditions will show poorer immediate
and delayed recall than material pre-
ceded by increased arousal conditions,
material whose recall is preceded by

increased arousal conditions, or material
presented under neutral conditions.
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The implications of Bourne's study which showed that increased
tension prior to recall enhanced recall (Sée p. 27 ) suggested another
expectation regarding differences in recall with variations in the
temporal placement of the mediator of arousal; viz., that the group to
wh&m the RDT was to be presented immediately before recall would show
better immediate and delayed recall than the control or other treatment
groups. In order to express this expectation formally, the following
hypothesis was proposed: |
Hypothesis 1V. Material whose recall ié immediately
preceded by increased arousal conditions
will show better immediate and delayed
recall than material preceded, or
followed by increased arousal conditions,
or material presented under neutral
conditions,
" The above stated hypotheses were formalized so that tests could
be made and possibly answers provided to the two major questions raised
by.the current study: (1) Can the interaction between arousal and
recall interval be demonstrated when arousal is experimentally produced
through the administration of the RDT? (2) Does the placement of the
mediator of arousal at different points in the learning-recall sequence
differentially affect immediate and/or delayed recall? Neither éf
these questions, however, lead to the generation of an hypothésis to
parallel the general experimental hypothesis which tests consolidation

theory, that is, the hypothesis which states that an increase in arousal

during presentation of to-be-remembered material will produce more

intense trace activity, thereby making the material less available for
immediate recall while consolidating it for improved delayed recall.

With but one exception, the pertinent literature surveyed supported
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this generél hypothesis. The reported effects were especially strong
in those studies in which either stimuli or Ss were ordered iﬁto YWhigh
or "low" conditions on the basis of physiological reactivity during-the
actual presentation of the stimulus'material. In view of the positive
results of such a procedure, as well as the fact that it allows for
valid assﬁmptions regarding the relationship between arousal and recall,
it seemed wise to include this approach in the current study. Although
methodological differences between fhose studies cited in suppbrt of
the "consolidation hypothesis'" and the present investigation are ﬁany,
it was assumed that, if the interaction between arousal and recall interval
were a generalizable phenomenon (and the breadth and variety of the
related research surveyéd suggested that this was the case), the
phenomenon would occur in the present study. In other words, it Qas
expecfed that those Ss who showed '"high aréusal“ (marked changes in
HR and/or BR) during the story preéentation would produce poorer
immediate recalls, but better delayed recalls than would the "low
arousal" groupr(those Ss who showed little or no change in HR and/or BR |
during story presentation. In order té express this expectation formally,
the following hypothesis was proposed:
Hypothesis y; Material presented during "high" arousal
< will show poorer immediate recall and

stronger delayed recall than material
presented during "low' arousal,

These five hypotheses reflect the major predictions generated by
the theoretical and empirical literature herein considered, It should
be recalled, however, that ancillary expectations related to the

phenomenological aspécts of the current.study were also proposed

(See p. 36 ). Briefly restated those expectations were as follows:
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(1)

(2)

(3)

(4)

(5)

Those Ss who show cardiac deceleration (decrease in

HR) will recollect that they felt more accepting
during the experiment than those Ss who show cardiac
acceleration (increase in HR) who will recollect that
they felt more rejecting.

Those Ss exposed to the RDT during the experiment
will recollect that they felt less comprehending
than will the controls.

Those Ss exposed to the RDT will recollect that they
felt more aroused than will the controls,

Those Ss who recollect that they felt more accepting
during the experiment will show better recall than
those Ss who recollect that they felt more rejecting.

Those Ss who are ordered into the "high" arousal
condition on the basis of HR and/or BR changes at
the time of story presentation will recollect that
they felt more aroused than will those Ss who are
ordered into the "low'" arousal condition,
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CHAPTER 11

METHODOLOGY AND PROCEDURE

| Subjects

The Ss employed‘in this stﬁdy were 28 undergraduate students
enrolled in the Extension Division of the University of Windéor. The
age range of the Ss was from 19 to 29 years, with a mean age of 22.71.
The sample was ;omprised of 16 females and 12 males. |

Each of the 16 females was randomly assigned to one of the fqllow—
.ing four conditions: (1) control, (2) arousal prestory, (3) arousal
post-story, (4) arou;al pre-recall, ' The males were likewise éssigned
so that there were 4 females and 3 males in each treatment group. A
total of 31 Ss had participated in the experiment, but data from 3 Ss
had to be discarded becauée of apparatus failure in one case and
complete misunderstanding of instructions in'two others.

All Ss were naive as to the nature of the experiment and had no
previbus expefience in the physiological laboratory. They weré’not
reimbufsed fof participating in the experiment and were free to refuse
when-contaqtéd one day in advance of the experimental session. They

were, however,,requésted to return on the day following the initial
session, -
Apparatus

A standard Offner eight-channel, ink-recording TYPE R DYNOGRAPH

was employed to measure, amplify, and record the physiological indicants

46
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éf arousal. Channels 2 and 6 were used, the former to record HR and the
latter, BR. Each of these channels was functionally comprised of an
input selector, input coupler, pre-amplifier, amplifier, zero‘setting
control, and an ink-recording unit. The couplers were specific to the
task; i.e., a Carditachometer Coupler (Type 9851) was used to record
HR and a Strain Gage Coupler (Type 9803) was used to record BR. .

In addition to the eight ink-recording units, the Dynograph was
equipped with two event-marker pens. One of these was employed to
record the S's responses to the RDT; the other recorded the experimenﬁer's
(E's) presentation of a tone when an incorrect response to a RDT
slide was made by the S. The onset and offset of each slide in the
RDT was also recorded. Channel 8 was used for this purpose witﬁ a
standard Type 4818 preamplifier as the input coupler employed. An
example of recordings made by each of the ink-recording units of the 3
channels employed, aé well as those made by the event—mgrker pens, is
presénted in Figure 1. .

Offner Type 350069 surface electrodes were used to monitor HR,
and an Offner Type 7001 Respiration Transducer, to gauge BR. Beckman,
Offner electrode paste was the conduction medium employed. A Bausch
and Lomb "Balomatic" 500 slide projector was used to present the RDT
slides, Hunter timefs in conjunction with the '"semi-automatic' trig-
gering aevice of the projector were utilized to control slide presén-
tation time., The timing was within 1/30 second as recorded by the res-
ponses o£ a photo-electric cell which was mounted on the top of the
slide projector in a position which allowed it to pick up the light re-

flectance from the two-way mirror through which the light travelled
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during slide presengatioﬁ. As mentioned aboVe, channel 8 of the dynograph'
was used to amplify and record the photo-electric cell's responses,

A six-button response éanél whose circuitry made connections with a
six-light response consoie as well as with the Dynogfaph recorder’had been
constructed to spe;ification for the purposes of the current study. The
éircuitronf thié apparatus was such that a depressing 6f response button
1 would automatically acti&ate response light 1 and trigger a deflection
in the event-marker pen recording of the S's response. Response button 2
was connected with response light 2, button 3, with light 3, and so on.

In addition to the six response lights on fhe response console, there was
a button which on depressing would activate én RCA Audio-generator and
Amplifier to produce a clearly audigie, but nonnoxious tone at a frequency
of 1000 Hertz (Hz.). Depressing this tone button also triggered a deflec-
tion in the évent-marker pen recording of tone presentation. Standard
laboratory earphones were used to deliver the tone. To preclude an ﬁn—
necessary encumbrance of the §, the earéhones were hung on a rackidirectly
beside the S's head.

A twelve-volt standard automobile battery provided direct electrical
current to poWer the response panél and console as well as the audio-gener-
ator and amplifier., Additional apparatus used in the experimenf included
a standard'plug board, a chair and two tables. The plug board, situated
on the back of the S's chair, allowed for connections between the elec&rodes
and the dynograph. A direét connection was made from the Respiration Trans-
ducer to the dynograph. The S's chair was a standard laboratory armchair
(wooden). with a cushion covering the back and-seat as an aid to comfort.

The two tables, one on which the S rested his arms, the other on which
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were situated the slide projector, response console, and audio-generator
and amplifier, -completed the apparatus. A schematic diagram of the appar-

atus which depicts its approximate physical arrangemeﬁt appears in Figure 2,

Materials

The material for Ehe RDT consisted‘of 30 slides which were pgoduced
by photographing (5 times) 6 stgmulus cards. For illustrative pufposes,
one of the stimulus cards is reProduced in Figure 3 showing the actual sige
of the circles - 11/16 inch in radius with the exception of the larger cirele
(2) which has ; radius of 23/32 inéh. On each of the other 5 cards the
larger circle appeared in é different position. The slides wére identified
by the number of the larger circle., Using a table of random numbers, the
order.of présentation of the slides, which appears in Appendix A, was de-
termiﬁed. A restriction factor was applied to the randomization process:
slides with the larger circle in the same position were not allowed to ap-
pear in succession,

A’typed copy of the story, "Tﬂe Waf of the Ghosts", as sﬁéwﬁ‘in Appen-
dix B was encased in a clear plaétic folder for presentation. This version
of théfstory is essentially that used by Bartlett (1932), although it in-
corporétes soﬁe minor changes made by Papageorgis and Tyler (1966). Lined
manuscript.péper and pens were provided for the writing of recails.

McCarter's (1961) Recollection Rating Scale (RRS) was adapted for use
étlboth immediate and delayed récall. The modified version of the RRS as

it was presented to the S appears in Appendix C.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



51

19

o
” >
o
3
b=
/ 3
Z L
L-D__%7 8
I S .
i1
QD 12 13 16
11 17
]
18

Figure 2. Schematic diagram of the physical arrangement of

the experimental apparatus.

1, Wall area used as screen 11.
2. Experimental room iz.
3. Table 13.
L, 'Response panel

5. Armchair 14,
6. Plug board 15.
7. Earphones 16.
8. Lead porthole 17.
9, Two-way mirror 18.
10 19,

Hunter timers

(Not drawn to scale)

Photo~-electric cell
Slide projector
Audio-generator and
amplifier

Table

Response console
Dynograph recorder.
Dynograph console
Control room
Preparation room
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Procedure -

All Ss were run individually in the afternoon hours during the month
of August. The laboratory complex in which the experiment was conducted
had thermostat controlled air conditioning. The thermostat was set at 70
degree Fahrenheit and remained at that setting for the duration of the ex-
periment; All Ss appeared either on time or a few minutes ahead of sched-
ule, If the latter were the case, a sign outside the laboratory indicated
that experimentation was ongoing at that moment, but that the S was to be
seated until his scheduled appointment time. At the appointed hour (12:00,
1:30, 3:00 or 4:30) the S was greeted and ushered into the preparation
room. There the S was prepared for the physiological recording by cleans-
ing with "Phisohex" and then swabbing with rubbing alcohol the radial reg-
ion of the left wrist (right, if S were left-handed), the junction of the
medial and outer two-thirds of the left forearm (right, if S were left-
handed), and a lateral area of the lower right leg (left, if S were left-

~handed). Using Offner electrode paste, the electrodes were applied to
the cleansed areas and secured with adhesive collars., During this prepara-
tion period the following information was conveyed to the §:
I am conducting a physiological study as my doctoral ‘research,

The purpose of this research is the determination of any differences

in physiological responses which occur when an individual is involved

in different activities. The responses that I am interested in are

HR and BR. 1In order to record HR it is necessary to apply these el=

ectrodes which will pick up your heart beat, They are very sensitive

electrodes, so sensitive that they need not be applied to the chest
region, but rather will pick up your heart beat when they are applied
to your arm and leg. In order to ensure clear recording, however, it
is necessary to cleanse your skin where the electrodes are going to
placed. '

The basic principle underlying electrophysiological recording is
very straightforward.  Your muscles are activated by electrochemical

processes which originate in your brain and are conducted by neurons
to your muscles. Your heart is like a very large muscle, and the
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electrical activity involved in its beating will be picked
up by these electrodes, ‘

To measure your breathing 1 will be putting a strain
gauge on you when we go into the recording room. It is
like a belt which expands and contracts as you breath in
and out. - o ’

When the electrodes had beon applied, the S was ushered into the ex-
perimental room and comfortably seated. Here the Respiration Transducer
was attached to the S (See Figure‘4) ahd connections made.from the
electrodes to the plug board. The S was then asked to relax while E
made adjustments on the recordiné equipment. = This "adjustment' period
was of approximately seven minutes duration. During the first two or
tﬁree minutes there was some verbal communication between E and S; for
example, E requested S to take a deep breath in order to asoertain the
direction of inhalation and expiration on the BR recording;.”As soon as
the nécessary adjustments were made to the Strain Gauge and Cérdio-
tachometer Coupleré, the recording rate was set at 10 millimeters per
seoond. This marked the beginning'of the experiment proper. HR and BR
measures recorded during the last 10 seconds of the fourth minute of the
experimental period oeoame thekioitial basal readings.

~Since‘the timiﬁg of information input; i.e., the presentation of the
story, as well as the timing of the arousal oroducing task (RDT), was oru-
cial to the experiment, procedural variations which occurred in each of
the four conditions can be best conceptualized within a temporol framework,
Figure 5 is a schematic representation.of the relationéhip botween arousal
input and information input over time for the four groups. Inspection of
Figure 5 shows that all Ss, regardless of condition, were pfesented with

the story at 7.5 minutes and asked for recalls at 17.5 minutes. Instruct-

ions accompanying the presentation of the story were:
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I would like you to read this story, carefully, twice. When you
- have finished reading it the second time, please press this button
(response button 1 on the panel in front of the S was indicated).
The E then returned to the control Toom. "When the event-mafker pen re-
cording S's reponses showed a deflection, E immediately returned to the
experimental room to retrieve the story. E picked up the story with a
"thank you'" and immediately returned to the control room unless the S
was in the Arousal Poét-Story condition., If the latter were the case,
the § would be immediately presented with the instructions for the RDT
which were as follows:

Your task in this part of the experiment is to judge the size of
circles, On this wall (wall which § was facing was indicated) will
be projected slides like this one (one of the stimulus cards like that
shown in Figure 3 was briefly presented) with six circles. On each
slide, one of the circles is slightly larger than the other five,

Your task is to decide which circle is larger and indicate your choice
by pressing the appropriate button here (response panel was indicated).

Please note that the circles on the slides will appear in two rows
like this (stimulus card was again briefly presented), whereas the res-
ponse buttons on your panel are in one row. Remember, your task is
to choose the larger circle and press the appropriate button. Do you
have any questions? :

Any questions asked by S were answered by reiterating that portion of
the instructions pertaining to the question. The ekperimenfal room was
then darkened and the slidévprojector activated to present the slides in
the order shown in Appendix A. Exposure time of each slide was 2.00 seconds;
slide exchange time was 2.30 seconds. Allowing time for instructions,
approximately 3.50 minutes were required for RDT presentation.

The S§s in the Pre-Story condition received instructions and RDT pres-
entation in the period between the end of the initial basal period of 4

minutes and the presentation of the story at 7.3 minutes, Pre-Recall Ss

were presented with the RDT at 14 minutés; i.e., immediately before immed-
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iat recall. To this groﬁp the RDT was also presented immediately before
recali on the following day.

Instructions presented to all Ss at 17.5 minutésvwhich marked the;
beginning of immediate recall (IR) were:

Your task now is to reproduce, as completely and as
accurately as possible the, story which you read,

Lined manuscript paper and two pens were placed on the S's table and a
. response button was indicated as the following additional instructional
statement was made:

Please press the button to signal when you have finished
writing the story.

When the event-marker pen recording of S's responée'signalled com-
pletion, E returned to the experimental room, collected the story re-
production, and asked S to’complete the RRS. When § indicated his com-
pletién of the RRS, E returned andrstated:v

Thank you. Please relax now while T take some further recordings.
Four minutes later dynograph switches were turned to "off" positions and
E entered the experimental room, disconnected the electrodes, removed
the strain gauge, and then ushered S into the preparation room. There
the electrodes were carefully removed and the skin cleénsed and swabbed
with alcohol. The S was thanked for participating and'the following
request was made:

| My exﬁeriment requires that furthér recordings 5e taken
the day following the first part of the experiment, I
would appreciate it very much if you could return tomorrow
at _ o'clock. The recording session tomorrow will take
less than half an hour,
On the S's return the following day, he was taken immediately into

the experimental room, asked to be seated, and the Respiration Transducer

was attached. Then the following statements were made by E:
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Today, 1 shall jﬁst be taking breathing measures. Please relax
now while I make some adjustments to the recorder.

As soon as the'necessary adjustments were made to £he Strain Gauge Coupler,
the recording rate was sgt at 10 millimeters per second. This marked the
beginning of a four-minute basal period. At the end of that time, E entered
the:experimental_room and announced the followiné: |

Your task today is to reproduce, as completely and as accurately
as possible, the story which you read while you were here yesterday.

Paper and pens were again provided and the S requested to signal his comple-
btion by pressing one of the response buttons., Then the S was asked to com-
plete.thé-RRS with the remiﬁder that he was tb rate the feelings which he
had during the experiment on the previous day. A four-minute post-experi-
mental period followed, after which the Respiration Transducer was removed.
The S was again thanked fgr his participation and cautioned‘against discus-

sing the nature of the research with fellow students.

Scoring Procedures
Recall Scoring
The 56 reproductions (recalls) of "The War of the Ghosts'" were scored
by E,”as well as'by a colleague, by each of the following four methods:
content words.(CW), words produced (WP), words to maximum (WM), and words
scored once (WO).

Content words. By this écoring procedure, as used by King (1960), all ar-

ticles, conjunctions and prepositions were eliminated from the original
sfory (See Appendix D) and the recails checked to determine the presence
of the remaining content words. To be scored in the recall, the wérd had
to be exactly as presented in the original except for minor spelling varia-

tions. No penalty was awarded for words being out of sequence or for the
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presence of words not in‘ the original story. There was no limit to the :
numbér of times that a recalled word was coﬁnted; for example, a recall
might have had the word, "“ghosts'", present four times, whereas the original

story used the word only three times, yet credit was given for four.

; Words produced. This score was arrived at by simply counting the number

of words that the S used in writing his reproduction,

Words to maximum. Content words, as defined above, were scored within the

limit of their frequency in the 6rigina1 story.

Words scored once. Content words used in the recall were scored once only

regardless of their frequehcy in the original story or reproduction.

Scoring of Physiological Responses

Sampleé, 10 seconds in durafion, of each S's record were drawn from
the following points: tefmination of ‘the initial four-minute basal period;
commencement, mid-point, and termination of the story reading; commence-
meﬁt, mid-point, and termination of RDT; commencement, mid—point, and ter-
mination of IR; and termination of the four-minute post-experimental period..
Thus, 11 samples were taken from the record of each § in the three treat-
ment groups. From the records of control §s,vhowever, 17 sémples were re-
quired., This was due to the fact that these §s‘served as controls for
each of the treatment groups, and therefore 9, rather than 3, samples were
needed from the periods which corresponded in time with RDT presentation
to the treatment groups.

A 10-second sample taken from S._'s record, as shown in Figure 6, will

15
serve to.demonstrate the scoring procedure employed. The sample shown fell

within the 10-second interval immediately following the mid-point in RDT

presentation. Thus, along with the recording of S's heart beat in Channel
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2 and breathing in Channel 6, there appears the RDT slides on and
off recorded times, as well as the S's time of response to those slides.
The actual calculations used to arrive at HR and breathing scorés are

outlined below.

Scoring of HR
The QRS wave (See Figure 6) represents one beat of’the S's heart.
. To facilitate scoring, however, the Rs (peaks) only wefe counted.

Since the recording speed was 10 millimetres per second, the total

number of Rs in the sampled 10-second period was multipled by 6 to

arrive at the HR score which is a measure of the number of times the
- heart beaﬁnper minute. Sjg's heart beat 14 times in the sampled 10-

;econdiintefval. When this Valﬁe was multiplied by 6; a HR recording of

84 resulted,

Scoring'otBreathinglﬂeasures

| To establish reliable breathing scores, at least two complete in-
spiration-exhaiation cycles were measured. In Figure 6 the first
breathiné cycle is labelled M - Py - N, and the second, N - B, - 0.

The distance, 41 millimetres, between M and N represents the time
required for one complete breathing cycle; the distance, 31 millimetres;
between N and O represents the time‘requiréd to complete the subsequent
breathing cycle. At the recording rate of 10 millimetrés per second,
the total distance between M and O (72 millimetres) represents 7.2
seconds. In order to arrive at a breathing rate (BR) invﬁerms of

number of complete cycles per minute, 60 was divided by 7.2 and multiplied

by 2. These calculations resulted in a BR score of 16.67 which indicates

.
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that the S was breathing at the rate of 16,67 cycles per minute.

In addition to BR, amplitude measures were also taken. With
reference to Figure 6 again, the depth of breathing during'the first
sampled cycle (M - N) is represented by M - P, which is the maximum

f' linear displacement of the recording pen produced by inhalation. In
the second cycle the amplitude is represented by N - P,. Taken to the
~ nearest millimetre, these displacements were measured at 24 millimetres
each, Thus, the amplitude or depth of breathing (DB) measure at this
‘ point in §15's record was 24, Displacement measures were not always
the same, however, for the two or more cycles measured in any sample.
Thus, the mean DB value of the two or more cycles in thé sample became

the DB score for that sample,

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



CHAPTER II1 |
PRESENTATION AND ANALYSES OF'RESULTS

The experimen£al results which are concerned with the arousal
prﬁducing properfies of the RDT (Hypothesis 1) are presented first,
followed by those which pertain to the predicted interacﬁion between
arousal condition and recall interval (Hypothesis I1), and those related
.to expectations regarding the effects of time of arousal on recall
(Hypotheses III and IV). 1In the fourth section are results pertaining
to the predicted interaction between arousal level and recall interval
(Hypothesis V), Each of these four sections is followed by a short
summary of the results therein contained. In the fifth section are
presented thé phenomenological fiﬂdings, followed by a section devoted

to additional relevant results,

Hypothesis 1

It>was hypothesized (Hypothesis 1) that the RDT would produce a
significant iﬁcrease in arousal as reflected in changes in HR and/or
BR. Béﬁore analyses which test this hypothesis could be presented,
however, it‘wéé first necessary to‘determine for each § basal rates from
which changes in HR and/or BR could be measured. The means of measures,
taken during the initial four-minute basal period and those taken
during the four-minute post-experimental period were considered
appropriate measures to use as bases since they controlled for minor

variations in physiological responses over time. Significant differences
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in those variations, however, would preclude their use as reliable
basai scores, Therefore, the basal‘readings, which appear in Appendix
E, were subjeéted to analyses. The first of these analyses, a two-way
analysis of variance with arousal condition and time as the main effects
was carried out for the HR basal réadings. As presented in Téble 1,
the summéry of,this.analysis indicates that the F ratios for the main
effects were not significant. Nor was the interaction term significant.
Thué, it could be safely assumed thét the groups did not differ in HR
during the basal periods, and secondly, that HR did not differ significantly

from initial to terminal basal readings.

Table 1

Two-Way Analysis of Variance of HR Basal Measures
With Arousal and Time as Main Effects

Source df Mean Square F Ratio
Arousal (A) 3 460,21 1.45

Error (a) 24 317.86

Time (T) ' 1 - 27.16 1.21

AT 3 35.64 1.59

Error (t) 24 A 22.43

A two-way analysis of variance with arousal condition and time as
the main effects was: also carried out for the BR basal readings. A
summary of thié analysis appears in Table 2., The F ratios for arousal
and the interaction were not significant, but the F ratio for time was

significant at the 0.05 level indicating that BR measures differed
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-significantly from the initial to the terminal base periods,

Table 2

Two-Way Analysis of Variance of BR Basal Measures
With Arousdl and Time as Main Effects

Source _ " df Mean Square | F Ratio
Arousal (A) | 3 | 61.62 1,60
Error (a) 24 38.54
Time (T) 1 26.80 4, 46%
AT | 3 3.01 0.50
Error (t) 24 6.01

*F gs(1,24) = 4,26

Having established that there were no significént differences
between the initial and terminal HR basal readings, a mean of these two
measures was calculted for each S and designated his basal HR. These
means appear in Appendix F. Because BR was fouﬁd to differ significantly
from the initial to the terminal basal readings, means were not cal-
culated, and BR measures per se were not subjected to any further
analyses,

Aaditional breathing measures, viz., depth of breathing (DB),
were made a.’t‘ each point in the r’ecords where BR and HR samples had been
taken. These DB measures, when multiplied by corresponding BR measures,
produced approximate volume measures, i.e., BR x DB was a measure of the
amount of air inhaled and exhaled per minute, As a prerequisite to

y

the establishment of mean BR x DB basal measures, a two-way analysis of
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variance with arousal and time as the main effects was carried out for
the BR x D3 measures resulting from the initial and terminal BRs and
DBs. ‘A summary of this analysis appears in-Table 3; None of the F
ratios was significant which indicétes that BR x DB values did not vary
significantly across the arousal groups or the basal readiﬁg times.

Having established that BR x DBs calculated from the initial
basal period did not differ significantly from those célculated from
the terminal basal period,ﬁﬁeans of these two measures were calculated

for all Ss and designated basal BR x DB values. These means appear

in Appendix F.

Table 3

Two-Way Analysis of Variance of BR x DB Basal Measures
With Arousal and Time as Main Effects

.Source df Mean Square . F Ratio
Arousal (A) 3 : 13,620.30 | 0.64
Error (a) 24 . 21,367.43

Time (T) | 1 ' 61.89 0.03
AT 3 435.84 0;23
Error (t) 24 | 1,910.74

Arousal During RDT

Absolute changes from mean HR and BR x DB scores were calculated
for each S from the raw data thch appears in Appendix E. Treatment
group mean chaﬁge in HR, as well as changes calculated for the control

group at the three different temporal points, are presented graphically
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in Figure 7.. The controi group ganifested the least change in HR, al-
thouéh there were variations in absolute change from base across the
three recording points as wéll'as during each temporal interval, The
fact that such changes in HR were shownhby the control group_indicates
that the experimenﬁal situaﬁion, without the presentation of RDT was
in part arousing;. On the whole, however, the experimental groups showed
greater HR changes, although changes at the beginning of RDT presentation
for the Pre;Story and Post-Story groups are not markedly different from
those for Contfols 2 and 3. Changes at the mid-point and end of the
RDT presentation, however, vary considerably. The Pre-Recall group
showed the greatest HR change although the péttern across the three
recording points is very similar to that manifested by the Post-Story
group.

To determine whethef'the differences in HR changes ﬁoted in.Figﬁre
7 were statistically significant, four analyses of variance were carried
out for HR changes during RDT presentation. The first of these analyseé,

a summary of which appears in Table 4, is a two-way analysis of variance

Table 4

Two—Way'Analysis of Variance of HR Changes During RDT
: With Treatment; and Time as Main Effects

Source . - df Mean Square = F Ratio
Treatment (Tr) 1 106.88 2,40
Error (tr) 12 44,55

Time (T) 2 13.16 2,18
Tr x T 2 2.60 0.43

Error (t) 24 6.05
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with treatment; and time.as main effects., The Evratios were not sig-
nifiéant indicating that HR changes did not vary significantly between
the Control and Pre-Story groups nor over time during the presentation
of RDT. Hypothesis I, which predicted ; significant’increasevin arousal
as reflected in HR.changes during RDT presentation, was therefore not
upheld in this case.

Another two-way analysis of variance with treatment, and time as
the main effects was performed for the HR changes during RDT. A‘summary :
of this analysis, which is presented in Table 5, presents a significant
(p = 0,05) F ratio for treaﬁment. This statistical finding indicates that
HR changes in the Post-Sfory group were significantly greater than
those in thé Control group. Thus Hypothesis I was upheld in this case.
In other words, the RDT will produce a significént increase in arousal
as reflected in absolute change iﬁ HR, when it is presented immediately

after the story.

-Table 5

Two-Way Analysis of Variance of HR Changes During RDT
With Treatment, and Time as Main Effects

Source df Mean Square F Ratio
 Treatment (Tr) 1 197.17 9.09%

Error (tr) 12 - 21.69 |

Time (T) 2 6.74 0.33

Tr x T 2 5045 2445

Error (t) o 24 20.60

* F.95(1,12) = 4,75
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The third two-way analysis of variance which was carried out for
"HR changes during RDT presentation time had treatment3 and time as
main effects.' The summary of this analysis, presented in Table 6, shows
no statistically significant findings as far as HR changes, which
| occurred during RDTVpresentation to the Pre-Recall group, when compared
with those éhanges in HR occurring at the same time in the Control

group. Thus Hypothesis 1 was not upheld in this case,

Table 6

Two-Way ‘Analysis of Variance of HR Changes During RDT
With Treatmentq and Time as Main Effects

Saurce df Mean Square vF Ratio
Treatmentv(Tr) | 1 493.71 3.17
Error (tr) 12 155.57

Time (T) 2 8.36 0.52
Tr x T 2 25.08 1.57
Error (t) ' | 24 15;96

'Mean absoluté BR x DB changes shown by the three treatment groups
and the Control group at the three recording intervals during the
presentation of RDT are presented graphically in Figure 8. As was
the case with HR changes during RDT, BR x DB chaﬁges for the Control
group were smaller than those for the treatment groups. For the Conttols;
however, there were variations in mean absolute change in BR x DB
scores across the threé recording intervals. On the whole, the treat-

ment groups demonstrated somewhat similar variation, although at higher
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levels of absolute change. The variations across the recording intervals
for any one of the treatment groups, however, were not similar to those
of its oWn Coﬁtrol; eg., Pre-Story showed little change in mean
absolute BR x DB change from the beginning to the mid—poinﬁ in RDT
presentation, but a decrease from the mid-point to the end, whereas its
control,IContrOIl, manifested an increase in mean BR x DB change across
the three recording intervals,

To determine whether the differences in mean absolute BR x DB
chénges noted in Figure 8 were statistically significant and thereby
test Hypothesis I as it pertains to breathing changes, three analyses
of variancé were conduéted.‘ The first of these analyses, a summary of
which appears in Table 8, is a twé—way analysis of variance with treat-

ment; and time as the main effects. None of the F ratios was significant

Table 8

Two-Way Analysis of Variance of BR x DB Changes During RDT
With Treatment; and Time as Main Effects

Source ; ' : df ‘Mean Square F Ratio
Treatment (Tr) 1 11,934.86 S 2,12
Error (tr) 12 ' 5,627.57

Time (T) 2  87.89 0.05
Tr x T >2 1,146.72 0.60
Error (t) 24 © 1,903.07
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indicating that Pre-Stor& and Control BR x DB changes did not differ
significantly nor vary over gime during the period of RDT presentation.
Thus, Hypotheéis I, which predicted significant increases in arousal
as reflected in brgathing changes during RDT, was not upheld in this
case.

Similar finaings resulted when BR x DB changes shown by Control,
and Post-Story groups were/spbjected to a two-way analysis of variance
with treétmentz and time as main effects. A summary of this analysis

appears in Table 9. None of the F ratios was significant. 1In this

case also, Hypothesis I was tejected.

Table 9

Two-Way Analysis of Variance of BR x DB Changes During

RDT with Treatment2 and Time as Main Effects

Source df . Mean Square F Ratio
Treatment (Tr) 1 ‘ 16,199,.46 1.91
Error (tr) 12 8,487.89

Time 2 1,262.88 0.24
Tr x T 2 1,532,411 - 0.30

Error (t) 24 : 5,159.99

The>third analysis of variance which was carried out for BR x DB
changes during RDT had treatmentq and timé as main effects., A summary
of this analyéis, presentedjin Table 10, shows the F ratio for treatment
to be significant at the 0.10 level., This indicates that the Control

group and the Pre-Recall group had been significantly differentiated."
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Table 10

Two-Way Analysis of Variance of BR x DB Changes During RDT

With Treatment3 and Time as Main Effects

Source  ‘ df | Méan Square F Ratio
bTreatment (Tr) : 1 21,539.76 4.41*
Error (t) 12 4,877.04

Time (T) - 2 | 1,032.12 0.48
Tr x T | 2 1,239.40 0.58
Error (t) Ty 2,144.87

* F.90(1,12) = 3,18

Summary of Results for Hypothesis I

It was hypothesized that fhe RDT would produce a significang in-
crease in arousal as reflectgd in changes in HR and/or BR. As far as
HR changes were concerned, Hypothesis I was upheld in only one instance,
that in which the RDT was presented immediatély after the story. In
the other two conditions, those in which the RDT was presented either
immediately before the story or immediately before recall, HR chénges
did not}differ‘significantly from those found in the Control group at
the_éame periods of time. Therefore, Hypothesis I, as it related to HR
changes was not upheld in these two instances.

As far gsABR was cbﬁcerned, Hypothesis I as originally stated,
could not be.directly tested since it was not possible to establish
basal BR scores from which to measure the predicted changes. A

multiplicative breathing measure (BR x DB) which incorporated rate as

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



76
well as amplitude of bréathing was employed instead. When BR x DB
scores were subjected to analyses, statistical findings indicated that
Hypothesis I, as it related to changes in breathing, should be rejected
with one exception. Thé RDT did produce significant increases in
arousal as reflected in BR x DB changes in the group to whom it was
presented immediately before recall.

In{summary, then, it can be stated that Hypothesis I was upheld
in two analyses, those pertaining to HR changes in the Post-Story
group and BR x DB changes in the Pre-Recall group. In the other four

analyses, Hypothesis 1 was not upheld.

Hypothesis 11

It was.hypothesized that material presented during increased
arousal conditions would show poorer immediate recall and stronger
delayed recall than material presented under neutral conditions., That
is, it Qas expected that those groups to whom the RDT was presented would
recall the story more completely and more accurately than would the
control group to whom the RDT was not presented, when recall was one
day later, The opposite results were expected when recall followed
immediately (7 minutes) after the story was read.

Each S received one score for each of the four scoring categories
on each of the two recalls (immediate and delayed). These data appear
in Appendix G, but are represented by mean recall scores in the four
scoring categories for‘each.experimental group at both immediate and
delayed'recall as presented in Table 11, Inspection of these means and
the graphical representation of Content Word (CW) means in Figure 9

indicates that the Pre-Recall group showed the best recall over both
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Table 11 -

Mean Recall in Each Category for Each Group
Under Immediate and Delayed Conditions

Category

Group ' Immediate Delayed

Content Words

Control 89.71 88,71

Pre-Story o 91,43 91.28
Post-Story 76.43 71,00

Pre-Recall , 108,00 104,28

Words Produced

Control 174.43 190.71
Pre-Story 175.14 182,57
Post-Story - 147,57 158.56

Pre-Recall 193.86 200.00

Words to Maximum

Control 79.00 78.28
Pre-Story 83.14 82.57
Post-Story - 70.43 64,71
Pre-Recall 95.71 92.43

Words Scored Once

Control ‘ 49,14 45,57
Pre-Story 48,71 48.86
Post-Story 42,00 40,57

Pre-Recall 56.71 54,71
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immediate and delayed cénditions and the Post-Story group, the poorest,
with the Control group and the Pre-Story groupbfalling in intermediate
positions. In view of the fact that such was the case regardless of
scoring method, a multi-correlational analysis was conducted to ascertain
the magnitude of thg rélationships which appeared to exist‘between the
fqur different types of recall scores in both the immediate and delayed
conditions. The resulting correlational matrices are presented in

" Table 12,

High intercorrelations were found between all the scoring
categories as shown in Tablel2, The near perfect correlations between
Content Word (CW), Words to Maximum (WM), and Words Scored Once (WO)
scores suggest very strongly that they are, for all intents and purposes,
measures of the same thing. This finding is not surprising in view of
the fact that the latter two types of scores (WM and W0) are based on
the former (CW). Correlations between tﬁe above three scores and Words
Produced (WP) scores were slightly lower, especially under conditions of
delayed recall. These iower éorrelations suggest that WP scofes reflect
some aspect of recall over and above that of content per se. 1In view
of the magnitude of the correlations, however, that which WP-scores
reflect was considered insufficient to warrant the presentation of their
analyses in any tests of Hypotheses II,AIII, 1V, ér V.

| To tést the predicted interaction between arousal condition (RDT)
and recall interval (Hypothesis I1), CW scores were subjected to a
two-way analysis of variance with arousal and time as main effects,
Because the question he;e was not that of differences between treatment

groups, but rather that of differences between all groups to whom the
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Table 12

Correlations Between Scores in the Four Scoring
Categories for Immediate and Delayed Recall

Immediate Delayed
cW WP WM WO cW WP WM WO
CW .92 .98 .96 ' .85 .99 .98
WP .88 .86 : .80 .78
WM .98 .98

RDT had been presented and the Control group who were not exposed to the
RDT, treatment groups were collapsed and their recalls compared with
those 6f the Controls. Thus, the analysis of variance employed unequal
cell frequencies using the least-squares solution. A summary of this

analysis is presented in Table 13,

Table 13

Two-Way Analysis of Variance of the CW Recall Scores
With Arousal and Time as Main Effects

Source | df Mean Square F Ratio
Arousal (A) | 1 14.88 0.0l
Error (a) | 26 - 1783.78

Recall Interval (R) 1 ‘_ 92.57 1.77
AR 1 11.53 0.22
Error (r) ' . 26 52,77
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None of the F ratios was significant indicating that the arousal
condition (RDT) did not Significantly.differentiaﬁe between the treatment
groups and thg control in terms of their immediate and delayed recall
scores, Therefore, Hypothesis II was not upheld. This finding is
reésonably consistent with the results of analyses which tested |
Hypotheéis I wherein it was diécovered that the arousal coﬁdition (RDT)
did not generally produce differential arousal (HR and/or BR x DB)

' effects,

Hypothesis 111 and IV

1t was hypothesized (Hypothesis I1I) that materiallwhose presentation
is immediately followed by increased arousal conditions will show
ﬁoorer immediate’and delayed recall than mgterial preceded by increased
arousal conditioné; material whose recall is preceded by increased
arousal cénditions, or material presented under neutral conditions. In
other words, it was expected that the group to whom the RDT was presented
immediately fqllowing the story would show lower recall scores than
would the othef threg groups. In addition, it was hypothesized
(Hypothesis 1V) that material whose recall is immediately preceded by
increased arousal conditions will show better immediate and delayed
recall than material preceded or fqllowed by increased arousal conditions
or material presentea under neutral conditions. That is, it‘was expected
that the group to whom the RDT waé presented iﬁmediately prior to the
recall period (Pre-Recall) would produce higher recall scores than
would the other threevgroups.

In order to test Hypotheses I1I and IV, CW recall scores were

subjected to a two-way analysis of variance with arousal and recall
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interval as main effecté. A summary of this analysis appears in
Table 14, None of the F ratios was significant, Due to the a priori
expectations éoncerning the effects of the placément of the increased
arousal condition (RDT) on subsequent recall, relevant selected a

priori comparisons of total recall scores were conducted.

Table 14

Two-Way Analysis of Variance of the CW Recall Scores

Source df ' Mean Square F Ratio
Arousal (A) ' 3 2,465.07 1.52
Error (a) 24 1,624,92

Recall Interval (R) 1 : 92,57 1,68
AR 3 20.81 0.38

Exrror (r) 24 55.04

When.the total recall scores produced by Post-Story wéré compared,
according to the procedure outlined by Winer (1962, p. 69), Qith those
of the other three éroups; a significant (p = 0,10) difference was
found. Therefore, with the proviso attached to such a confidence level,
it can be stated that Hypothesis 111 was upheld. A similar significant
finding resulted when the total recall scores produced by fhe Pre-Recall
group were compared with those of the other three groups. Therefore,
Hypothesis IV was also upheld. For interest's sake, however, an
additional comparison wés conducted between Post-Story and Pre-Recall
totals which resulted in the establishment of a significant (p = 0.05)

difference between the two. Such a difference undoubtedly contributed to
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fhe significant differeﬁces in recall which obtained between eaqh of
these two groups and the other three, In summary, however, it can be
stated that Hypothesis III, which predicted the lowest recalls for
Post-Story, and Hypothesis IV, which predicted the highest for Pre-

Recall, were confirmed,

Hypothesis V

It was hypothesized that material presented during "high"
arousal would show poorer immediate recall and stronger delayéd recall
than would material presented under "low" arousal. As a.prelude to
testing this hypothesis, Ss were ordered into either ”high”vor "Low"
arousal groups on the basis of mean HR changes during the presehfation
of the story. The actual ordering of the 5s was accomplished in the
following manner, A median splip was employed; i.e., thése Ss whose
mean HR during the story was less than 5 beats per_mindte different
from basal HR were designated as the "low" arousal group; those Ss
who manifested a HR greater thaﬁ 5 beats per minute from base were
designatéd the "high'" ar&usal group. The groups so constiﬁﬁted'are
presented in Appendix H. There it will be noted that three §s had mean
HR changes which fell at the median. In order to preclude unequal cell
frequencies, an arbitrafy decision rule was introduced. Those Ss whose
HR change was as high as 9 at one of the three (beginning, mid-point,
and end) sampled times during the story prcsent%tion would be c/rqnsidcrgd
as "highﬁ arousal group membersj those Ss wiose mean HR change during
story was 5, buf at no point was as high as 9, would be included in the
"low" arousal catagory.

Having thus collapsed groups across treatment conditions for within
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~subject analysis of arousal (HR) and recall interval, the pattern
~which emerged is that which is presented in FigurelO. The means from

which the co-ordinates in this figure were drawn, as well as the means
for the other three recall scoring categories, are presented in
Table 15 for both immédiaﬁe (IR) and delayed (DR) recall,

Inspection of Table 15 shows that ﬁhe HA group had consistently
better recall scores, regardless of scoring category, across both
recall intervals than did the LA group. An additional finding of
no small importance however, is that the DR conten£ scores (CW, WM aﬁd
W0) obtained by HA were essentially the same as those obtained by that
group at IR, A similar finding did notvemerge for the LA group.
Rather, their DR scores reflected a decrement of five per cent or
greater compared with their IR sco?es.

Thus, not only did high arousal, as reflected in mean HR change
dﬁring story presentation, improve IR, i£ sustained that increment over
the 24-hour delayed recall interval. On the other hand, the lower

recall scores échieved by LAg were even lower after the oné-day

delay. To determineAwﬁether thig suggested interaction between arousal
and recall interval was significant, as well as to assess the degree

of differences between the arousal groups and recall intervals, two-
way analyses of variance of the recall scores were carried out.

The most pertinent analysis, presentéd in Table 16, is that of
CW recall scores with arousal and recall interval as main effects.

Here it can be seen that arousal significantly differentiated thevtwo
groups in terms of their overall recall performance (p = 0,05), but

the ¥ ratios for the recall interval and interaction between arousal and
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Table 15 -

Mean Recall Scores (IR and DR) for the HA and LA Groups

Category

Group Immediate Delayed

Content Words

High Arousal ~103.00 102.50
Low Arousal 79.79 75.14 .

Words Produced

High Arousal 188.93 200.86
Low Arousal 156.57 165,22

Words to Maximum

High Arousal 92,57 92.29
Low Arousal 71.57 66.71

Words Scored Once’

High Arousal 55.00 54.43
Low Arousal ' 43.29 41.43

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



87

recall interval failed to reach significant levels. Similar findings

Table 16

Within Subject Analysis of Variance of CW Recall Scores

Source df -Mean Squére F Ratio
Arousai (A) 1 8,951.14 _6.22*i
Error (a) 26 1,440,08

Recall Interval (R) 1 92.57 1.68

A xR 1 20,03 | 0.36
Error () 26 55.14

*F_gs(1,26) = 4,23

resulted from analyses of variance of the other three (WP, WM and WO)

types of recall scores., That is, the recall scores were significantly

~(p = 0.05) different for the HA and LA grodps, but the interaction and

recall interval effects were non-significant. There was, however, one

exception. The F ratio for recall interval was sigrnificant (p = 0.01)

when the recall scores subjected to analysis were those arrived at

employing the WP scoring brocedure. When this finding is viewed within

the framework of Table 15, then it can be appreciated that significantly

more words were produced (by both HA and LA groups) in writing recalls

one day later than were used in writing immediate recalls. This finding

parallels similar differences between immediate and delayed recalls

(WP scores) seen in Table 11 above.

P

Taking into consideration the results of analysis of variance
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conducted.for the CW recall scores, as well as those of WP, WM and WO,.
it can be stated that Hypothesis V which predicted -an interaction between
arousal level and recall interVal was not upheld. The "high”_arousalu
vgroup did, however, produce better recéiis-than did the ”low"‘arouSal
group, but the HA fecails were bétter at bofh iﬁmédiate and delayed
interVals whereaé it was hypothesized that the "high'" arousal recall
would be inférior to the "low" arousal at the immediate test,

In summary, then, it can be étated that Hypothesis V, which
predicted that material presented during '"high' arousal would show
poorer immediate recall and.stronger delayed reéall than would material
pfesented during "low'" arousal, was not confirmed. Such was the case
regardless of scoring category., That is, analyses of CW, as well as
WP, WM and WO recall scores, orde;éd into either Yhigh'" or "low"
arousal categories on the basis 6f HR changes during the story present-
ation, failed to produce results Which would warrant the upholding of
Hypothesis V,

It should be pointed out that the testigg of Hypothesis V was
carried out having ordered Ss into '"high" and "low" arousal groﬁps on
the basis of mean HR chqnge during the story., bBr x DB changes showed
very little cprrelation (r = .11) with HR changes occurring at the
sam¢vtime. " Therefore, it seemed unnecessary, as well as unwisé (See
Discussion,‘p. 123) to take the BR x DB changes during story into
consideration when ordering Ss into the "high'" and "low" arousal.groups

for the testing of Hypothesis V.
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Phenomenological Results
Expectations related to the phenomenological aspects of the
~current study were tested through analyses of the Recollection Rating
Scale (RRS) data which is presented in Appendix I. Each S received
two scores (his own rétings) on each of four scales: pleaéed - dis-
pleased (P-D), indifferent - aroused (I-A), acceptipg - rejecting (A—R);.
and puzzled - comprehending (R-C), The scores on specific, appropriate
scales of tﬁe RRS were used in testing Expectations 1, 2, 3, and 5.
To test expectations 4 recall (CW) scores were the data employed, but
the ordering of Ss into categories was accomplished on the basis of

their RRS scéres.

Expectation.l

It was expected ‘that those §S who showed cardiac deceleration
(decrease in HR) during the experiment would recollect that they had
felt more accepting than those Ss who showed cardiac acceleration
(increase in HR). Those Ss who manifested cardiac deceleration as
reflected in a decrease from their established basal rates were des-
ignated "decelerates'", Samples of HR taken during the RDT énd story
presentation periods were used in arriving at this designation. S who
manifested cardiac acceleration as reflected‘in an increase from their

1 basal rates were categorized as "accelerates", .Since only one S

(§10) did not show either an increase or a decrease in HR during RDT
lor stdry presentation,‘it was possible to employ the data from 27 Ss
in anélyiing the accept}ng - rejecting scale ratings as a test of
Expectation 1, The orderingrbf Ss carried out according to the above

outlined procedure is presented in Appendix J.
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The mean ratings given at the end of the immediate (IR) and

delayed (DR) recall intervals by the decelerates and accelerates on the
‘accepting - rejecting (A-R) scale of the RRS are presented in Table 17.
Inspection of this table indicates that the accelerates did recollect

| that they had felt leés accepting during the experiment than did the
decelerates. In addition, the degree of their recollected feelings of
acceptance was approximately tﬁe same regardless of whether their
recollectioﬁ was made at IR or DR, whereas the decelerates manifested
a decrease in the degree of their recollected feélings of acceptance'ét

DR.

Table 17

Mean A-R Ratings Made by Decelerates and Accelerates
At Immediate and Delayed Recall ‘

IR DR
Decelerates - 3.75% 5.38
Accelerates 6.53 o 6.32

* The lower the rating, the more accepting.

In order to test Expectation 1, the accepting - rejecting ratings,
from which the means in Table 17 were calculated, were subjected to a
two-way analysis of variance with Direction (of HR change) and Recall
Interval as main effects. Since 8 Ss manifested cardiac deceleration,
whereas 19 Ss showed an increase in HR, the analysis employed unequal
cell frequencies using the least squares solution. A summary of that

analysis, as presented in Table 18, indicates that none of the F ratios
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Table 18

Two-Way Analysis of Variance of Accepting - Rejecting Ratings
With Direction and Recall Interval as the Main Effects

Source - df vMeéﬁ Square ~F Ratio
Direction (D) ‘ ' 1 39.99 | 1366.
Errora(d)v 25 24,01

Recail Interval (R) 1 3 1.85 | 0.54
D x R 1 8.95 2,59
Error (r) 25 3.45

are significant, That is, the deceleratés were not differentiated fréﬁ
the accelerates on the basis of acceptiﬂg - rejecting scale ratings;

the ratings did not vary significantly'over the recall intervals, mnor
was there an interaction between direction of HR change and recall
interval. Thus, because significant differences were not established
between the raéings of the decelerates and the accelerates, Expection 1,
which predicted that §é who show cardiac deceleration would recollect
that they felt more accepting during the experiment than would Ss who

show acceleration, was not confirmed.

' Expecfation8'2 and 3
It was éxpected (Expectation 2) that those Ss exposed to the RDT‘»'
during the experiment would recollegt that they felt less comprehending
than would the control Ss to whom the RDT was not presented, And furtﬁer,
it was expected (Expectation 3) that Ss presented witﬁ the RDT would

recollect that they felt more aroused than would the controls. In order
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to test these two expectations, treatment groups (to whom the RDT
had been presented) were collapsed and their puzzled - comprehending
(P-C) and'indifferent - aroused (I-A) scale ratings were compared with
those of the control group., The mean scale rafings made by:each grou§

at both immediate (IR) and delayed (DR) recall are presented in Table 19,

Table 19

Mean P-C and I-A Ratings Made by the Treatment and Control
Groups at Immediate and Delayed Recall

Group "~ P-C* : 1-A%*

IR DR IR DR -
Control 12,14 11,57 -~ 12,28 11.71
Treatment ~ 8.10 8.24 13.95 13.67

* The higher the score, the more comprehending.
**.The higher the score, the more aroused,

Inspectiéﬁ of Table 19 indicates fhat‘the Control Ss did
recollect.that they felt more compreheﬁding than did the treatment §s{
To determine whether the difference between these two groups’ in their
recollections of how comprehending they felt during the experiment were
;tatisticallybsignificant, a two-way analysis of variance with treatment
and recall interval was carried out for the puzzlied - comprehending |
ratings. Since treatment groups had been collapsed,‘unequal cell

. .
frequencies analysis using the least squares solution was employed. A

summary of this analysis, which appears in Table 20, presents a

significant (p = 0.10) F ratio for treatment, although the F ratios
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Table 20

Two-Way Analysis of Variance of Puzzled - Comprehending Scale
Ratings With Treatment and Recall Interval as the Main Effects

Source _ df A Mean Square F Ratio
| Treatment (T) 1 143.60 3.74%

Error (t) 26 38.25

Recall Interval (R) 1 v » 0.01 | 0.01

TxR 1 1.34 0,69

Exrror (r) : 26 1,93

*F g0(1,26) = 2.91

for recali interval and the inte;action between recall interval and
treatment Qere nét significant, This indicates that the treatment

and control groups were significantly differentiated on the basis of
their P—C‘scalg ratings and that their ratings were consistent overv
recall interval. When this significant difference is vieweq within the
framework provided by Table 19 in which mean P-C ratingé made by the
two groups were presented, it can be stated that Expectation 2 was
confirmed, In other words, thosé Ss who were exposed to the RDT during
the experiment recollected that they felt less comprehending than did

the control Ss.

Expectation 3 ~
It was expected that the treatment Ss having been exposed to the
RDT, would recollect that they felt more aroused than would the controls,

To test this prediction, the indifferent - aroused (I-A) ratings, the
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means of which were presented in Table 19, were subjected to a two-way
- analysis of variance with‘treatment and recall interval as main effects.
'As was the case with the analysis of P-C ratings, unequal cell frequencies
were employed using the least squares solution. A summary of this
| analysis, pfesented in Table 21, shows thap none of the F ratios was
significant, Thereforé, it can be stated that Expectation 3 was not

confirmed.

Table 21

Two-Way Analysis of Variance of Indifferent - Aroused Scale
Ratings With Treatment and Recall Interval as Main Effects

Source df Mean Square F Ratio
Treatment (T) 1 i 34.38 1.31
Error (t) 26 26,33 |
Recall Interval (R) 1 1.79 2,32

T xR o 1 0.21 0.27
Error (r) 26 - 0.77

In summary, then, it can be stated that the treatment Ss having
been presented with the RDT, were significantly (p = 0.10) less
comprehending (at least as far as their recollections of how they had
felt during the experiment were concerned) than'wé;é‘the controls, Thus,
Expectation 2 was confirmed., -Analysis of variance carried out for the

~
indifferent - aroused ratings failed to show any differences between

the treatment $s and the controls. Therefore, Expectation 3, which

predicted that the treatment Ss would recollect having felt more aroused
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than would have the controls, was not confirmed.

Expectation 4

It was expected that those Ss who recollected that they felt more
accepting duriﬁg the experiment would produce better recalls than would

| , those Ss who recollected that they felt more rejecting. As a prelude to

testing this expectation, all groups were collapsed and Ss were assigned
to‘either the "rejecting'" or "accepting'" group according to the following
criterion.' Any Ss who used a rating of 9 or greater on either occasion
when presented with the RRS was assigned to the "rejecting' group.
Inspection of the RRS data, which appears in Appendix I, indicates that
such an ordering procedure included 9 Ss in the '"rejecting" group.
The remaining 19 Ss were designated as "accepting'".

The mean CW recall scores obtained by these two groups at immediate

and delayed recall are presented in Table 22, -

Table 22

Mean CW Recall Scores at IR and DR for Accepting and Rejecting Ss

Group Immediate Recall | Delayed Recall
Rejecting 98.78 89.33
Accepting - 87.89 , 88.57

Inspection of Table 22 indicates that, contrary to Expectation &,
L
the rejecting group manifested the superior recall, although the higher

recall rate was not sustained over the delayed interval. To determine if

these differences between the groups were significant, and thereby test
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Expectation 4, the CW recall scores of the accepting and rejecting groups
were subjected to an unequal cell frequencies analysis of variance in
which Acceptaﬁce and Recail Interval were the main effects, A summafy

of that analysis appears in Table 23.

Table 23

Two-Way Analysis of Variance of CW Recall Scores With
Acceptance and Recall Interval as the Main Effects

Source » - df Mean Square F Ratio
Acceptance (A) 1 413.54 0.23
Erfor (a) 26 1,768.45‘

Recall Interval (R) 1 92.57 2,25
.A x R | 1 , 313.27 7.61%
Errvor (r) 26 41;16

* T (1,26) = 4,23
95

Although neither the F ratio for acceptance or recall interval was
significant, the interaction between these two effects was s?gnificant
(p = 0,05). Because of the latter finding a simple effects analysis
was carried out, Results of this analysis indicated that level‘of
acceptance did not differentiate the groups in terms of their recall
scores at either IR or DR, On the other hand recall scores were
differentiated (p~= 0.0l) at the two recall intervals for the rejecting
group. Such was not the case, however, for the accepting group,
although their DR scores are slightly enhanced. The rejecting group

manifested a significant decrement over the delayed interval. Therefore,
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‘ﬁxpectation 4, which prédicted that it would be the accepting
group who had the superior récall, was not confirmed. A proviso,
‘however is in order here. Although the accepting group did not show
better recall as predicted, the fesults indicated that this group did
now show forgetting over the delayed interval Qhereas the rejecting

group did show such a retention decrement.

~Expectation 5
It was expected that those Ss who were ordered into the '"high"
arousal condition on the basis of HR and/or BR changes at the time of
story presentation would recollect that they felt more aroused than
would those Ss who were ordered into the "low" arousal condition. The
orderiﬁg of Ss was accomplished in the manner outlined in the section
above wﬁich pertained to the testing of Hypothesis V (See p. 83).
Although it is the indifferent - aroused scale which is of
particular interest in testing Expectatioﬁ 5, the mean RRS ratings for
the other three scales are also presented graphically in Figure 11. |
As caﬁ be seen in this figure, the differences in indifferent - aroused
(1-A) ratings made by the high (HA) and low (LA) arousal groups were in
the direction of the prediction made in Expectation 5. They were not,
however, of sufficient magnitude to warrant an individual analysis of
variance of the I-A ?atings. Rather, it seemed reasonable to assume that
the differences were not significant, and thereby conclude that
Expectation 5 was not confirmed,
Further inspection of Figure 1l indicated that the.RRS profiles
for the HA and LA group were essentially the same -at IR, but that

differences obtained between the two groups at DR. To investigate these
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differences a three-Way analysis of variance with a>rou‘sa1, recall interval
. and scale as main effects was performed for the RRS ratings; A summary
of this analysis dppears in Table 24, inspection of which>indicates ;hat
ﬁhevg ratio for scale, as well as fof the three-way interéétion, was
significant. Although statistically significant, the scale factor differ-
ence is.of little psychological significance since thelfour scalés repre;
sent four bipolar orthogdnal factors (Seé McCarter, 19615. On the other
hand, thever, the significance ﬁp = 0.05) of'the intefacfion between
arousal, recall interval and scale is Qf no small imporﬁance. Inspection
‘ of Figure 1l shows that the'HAs at DR recollected that they felt less
displeased and more comprehending than‘their earlier (IR) recollections
indicated. The opposite was the case for LAs: at DR tHey recollected as
having felt more displeased and less comprehending than>they had at IR.
In-summary,'then, it can be stated that Expectation 5 which predicted
higher aroﬁsal (I-A) ratings for the HA group than for the LA group was
noﬁbcbnfirmed. Analysis of variance of scores on all four RRS scaleé,
however, uncovered some interesting findings regarding differences be-
tween the HA and LA ratings at DR, fhe HA group manifested a decrease in
their pleaéed - displeased ratings and an increase in their puzzled - com-

prehending ratings; for LA the reverse was found.
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Table 24

Within Subject Analysis of Variance of RRS Ratings With Arousal, Recall
Interval, and Scale as Main Effects '

Source df Mean SQuare , F Ratio
 Arousal (A) 1 0.45 0.01

Error (a) 26 32,52

Recall Interval (R) 1 0.45 0.19

A xR 1 1,87 0.79

Error (r) 26 2,37

Scale (S) 3 637.80 : 22.71%

A xS 3 27.77 0.99

Error (s) 78 28,08

R xS 3 1.77 - 0.77

AxXRxS 3 9.32 4,05k

Error (rs) 78 2,30

¥ T 0(3,60) = 4.13 *k F o (3,60) = 2,76
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Additional Relevant Results

Although they did not bear directly on the testing of the hypotheses
or expectations, ghere were additional research findings which warraﬁted
presentation and analyses because of their relevance to tHe theoretical
issues involved in thé discussion of those results which did attend the
testing of the hypotheses. These findings include additional analyses of
arousal measures taken during RDT presentation to the treatment groups.
Results which pertain to arousal during the story, as well as to arousal
during IR, are also presented. Arousal as a function of sex is included
since both males and females parﬁicipated in the study. Recall as a
fuﬁction of sex is élso included. 1In addition, reading time; i.e., the
time required by the Ss to read the story twice, and memory time; i.e.,

the time required to write the reproductions, are presented.

Aroﬁsal During RﬁT

Analyses of variance which inveétigated the magnitude of differences
in HR change between the groups and the control group were presented in
the section above which dealt with Hypothesis I (see pp. 72-75). To de-
termine whether the presentation of RDT at different times during the
learning - recall sequence differentially affected the threé treatment
groups in terms of arousal as refiécted in HR change, an additional anal-
ysis was required. This involved a two-way anélysis of variance of HR
changes for the three treatment groups across the three recording points
in RDT presentation. A sﬁmmary of this analysis which appears in Table
25 presents F ratios which are not significant. These findings indicate
that the RDT did not differentiate between the three treatment groups on

the basis of HR change and that HR changes across the three recording
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 points did not vary significantly. The latter finding parallels similar

. outcomes presented in Tables 4, 5, and 6,

Table 25

Two-way Analysis of Variance of HR Changes During RDT
With Treatment and Time as Main Effects

Source :df Mean Square F Ratio
Treatment (Tr) 2 228,11 1.72
Error (tr) 18 132,54

Time (T) 2 17.50 0.91
Tr x T 4 14,68 - 0.76
Efror (t) 367 19,21

To determine whether the presentation of RDT at different times

during the learning - recall sequence differentially affected the three
treatment groﬁps in terms of their arousal as reflected in BR x DB changes,
a two-way anal?sis of variance with treatment and time as main effects
was carried out for the BR x DB changes during RDT. A summary of this an-
alysis presented in Table 26 shows F ratios which were not significant.
This indicates that the RDT did not differentiate between the three treat-
ment groupé on the bésis of BR x DB changes. In addition, BR x DB changes
which occurred at“the three recording times did not vary significantly;
nor did the inteE?ction between treatment and time reach significance.
Thé‘latter two findings parallel similar results of the previously re-
ported analyses of BR x DB changes (see Tables 8, 9, and 10).

In summary, it can be stated that the RDT did not produce differential
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arousal effects in the three treatment groups. This was the case regard-

less of whether arousal was defined in terms of HR or BR x DB change.

Table 26

Two-way Analysis of Variance of BR x DB Changes During RDT
With Treatment and Time as Main Effects

Source df  Mean Square “F Ratio
Treatment (Tr) 2 1,209.54 0.13
Error (tr) 18 9,095,.12

Time (T) 2 v | 1,237.98 0.26
Tr- x T 4 ~ 1,120.18 0.24
Error (£) 36  4,728.43

Arousal Duriﬁg Story

The mean HR changes ﬁhich occurred at the beginning, mid-point, and
end of the time during which the story was being read are presented for
each of the four groups in Figure 12. To investigate those differences
in HR change during the story, a two-way analyeis of variance with treat-
ment and time as main effects was performed for these HR changes. A sum-
mary of this analysis, presented in Table 27, indicates that the F ratios
for treatmeht and the interaction were not significant, but the F ratio
for time was highly significant. When the means of the three recording’
times were subjected to tests using the Mewman-Keuls.procedure, it was

~

found that mean HR change recorded at the beginning of the story present-

ation was significantly different from the mid-point and end mean HR

change at the 0,01 and 0.05 levels respectively.
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Table 27

Two-way Analysis of Variance of HR Change During Story
With Treatment and Time as Main Effects

Source ‘ . - df Mean Square F Ratio
| Treatment (Tr) 3 60.71 0.93
~ Error (tr) 24 65.42 )
Time (T) 2 77.18 7.58%
Tr x T 6 | 28.75 2.82
Error (t) 48 10.18

* =
*E 04(2,40) = 5.18

* The mean BR x DB changes recorded at the beginning, mid-point, and
end of the time during which the story was being read are presented
graphically in Figure 13. Pre-recall showed the greatést ovérall change’
in BR x DB. The control group had the second highest BR x DB change,
followad closeiy By Pre-Story, with Post-Story showing the least change.
The‘differences in mean BR x DB change at the beginning of the story be-
tween the last three groups were minimal. Differences were much more ap-
parent between all fhe.group at the endAof the story presentation. To de-
termine whether thesé differences in BR x DB change during the story were
significant, a two-way analysis of variance of'the BR x D3 changes was
carried out with treatment and time as main effects. A summary of this

LY

analysis appears in Table 28, None of the F ratios was significant.
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Table 28

Two-way Analysis of Variance of BR x DB Changes During Story
With Treatment and Time as Main Effects

Source df " Mean Square - F Ratio
Treatment (Tr) 3 6,385.88 0.79

Error (tr) 24 8,099.45

Time (T) 2 3,098.52 0.97

Tr x T 6 1,531.99 0.48

Error (t) 48 3,197.45

The results of the analyses of HR and BR x DB changes during the
story indicated that the four groups were not differentially aroused
while reading thé story., The importance of these findings will become
apparent when the resulté of analyses which tested Hypotheses III and IV
Afé discussed, Thejone significant finding which resulfed from the anal-
yses of arousal changes during story was the fact that HR at the beginning
.of the story was significantly diffefent from that at the mid—point and

end of the story.

Arousal as a Function of Sé&x

When treatment groups were collapsed and Ss assigned to either the
high arousal (HA) or low arousal (LA) category'on the basis of HR change
during the story‘?resentation, the ratio of females to males in each |
arousal category was 8:6. This is exactly the same ratio as that employed
in assigning females and males to the original treatment groups. There#

fore, it was assumed that sex and arousal were independent in the sample.
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When Ss were assigned to HA and LA groups on the basis of BR x DB
change during fhe story, however, the contingencies between sex and arousal
were not as e#pécted, but rather, as presented in Table 29, were sucﬁ that
the resulting chi-sﬁuare reached the 0,10 level of significance, Thus,
sex and arousal, as réflected in BR x D3 changes, were not>independent in
the sample. A significantly larger number of males than females fell in
the LA category, wﬁereas the opposite was the case in the HA category.
Theée findings suggested that females respond to the kind of story situa-
tion presented in the current investigation with greater BR x D3 change'
than AO males,

iable 29

Sex - Arousal Contingencies During Story

HA LA
Male 3 (1) 9 (2)
Female 11 (3) 5 (&)

1 3 6
2 9 6
3 11 8
4 5 8
X = 3.64%

* = ’
X .90(1) 2.70
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Arousal During Immediate Recall

Mean HR changes for the four treatment groups'are'depicted graphically
in Figure 14 as a function 6f the three recording points during immediate
recall (IR). A partial reversal of pre&iously reporfed‘changes in.HR is
shown here,- The céﬁtrql group had the greatest overall HR change, followed
by Pre-Recall, with Pre—Sfory and Post-Story showing little difference.
A two-way analysis of variance with treatment and time as main effects was
performed for thevHR changés during IR.. A summary of this analysis is pre-

sented in Table 30,

Table 30

© Two-way Analysis of Variance of HR Changes During Immediate
Recall With Treatment and Time as Main Effects

Source ‘ df Mean Square - F Ratio
Treatment (Tr) 3 0.72 0.02
Error (tr) 24 40.96

Time (T) 2 75.32 3.63%
Tr x T 6 22,75 , 1.10
Error (t) 48 20.77
>* . =

F'95(2,40) 3.23

The F ratios for treatment and the interaction were not significant, but
the F rétio for Eﬁme was significant at the 0.05 level. When HR change
means at the three recording times were subjected to tests employing the
Newman-Keuls procedure, it‘was discovered that mean HR change recorded at

the beginning of IR differed significantly (p = 0.05) only from that at
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the mid-point, Other differences between the means were not significant.
Mean‘BR x DB changes during IR are presented graphically in Figqre
15, 1Inspection of this figure indicates that the Control group showed i
the highest increase in BR x D3 during IR. A similar finding was shown’
for their HR change also., Post-Story manifested the second largest change
in BR x DB at IR, while small overall differences were shown by the other
two groups. To defermine whther the differences noted in Figure 15 were
stafistically significant, a two-way analysis of variance with treatment
and time as the main effects was carfied out for the BR x DB changes at

IR. A summary of this analysis appears in Table 31,

Table 31

Two-way Analysis of Variance of BR x DB Changes During Immediate
Recall With Treatment and Time as Main Effects

Source df Mean Square F Ratio
Tfeatmentv(Tr) 3 18,964.04 0.89
Error (tr) 24 21,100.48

Time (T) 2 9,667.88 ) 3.41 *
Tr x T 6 5,423.73 l.él
Error (t) 48 : ;2,836.53

* ‘ =
F.95(2,40) 3.23

. [
Inspection of Table 31 indicates that the F ratios for treatment
and the interaction were not significant. The F ratio for time was sig-

nificant at the 0.05 level. Using the Newman-Keuls procedure, the mean

BR x DB changes which had been recorded at the three different times
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auring IR were subjected to tests between pairs. The results of these
tests indicated that the mean BR x DB recorded at the mid-point in IR
was significaﬁtly different from that recorded at the commencement of
IR. Differences between other pairs of means were not significant.,

As was the case Qith the analysis of HR and BR x DB changes during
story, analyses of HR and BR x DB changes whigh occurred during immediate
recall failed to produce F ratios tﬂat would indicate that the groups
were differentially aroused during immediate recall, Similar findings
regarding differences in HR and BR x DB changes over the three recording
points during immediate récall resulted. The significant time effects
infthe HR and BR x DB analyses, however, were fouqd at the same recording
points. HR change recorded at the beginning of Iﬁ differed from that
at the mid-point; BR x DBrchange at the beginning of IR also differed

from that at the mid-point.

Readihg Time and Memory Time

In addition to the recall scores and the physidlogical measures
(HR and BR x DB changes), there were two other variables for which the
design of the present investigation allowed measurement. These additional
parameters were those of reading time and memory time. Rea&ing time
(RTj was calculated by measuring the distance from the marker pen
‘deflection which signalled the beginning of the §'s‘reading to the
deflection which signalled his having completed the reading task. The
pen deflections weferred to were those appearing in the lower marker-pen
“channel'" which were labelled appropriately by E. Meméry time (MT) was
likewise calculated; that is, a measurement was taken Between the two

pen deflections marking the beginning and the end of the period during
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Which the S was writing his recall. RT, as well as MT, measurements
were tra;slated from distance measurements in millimetrés‘to time
measurements in minutes, The mean RT measures as welllas those for MT
at botthR and DR appéar in Table 32, The raw data ffém which the means

were calculated are presented in Appendix G.

Table 32

Mean Reading Time and Memory Time (Min.)

Group RT MT(IR)  MT(DR)
Control 2,70 8.92 8.81
Pre-Story 2.66 8.05 8.42
‘Post-Story 2.19 7.43 8.03
Pre-Recall 2,64 9.36 8.15

Inspection of Table 32 shows that the Post-Story group had a
demonstrably lower mean RT scoré than the other three groups. To
determine whether these différences were statisticallf significant, a
one-way analysis of variance of the RT scores with\arouéai és the main
effect was carried out, A summary of this analysis, which:appears in

Table 33 shows that the F ratio was not significant.

Table 33

One-Way Analysis of Variance of RT Scores

L3

Source df Mean Square F Ratio
Arousal 3 0.41 1.32
Error 24 0.31
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Table 34

RT - CW Score Contingencies at Immediate Recall

High CW . Low CW Totals
Long o .
RT 9 (7= 5N 14
Short o
RT 5 (7) 9 (7) 14
Totals . 14 14 28

* Expected frequehcy

Table. 35

-RT. - CW Score Contingencies'at Delayed Recall

High CW _ Low CW Totals.
Long :
RT 8 (7)* 6 (7) . 14
Short
“RT 6 (7) 8 (7) 14
Totals 14 14 | 28

* Expected frequency
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When the RT means in Table 32 afe combared with the mean recall‘

~ scores which were previously presented in Table 11, however, there
is suggested a relationship between "short'" RT's and "low'" recall
scores and/or between "long'" RT's and "high”.recall scores, To in-
vestigate the possibility of such reiationship(s) existing, contingenéy
tables (see Tables 34 and 35) were set up for CW and RT scores at bétﬁ
recall intervals. The ?X;z's which resulted, 1.28 and 0.84, with one
degree of freedom were not significant. It can be assumed, tHereforé,
that RT and CW scores were independent in the sample.

To determine‘whethef MT scores differed significantly across
arousal groub or recall interval, a fwo-way analysis of variance was
carried out, A summary of this‘analysis in which arousal and recall
interval are the main effects, appeafs in Table 36, None of the F

ratios was significant.

Table 36

Two-Way Analysis of Variance of the MT Scores

Source df Mean Square F Ratio
Arousal (A) 3 3.68 0.21
Error (a) _ 24 17.54

Recall Interval (R) 1 0,08 0.07
AR 3 . 2.35 | 2.16
Error (r) =~ 24 1.09

The results of the analysis of variance of the MT scores indicates

that the experimental groups were not differentiated on the basis of
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time required to write their reproductions of the story. In.addition,
the MT did not vary o#er the recall intervals to a degree sufficiently
high enough to produée signifiéant differences,

In summary, then, it can be stated'fhat the four groups did not
differ in the time fequired to read the story, nér in the time required
to write their reﬁroductions of the story. Thus, it can be assumed
that these two variables did not appreciably affect one of the crucial

dependent variables.in the current study - recall,

Recall as a Function of Sex -

Although sex was not an egperimental variable under investigation,
for interest's sake subjects were ordered into one of two groups on the
basis of their sex, and mean CW recall scores were calculated. The means

for males and females at both recall intervals are presented in Table 37.

- Table 37

Mean CW Recall Scores for Males and Females
at Immediate and Delayed Recall

Sex Immediate Delayed
Male 97.14 97 .42
Female 87.62 82,38

Inspéction of Tablle 37 shows two interesting findings: (1) the
males demonstrated superior recall at both recall intervals; (2) the
females showed a retention decrement at’delayed recall whereas the
males maintained thé same recall level. To determine if these differences

were statistically significant, a two-way analysis of variance employing
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ﬁnequal cell frequencies with the least-squares solution was carried

out for the CW recall scores. A summary of this analysis, in which the
‘"main effects were sex and recall interval, appears in Table 38, Noﬁe

of the F ratios was significant which indicates that the variation in
recall scores between the sexes was.ﬁot significant'and that differences
over recall interval did not reach significant levels. 1In addition, the
interaction between sex and recall interval was not significant. Thus,
although the females manifested a retention decrement at delayed recallA
in‘céntradistinction with the males who sustained their higher recall
scores, the minimal nature of the differences precluded a significaﬁt

finding. -

Table 38

Two-Way Analysis of Variance of CW Recall Scores
With Sex and Recall Interval as Main Effects

Source df Mean Square F Ratio

Sex (S) i 2,167.93 0.59
" Error (s) | 12 3,685.45

Recall Interval (R) 1 92.57 1.85

SR ' 1 , 83.59 1,67

‘Error (r) ' 26 50.00

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



CHAPTER .1V
DISCUSSION
The present iﬁvestigation had as ifs major purpose thé assessment
of the effécts of degree of arousal, as well as those of time of arousal,
on immediaté and delayed recall of connected, meaningful material. The
relevance of the findings - psychological, physiological, and phenomeno-
logical - which resulted from this investigation can best be discussed

as they relate to the experimental hypotheses and expectations.

Hypothgsis I

It was hypothesized that the Rapid Discrimination Test (RDT)
would produce é significant increase in arousal as refleéted in changes
in HR and/or BR., As far as HR changes during RDT were concerned,
Hypothesis 1 was upheld ih one instance, that in which the RDT was
presented immediately after the story. As was mentioned earlier, as
far as BR was concerned,’Hypothesis I 'as originally stated could not be
directly testéd since it was not possible to establish reliable basal
BR scofes from which to measure recorded changes, Instead, a multi-
plicative breathing measure (BR x DB) incorporating rate as well as
amplituae of breathing was employed. When BR x DB changes which occur?ed
during RbT administration were analyzed, Hypothesis I was again upheld
in one instance,‘althoughkin this case it was not that in which the
RDT was presented immediately‘after the story, but rather when it was

presented immediately before recall.

11¢
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i "Taking into consideration the above two findings, a tentative
conclusion could be drawn to the effect that the RDT increases arousal as
reflected in HR changes when it is presented immediately after the story
and increases arousal as reflected in BR x DB changes when it is presenfed
immediately before recall. It should be pointed out, however, that the
analysis of variénce carried out for the HR changes during RDT shoﬁn by
the Pre-Recall and Contfol groups produced an F ratio for the main »
‘effect, arousal, of 3,17, The critical value réquired for a significént
difference in HR change between these two groups at'the 0.10 level is
3.18, It could Be conjectured, then, that sizable in&ividual differenées
in HR change, rather than failure on the part of RDT to praduce
differential arousal effects, preéluded the establishment of a significant
difference in HR change between the Pre-Recall and Control groups.
Inspection of Appendix F tends to corroborate this contention: S0 fér
example, with HR changes of 27, 33, and 30 during RDT, contributed
considerably more. to the errof variance than did any one other § in the
Pre-Recall group wherein the range of mean HR cﬁange during RDT was 3
to 30. | |
‘ vThe source of such wide variability in HR change, in pért, can be
attributed to the operation of the principle(s) of individual responée
specificity and/or stimulus specificity. That is, for those Ss who man-
ifested little change in HR, cardiac activity may well have been a muéh
less sensitiye indicant of arousal than it was for those Ss th showed
marked changes in HR. 1In addition to, or perhaps in interaction wifﬁ,
this posited operation of the principle of response specificity is‘that

of stimulus specificity. 1If, as proposed by Lazarus (1966, p. 376) each
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kind of threat produces its own characteristic pattern of physiological
response, and if it can be assumed that the RDT situation was perceiyed
’by the individuals participéting in this study as threatening, but in
different ways and to varying degrees bécause of personality diffefences,
then it seems reasénabLe to propose that wide differences in HR éhanges
were due, in part at leasf, to the operation of the principle of stimulus

- specificity.

Furtﬁer, it can be conjectured that, in addition to the possible
role played by personality variables as they related to the perception of
the RDT as a threatening situation, personality differences possibly‘
may have contributed’to the large iﬁtra—grouﬁ variance in other ways.
For example, McLean (1968) found that personality-derived arousal
(introversion - extraversion) and experimentally induced arousal (white
noise) were additive in their effects. Even though Ss in the curren£
investigation were randomly assigned to the conditions, it is possible,
in view of the relatively small number of Ss per condition, that intro-
verts and extraverts were not evenly distribﬁted across the four groupé;
Thus, knowing where the Ss lay on the introversioﬁ - extraversion
continuﬁm might have precluded the large intra;group variance which
obtained when HR changes during the administration of RDT to the Cohfrol
and Pre-Recall groups were analyzed.

The above considerations regarding possible sources of error
variance notwithstanding, the suggestion remained that the RDT produces
heightened arousal (when arousal is defined in terms of HR change) when
the task_follows rather than precedes the input of verbal information,
since it was in the Post-Story group that a statistically significant

difference in HR change was found and the Pre-Recall group in which
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impourtant differences were noted., Aithough procedural differences,
as well as the monitoring of different physiological iﬁdicants of
arousal, prohibits direct comparison between the results of the present
study and earlier research in which the RDT was found to be an arousal
producing task, the findings herein presented are consisteﬁt with those
of Malmo and his associates (195la, 1951b). Especially are the findiﬁgs
regarding RDT presentation after information input (the story) com-
patible with the research of Malmo é} al. wherein the RDT was administered
following a Pain-Stress test. Not that the administration of pain
through the use of a thermal stimulator, as described by Malmo and
Shégass (1949), can be equated with érkeven considered an analogue of,
the reading of a story, both the eiperiencing of pain and the reading
of a story result in increased sensory input to the organism, As a
fesulf, there is an increase in number of afferent impulses conveyed by
classic pathways to the brain stem which in turn produces a concomitaﬁt
incréase, via collaterals to the reticular formation, in the activity of
the Aécending Reticular Activating System (ARAS) originally outlined by:
Moruézi and Magoun (1949). The role that ARAS plays in arousal has
been clearly delineated by Lindsley (1960), Magoun (1964), and others,
as has also that of the descending reticular facilitating system, Of
interest to the current study is that subéequent‘to the increased
aétivity in the ARAS initiated by .the sensory stimulation of reading
the story or taking the Pain-Stress test, there is additional neuronal
activity of thé ARAS instituted by impulses carried by the descending
reticular facilitating system. In other words, impulses originally

emanating from the reticular formation, in turn, are transmitted back
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to the cortex to complete the feedback circuit inv.lved in arousal in
response to specific stimﬁli such as those resulting from the readiﬁg
of a story or the experiencing of pain. The operation of such a feed—
b;ck principle is not inconsistent with Hebb's (1949) concept of
reverberating neural circuitsvembraced by Walker (1958) in his theory
of perseverative consolidation,

Thus, as a result of the original stimulation, be it that of

. reading or experiencing mild pain, there is a reverberation over timé

- of impulses generated by that stimulation. Since the Post-Story group

" was the only one which showed a significant increase in arousal (HR
change) during RDT, it is proposed that the arousal producing effects
of the RDT were due, in part, to ghe fact that the reverberating
activity in the Central Nervous System (CNS), which originated with.
information input (story) was sufficiently inc;eased by sensory input
resulting from the RDT, which immediately followed it, to produce a
sigﬁificant increase in arousal (HR change). This explanation of the
significant arousal effects of RDT in the Post-Story group can be
extended to provide another possible reason for the Pre-Recgll‘s failuré
to show significant arousal effects although there were marked HR changes,
To this group the RDT was administered after the story, but not
immediately as was the case with the Post-Story group. The additional
time lag of thrée and one-half minutes in all 1ikelihooa allowed for
considerable dissipation of reverberation and thereby decreased the
probability that the additional input generated by the RDT would be
sufficient to significantly increase arousal. Needless to say, the
explanation of heightened arousal being due to an additive function

between information input and RDT presentation provided a possible
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reason for the failure of Hypothesis I to be upheld in the case of
Pre-Story HR change during RDT, | |

It shoﬁld be pointed out t.at the above explanation of increased
CNS arousal was in)no way positing a diiect relationship betwgen
increased CNS arousal gnd increased arousal as reflected in HR change.
Rather it should be viewed within Malmo's (1959) general activation
concept. In addition, the above explanation should not be construed as
throwing any doubt on the validity of the RDT as a stress test.reported
by Malmo et al. or on the results of the singular presentation of the
RDT" reported by Smith (19695 in which a significant drop in the number of
circulating lymphocytes was establiéhed. The results of the currenf
study, especially those pertaininé to HR change in tﬁe Pre—Story group
(which group can be directly compared-witﬁ that in which the RDT was
singularly presented), merely indicated that the RDT, when presegted.
before information input, was not sufficiently arousing to produce
significant changes in HR. It could well be that lymphocyte count is a
more sensitive measure of RDT-produced arousél than is HR,

This suggests one possible reason for the failure of Hypothesis I
to be upheld, with the exception‘of the Pre—Reéall group, in the case
of BR x DB measures of arousal. That is, changes in breathing were
less-sensitive.indicants of arousal than were HR changes. Another
possiblevreason: already discussed in relationvto HR changes during RDT,
is- the opération of the principle of stimulus specificity, as well as
that of personality variables in contributing to large error variances,

Perhaps of singular importance in any consideration of BR x DB change,

however, was the question of the wvalidity and reliability of these
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measures, Movement artifacts made for difficult scoring}'especiaily
of~£he amplitude measures (DB) which were affectéd each time the §
madg a response to the RDT o? moved otherwise,

 An important consideration regarding the fact that Hypothesis I
was.not upheld in cases of HR change is that of the effect of apparatus
‘variables. - The applying of electrodes, in itself, was highly arousing

- for manf Ss as evidenced during the pre-experimental preparation pefibd
by their spontaﬁeous remarks to the effect that they expeéted to |
feceive some soft of electrical shock. Information conveyed to theﬁ-
at'thét time regardiﬁg the ﬁurpose of the electrodes failed to dispél
those fears completely as evidenced in comments made by §s in post;
experimental interviews. Sincé it is a well documented finding (SeeH
Lazarus, 1966) that it is the threat of shock, rather than the physicalx
stimulus itself, which is conducive to heightened arousal, itvéan_be
conjectured that.those.§s who thought that they would receive shock
sometime during the.expefiméntAwould'show increased arousal, Eurthef
research in which such specific fears are objectively measured is
necessary to support such a contention. However, some support is
provided fér ﬁhe apparatus effect by the increased arousal, as reflected
in HR and Br x DB changes, manifested by the Control group during the
periodé of time RQT wés being presented to the treatment groups. In
other wérds, the expgrimental situation, itself, without presentation
of RDT was arousing. Although it was the arousal increése witnessed
in the Control group whicﬁ drew attention to the possible operation éf
apparatus effects, these effects»Were not exclusive to the Control group.

" Rather, depending on how each S perceived the experimental Situation, ;

——

they contributed to the -error variance which may well have precluded the
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general upholding of Hypothesis 1.

Hypothesis 11

It was hypothesiéed that material presented during increased
arousal conditions.wduld show poorer immédiate recall and stronger
delayed recall than would material presented undér neutral coﬁditions.
HypothesisAiI was’not confirmed which was not a surprising finding in Qiew
of the fact that Hypothesis I, on which it hinged, was not consistently‘
upheld. Since the RDT did not produce significant arousal increaseé

'in the Pre-Story a. reflected in HR and BR x LB change, nor in the
Pre-Recall condition in terms of HR change, nor Post-Story in terms of

BR x DB change, two-thirds of th¢ §s‘in the "increased érousal condi}ions"
did not demonstr;te a significant arousal increase whether the

indicant of arousal was HR orrBR X DB; Therefofe, it was highly -
unlikely that the "increased arousal conditions" would affect immediate
or delayed recall in any Signifiéant way.

In addition to the partial failure on the part of RDT to produge
increased arousal, there is another reason for the fact that Hypothesis
1T was not upheld., As was presented when Hypotheses III and IV were
put to test, the RDT differentiated between the Post-Story and other
three groups aé well as between the Pre-Recaall and the other groups
in terms of-recall scores. It will be recalled that the Post-Storyu
group had the lowest scores whereas the Pre-Recall had the highest. To
teét Hypothesis 11, havever, scores from all three treatment groups
were combined. The relatively high scores obtained by the Pre-Recail
group cancelled the effect of the relatively low Post-Story scores, and

the scores of the Pre-Story group and those of the controls were
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essentially the same, The latter finding was not surprising in
view of the fact that it was the Pre-Story group who did not show a‘,

significant increase in HR nor in BR x D3 during RDT administration.

Hypothesis III and IV

It was hypothesizéd (Hypothesis I11) that material whose present-
ation is immediately followed bf increased arousal conditions would show
poorer immediate and delayed recall than material preceded by increa;ed
arousal conditions, material whose recall is preceded by increased
.arousal conditions, or material presented under neutral conditions.
That is, it was expected ?hat the group to whom the RDT,was_presentéd
immediately after the story would show iower recall scorés than would
the other three groups. It was also hypothesized (Hypothesis IV) that
material whose recall was immediately preceded by increased arousal
conditions would show better immediate and delayed recall than would
material preceded or followed by increased arousal conditions or material
presented under neutral conditions. That is, it was expected that the
Pre-Recall group would produce higher recall scores than would the other
threeAgroups.' Hypotheses 11T and IV were not upheld by the results of
the anélysis of variance of the CW recall scores. When a priori
comparisons ofvtotal recall (CW) scores were conducted, however, both
hypotheses were éonfirmed. |

That H&pothesis I1I was upheid corroborates the expectation regarding
fhé poséible disruption of the consolidating process due to the
administration of RDT immediately after the story was read. Interestingly
enough, this finding lends support to the interference theory of for-

getting without detracting from the perseverative consolidation theory
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of remembering, thereby showing that these two theories arebnot
mutually exclusive, In particular, the confirmation of Hypothesis III
adds weight to the tﬁeoretical stand first taken by Muller and Piléeckef
(1900) who argued that the neural correla;es of learning pefsist through
tiﬁe after aétive involvement in fhe learning situation ceases and
that other activity introduced immediately after learning interféres
with the consolidation pfocess and results in a retention decrement.
According to their theory, interpolated activity becomes iess detriﬁental
as the specific intervening tasks are inserted after increaéing inter;'.
vals of time,

Walker (1958) similarly sfated that, "one would expect

demonstrable differences in perseverative consolidation

as a function of the interval between ... training

and the interruption.
However; in the current invesﬁigation, not énly did the interpolated
activity (RDT) prove disrupting (as reflected in significantly lower
recall scores in the Post-Story group), it proved to be not "less
detrimental' after an interval of time (3-5 minutes), but rather
produced increments in retention (asreflected in significantly higher
recali scores in the Pre-Story group). Thus, although retroactive
interference on the paft of the iﬁterpolatedrRDT provides a theoretical
construct with which to explain the confirmation of Hypothesis III, it
is an inadequate theérefical formulation as far as anyhexplication of
the confirmation of Hypothesis IV is concerned. In addition to the
.fact that the RDT was an interpolated task for the Post-Story and Pre-
Recall groups, its arousal producing qualities need to be taken into
consideration.

The terms, arousal and stress, are often used interchangeably,
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-although, depending on the conceptual framework in which they are
being employed, they need not be synonymous. Solley, reported by
Rourke (1969) said this of stress:

It is a two-edged sword, aﬁd it is not pecular that iﬁ

can cut two ways. Much depends on how much and how long

the stress is applied to the organism,
Since Soiley‘sbdefinition of a streséful situation (that which "puts
pressure on the individual to perform more accurately or faster or
differently from his normal mode'"), inadvertently describes  the
arousal producing agent herein, employed (RDT) his remarks become
particularly cogent. The RDT wasya "two-edged sword": it disrupted
reéall when it came immediately after the story; it facilitated recall
when it came immediately prior to recall. Here, however, it was not
so much the case of how much and/or how long the stresé was applied;
rathér it was a question of when it was applied,.

One explanation of the RDT's facilitative effect on recall whoﬁ
its temporal placement was immediately adjacent to the recall period is
that proposed‘by Malmo's activation hypothesis. That is, the RDT
increased arousal (activation) to a level which was "moderate" thereby
producing "optimal' performance on the recall test., This explanation
is similar to that proferred in Chapter 1 as an alternative to Bourne's
interpretation of the results of his investigation of the effects of

. . ’
muscular tension on recall, In addition to other procedural differences

between that study and the present investigation, however, is the
critical temporal factor. Bourne was investigating tension (which was
herein interpreted as increased arousal) during recall, whereas the

effects under consideration here are those of arousal before recall.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



130
Since additional analyses of arousal changes SHR and BR x DB) which
oécurred during immediate recall indicated that the groups were not sig-
nifiéantly differentially aroused at that time (See Tables 30 and 31), it
seemed reasonable to conclude that the hiéher recall scores.which Qbfained
in the Pre—Recall‘group were due to the temporal continguity between RDT
énd recall period.

In line with predictions from WaLker's (1958) conéolidation theory,
however, it could be argued that it was the heightenéd arousal shown by
the Pre-Recall group during tﬁe étory (See Figures 12 and 13) which con-
tributed to their higher_recall scores.. If such were the case, however,
aﬁ increment in delayed récall, rather than thé decrement as shown in
Table 11; would have been expected. To insure that arousal differences
during the story were not critical factors in the significantly higher
recall scores of Pré-Recall‘§s, nor in the significantly lowér scores
of Post-Story Ss, arousal measures taken dﬁring the stqu were subjected
to analyses (See Tables 27 and 28), the ;esults of which indicated
that differences in arousal were not significant,

That the significant increases in arousal during RDT édministration
to the Posf-Story and Pre-Recall groups contributed to the significant
findings which confirﬁed Hypotheses 111 and IV, there was liftle quesfion.
In those two instances the RDT served its purpose well, It should be
pointed out, however, that arousal changes shown by these two groups were
significantly different from those shown by the Control groué and not from
each other or Pre-Story as'subsequent analyses indicated (See Tables 25
and 26). Thus, it was not differential afousal as shown by either HR or

"BR x DB in the Post-Story or Pre-Recall group which effected the signifi-
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.éantly lower recall scores of the former and the signifiéantly.higher re-
call scores of the latter., Once again it cén be stated that the crucial
factor in the confirmation of Hypotheses IT11 and 1V was that of the tempor-
al contiguity of the story and RDT (Hyp5thesis 111), and RDIvandv£he réecall
period (Hypothesis‘IV),

Since there has been suggested a relationship between reading rate
and retention (Thalberg,‘1967), it seemed wise to examine reading time (RT)
scores to determine if they had any bearing on the’outcome of tests of Hy-
potheses III and IV, Although Post-Story had the fastest mean RT (see
Table 32), analysis of variancé of RT scores failed to show any statiétic-
ally significant differences between the groﬁps. It éppeared, then, that
reading rate did not affect the recall scores. Further sdpport for this
contention was provided by the outcome of a chi-square test of contingencies'
which obtained between reading rate and recall scores. Results of this
test indicated that reading rates and recall scores were independent in
the sample (see Table 33). This was the case fog both immediate and de-
layed recdll scores. Therefore, it seemed réasbnable to conclude that
reading rate was not a critical variable in the outcome of tests of Hypo-
theses. II1 and IV,

As far as memory time (MT) measures were concerned, Post-Story re- .
quiréd the 'shortest ﬁime in which to write recalls. This was not a surs
prising findinglin view of the fact that it was this gréup which had the
lowest recall scores. Stated simply, it took iess time to write less.

An analysis of variance of MT scores for all groups failed to show signif-

icant differences between the groups. Therefore, it seemed reasonable to

conclude that MT was not a critical variable in affeéting the outcome of
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fests Af Hypotheses IIi and IV which confirmed the predictions that
material whose presentation is immediately folldwed bi‘increased
arousal conditions would show poorer immediate and delayéd recall thah
would ma£erial presented acéording to the other three procedures and
that matérial whose recall is immediately preceded by’incréased arousal
conditions would show better recall than that shown in the other three
groups.

Tha£ Hypothesis II1 was upheldvis in disagreement with Levonian's
(1967) findings which suggested that the effects of arousal on recall
are the same regardless of whether the arousal precedes or follows in-
fofmation presentation. 1In Levonian's study, however;'the mediator of
arousal could not be identified, whereas it was mediated by a specific
interpolated task (RDT) in the Post-Story and Pre-Recall groups in the
_current investigation. The confirmation of Hypothesis III is also at
variance with findings reported by Berlyne et al. (1966) which indicated
that arousal (white noise) after stimulus and response does not affect
immediate or delayed recall.. It should be borne in mind, however, that
wide procedural differenceg precluded the drawing of any direct
comparisons between the results of the present study and those of
Levonian and Berlyﬁe et al. Therefore, doubt is not cést on their
findings, nor on those herein presented. Rather; it can be concluded
that the.effectg of arousal immediately after the presentétion df to-
be- remembered material depend, in paft at least, on the nature of the
mediator of arousal.

The confirmation of Hypotheses I1I and IV provided an answer to
one of the major questions posed by the current study regarding whether

the placement of the mediator of arousal -at different points in the
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learning-recall sequence would differentially affect recall, It
appeared that placement of the arousal-producing agent (RDT) did
differentially affect recall. When it was placed immediately after
the story it impaired recall, whereas its placement immediately before
recall énhanced recall. This suggests that there are distinct memory
processes (e.g., storage and retrieval) and that these processes are

differentially affected by arousal as produced by RDT.

Hypothesis V

1t was hypothesized that material presented during "high'' arcusal
wquld show poorer immediate recall and stronger delayed recall tﬁan
would material presgnted under '"'low" arousal. Hypothesis V was not
upheld. Rather than showing impairment at IR and enhancement at DR,
the high arousal (HA) group, compared with the low (LA), demonstrated
better recall at both recall intervals, Such a findiﬁg at IR provided
support for Malmo's (1959) activation - expected performance paradigm
concerning the relationship between low arousal and lo@ performance,
and moderate arousal .and optimél performance, As was presenied earlier
(see p. 24), however, Malmo's activation hypothesis doeslnot include
predictions regardiﬁg the relétionship between arousalllevel énd delayed
recall, ‘Perseverative consolidation theory, on the other hand, embraces
predictions about both immediate and delayed regall performance., On the
surface of it, the results of the testing of Hypothesis V would indicate
that such predictions were herein refuted.

Failure to uphold Hypothesis V, however, does not necessarily
indicate that the general hypothesis which predicts an interaction

between arousal and recall interval is not tenable. The fact that HA
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‘did not show a recallidecrement at DR, whereés LA recall scores
reflected a five per cent loss over the twenty-four hoﬁr“period,
suggested, although only slightly, that tﬁere was a tendency towards
forgetting on the part of LA Ss. Réminiscence was not manifested by
HA Ss, but they did not show the traditional recall decrement over time.
Thus, although the differential affect of arousal at IR and DR was not
sufficiently gfeat enough to produce a significant interaction, the
" effects were more marked at DR than they were at IR, And it should be
pointed.out that, with the exception of Kleinsmith and Kaplan's
(1963, 1964) studies, the critical differenées in recall between HA
and LA groups have been those which obtained at DR. To'determine
whether there is a trend towérds greater differences at DR as suggested
by the present resuits, further research is required in which another
recall interval (perhaps éne week) is also employed so that the direction
of the results could be ascertained.b It could be speculated that the
oﬁtéome of such a test would show even greater differeﬁcés between the
recalls of HA ahd LA,
- Although the differences between HA and LA recall score; at DR
are consistent withtpredictions from perseverétive consolidation thedry,
the superior recall shown by HA at IR is not. As presented above, this
finding can be explained in terms of Malmo's activation hypothesis. It
could also be afgued, however, that the IR test employed in the current
investigation, because of its temporal placement (7 minutes after the
end of the story presentation), was not an immediate fest of recall in the
strictest sense of the term. Walker (1958) proposed that a perseverative
trace process is’set into motién with the occurrence of any psychological

event and that the process gradually establishes permanent memory
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at the expense of immediate memory by protecting the consolidating
trace from immediate interference. The perseverative naturé of the
hypothesized trace process raised a critical question which is part-
icularly pertinent to the resulés of the IR test shown by HA and LA:

How long was it before the pefseveratioﬁ of traces produced by the
reading of the story became dissipated? From a'neuropsychblogicaL
point of view the duration of revérberation as originally postulated

by Hebb (1949, p. 1435 was estimated at about half a second for a
single '"cell assembly," and a few secondé for a '"phase sequence',
Cytological approaches have suggested, howe&er, that éynaptic activity
can last for several minutes (Eccles? 1965). 1If seven minutes is
considered a longer period of time than '"several" minutes, however, it
can be éssumed that the perseveration .of traces produced bybreading

the story were dissipated before the immediate recall peridd begah;
That consideration would gllow the IR test herein empléyed to be con-
sidered an early DR test. Expected effects of arousal on recall at

the seven minute test, considered as a DR teéf would be noﬁ unlike those
reflected by the results of the HA and LA groups. That is, in keeping
with ﬁtedictions from consolidation theory, HA’wouldbéh;Q better recall
than would LA,

It should be borne in mind that the above explication of the failure
to uphold Hypotﬁ%sis V.is purely speculative., There are other reasons
of a more empirical naturé which can be offered in explanation of the
non-tenability of Hypothesis V. Firstly, the non-discrete nature of
the material to-be-remembered (story) did not allow fof the ordering of
"items" és was the case in those studies which demonstrated the intér-

action phenomenon (Kleinsmith and Kaplan, 1963, 1964; Walker and Tarte,
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1963; Lernian, 1967; ﬁcLean, 1968). Rather,‘§s were ordeeed into
HA and LA groups. 1t is highly likely, hooever, that some parts of the
story were more arousing than were others, It is recommended thét
further investigations of the effects of arousal on the immediate and
delayed recall of connected, heaningful materiai,devise a method whereby
arousal ét specific points in the material's presentafion could be
determined. Such a procedure wouid allow for something akin to the
ordering of items which was precluded in the present ih&estigation.
InspecFion of the actual recalls‘shoWed that certain details (which may
have been differentiélly arousiné) were included in the individual
S's delayed recall'Whereas they had not appeared in his immediate re-
production of the story. It is pogsible that the ordering of details or
sections of the ;tory in térms of théir arousal value may have produced
results which would have confirméd Hypothesis V. .

Secondly, Hypothesis V was genérated from a survey of research
findings in which the retention was measured by the recognition method
while the recall (reproduction) method was hérein employed. The only
pertinent study in which both methods (recognition and recall) were
utilized was that conducted by Williams and Frinke (1968). As previously
pointed out, their investigation did not include any moﬁitoring of
physiological indicants of arousal; however, those Ss who‘presumably
were aroused shoﬁed impairment at IR but enhancement atVDR, with the
controls showing the opposite, when the retention test was one of
recognition. When the recall method was employed, no differences in
recall were in evidence. The fact that differential treatment relation-

ships obtained when retention was measured by recognition rather than
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by recall prompted Williams and Frinke (1968, p. 276) to suggest that:

". . the kind of learning tapped by recall. and re-

cognition may not be identical, or that retrieval

processes involved in the two types of performance are

different, or both,
Their suggestion nthithétanding, the results of their study.could also
be interpreted to mean ‘that arousal differentialiy affects imﬁediate and
vdelayed recall depending on the retention test method employed.

The findings of tﬁe present investigation as they aéply to
Hypothesis V' stand épproximately mid-way between those of Williams and
Frinke, in which no differences were found when the recall method wés
employed, and those cited above in which the interaction befween arousal
and recall iﬁterval was demonstrated whén the recognition method was
used. This may not be mere coincidence since the reproduction (recall)
of coﬁnected? meaningful material, inAa sense, uses-a combination of the
two methods (recall and recognition). As the S began writing his
reproduction, it was a case of unaided recall, but once having completed
the first part of it, he had before him stimuli.which could glicit,
through association, additional detaiis of the story. Theréfbre, the
failurevto uphold Hypothesis V, need not be conétfued as a failure to
demoﬁsfrate the interaction phenomenon in which arousal differentially
affects.immediate and delayed recall. Rather, the phenomenon may have
been obscufed because of the differential effééts of arouéal én recall and
recognition.

Lastly, it could be argued that the use of a repeated measures
design contributed to the negative findings rglated to Hypothesis V,

since it has been shown that an immediate recall of connected, meaningful

material increases the accuracy of a delayed recall (Clark, 1940;
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King and Cofer, 1960; Lana and King, 1960). Be that és it may, the
crucial point as far as the results under consideration weré concerned
indicated that, if accuracy bf'DR was increased by IR, it was noé
increased to the same extéﬁt in both HA.énd LA conditions, Thus, al-
though no significaﬁt interaction was demonstratéd, the'findings regarding
impairment at DR for the LA group provided some supporf fér predictions
from perseverative consolidation theory which were incbfporated in
Hypothesis V,
Expectation 1
It was expegted that thése Ss who showed cardiac deceleration
during the experiment w&uld recgllectithat théy had felt more accepting
than those Ss who showed cardiac acceleration. Expectétion 1 was not
confirmed, but the results at IR were in the predicted direction,
That is, decelerates had higher accepting scores than didvtﬁe accelerates,
On the presentation of the RRS at DR, however, there Qas a modification
in the recollected feelings of acceptance shown by the.decelerates which
indicated.that, in retrospect, they recollectéd that tﬁey had felt less
accepting than their earlier recollections at IR had indicated. This
finding suggested that there was a tendency fof feelings of acceptance of
the experimental situation to be differentially appraised over time.
This éould be intefpreted to mean that individuals who are'initially
‘more accepting of a situation are also more likely to change their
assessment of their feelings towards that situation at a later time.
In other words, those who are quick to accept are also quick to later
reject.

Although Expectation 1 was not confirmed, the direction of the
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results, especially ét IR, lend some support to the proposal put
forth by Lacey et al. (1963) regarding the relationship between direction
‘of heart rate change and acceptance of environment., Failure to confirm
Expectation 1 could be partially due to the fact that the RRS did not
allow for the recording of recollected feelings as they pertained to
different aspects of the experiment. For example, a S may have felt
accepting or rejecﬁing'to a different degree dependiﬁg on which part
‘of the experiment - preparation period in which the electrodes were
applied, periods of '"solitary confinement" in the experimental room,
RDT presentation, story reading, or recall - came to mind as he was
recollecting his feelings about the experiment, Furtherméfe, feelings
at one of these times could have beeﬁ modified by other feélings at
other times during the experiment. If, for example, a § had felt
particularly fejecﬁing towards the RDT, but accepting towards the story,
the effects of the latter might have cancelled, or at leaét modified,
the former. Thus, the magnitude of the scale (Accepting -vRejecting)
ratings could héve'been considerably depressed resultingbin a relatively

narrow range of scores and thereby precluding significant differences,

Expectations 2 and 3
It was expected that those Ss exposed to the RDT during the
experiment would recollect that they had felt less comprehending than
would the control Ss to whom the RDT was not adrrllinistered.k Expectation
2 was coﬁfirmed which could bekinterpreted to mean that lack of com-
~ prehension felt by the treatment groups resulted from the absence of
any intrinsic connection bétween the two experimental tasks of judging

" circle size and reading a story.
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Expectation 3 which predicted that Ss presented with ;he RDT

would recollect that they felt more aroused than would the controls was
not confirmed. As expecte&, the treatment Ss were more aroused
accordiné to their recollections than were the controls, but the differ-
ences we;e not sufficiently large enougﬁ to produce séatistical
significance, That Expectation 3 was not confirmed is in keeping with
the fact that Hypothesis I, which predicted‘arousal‘iﬁcreases in all
treatment groups, was not upheld in all cases, Failufe to éonfirm
Expectation 3, then, need not be construed as a negative.finding; Rather,
the results suggested a positive correlatioh between physiological and
phenomenological indices of arousal which is consistenﬁbwith recent
findings reported by Frankenhaeuser, Froberg, Hagdahl, Rissler,

Bjorkvall and Wolff (1967).

EXéectation 4

It was expected £hat those Ss who recollected that they felt
more accepting during the experiment wéuld produce better recalls than
would those Ss who recollected that they felt more rejecting. Expect-
atidn 4 was not confirmed, but a finding of no little importance resulted,
Contrary to predictions, the fejecting group produced superior recalls,
although this situation obtained only at IR. At DR thebdifferences
had almost totally disappeared. In éther words, the rejecting group
showed significant forgetting, whereas the acce.pting group demonstrated
a slight reminiscence effect. Viewed within consolidation theory frame-
work,>this outcome suggested that the accepting group were relatively
more aroused than the rejecting group. An equally attractive inter-

pretation, however, is that different attention factors were operating
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in the two groups. That these two interpretations arg‘not mutually
exclusive is supported by Solley's (1969) work on stréss and attention
as well as Daly's (1969) speculations on the relationship between
attention and arousal. A

When it is borne in mind that it was not the ordering‘of Ss on.the
basis of physiological measures of arousal which produced the interaction
between éxperimental conditions and recall interval, but the ordering
of Ss ip terms of their recollections regarding their feelings during-
the experiment, the cruciality of phenomenological adjuncts to psychological
investigations becomes very apparent. The important oflthe phenomeno-
logical findings which resulted f£rom the testing of Expecfétion 4,
in general, provided additional weight to Hanfmann's (1964) conviction
that more attention should be devoted to the analysisuof the "inner
state" of the individual. 1In particular, they extend suéport to Bart-
lett's (1932) contention that part and parcel of schema formation,

operation, and reproduction are affective aspects of the experience,

‘Expectation 5

It was expected that those Ss who were ordered into the "high"
arousal group on the basis of HR and/or BR x DB changes ‘during the
sfory Qould reéollec; that they felt more aroused than would those Ss
who were ordered into the "low" arousal group. Expectation 5 was not
confirmed, although there were small differences in recollected feelings
of arousal in the direction predicted. This finding is in line with
the outcome of tésts of Hypothesis I and Expectation 3 wherein it was
found that the RDT:did nbt produce overall increases in arousal of

significant magnitude and the treatment Ss did not recollect that they
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felt more aroused, at a significant level, than did the controls. 1In
other words, ;here were differencés in arousal, as recorded physiologically,
as well as phenomenologically, but they were not suffiéiently great
enough to produce significance., Therefore, the failure to coﬁfirm

1 - Expectation 5 was not a‘surprising finding.

‘When the ratings made by the high and low arousal groups on alll
four scales of the RRS at both IR and DR were subjected to énalysis,
however, an interesting interaction Qas observed. The high arousal
group demonstrated an increase in both their recollections of pleased
feelings and éomprehending feelings, whereas the low arousai group
demonsfrated the reverse. In view of the fact that it was'the LA group
who showed the significantly lower recall ;cores at IR, as well as
manifesting a retention loss at DR, the above interaction between
feelings (of pleasure and comprghension) and recall interval was a
meaningfui outcome. In otﬁer words, the modifications in the pleased
and comprehending fgelings of tﬁe two arousal groups in part,hcould be
‘reflections of their subjective assessments of their performance on the

recall tests,

Implications of the Findings
Although the results herein presented and discussed‘afe equivocal,_
the implications which they have for experimental as well as applied
(especially educational and clinical) psychology are numerous. Those
salient are:‘ (1) Assessment of the individual's "inner state',
especially as it relates to his accepting feelings, as well as those of
pleasuré and comprehension, is crucial to ‘an understanding of ﬁhe outcome

of a procedure in which arousal is-a critical variable. (2) Personality
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factors,-eSpeciélly those which relate to the introversion - extraversion

continuum, need to be taken into consideration when choosing Ss for future

i
|
f

research in which degree of arousal is involved. (3) The temporal place-
meﬁt of an arousing situation has a direct bearing on the degree of change
in arousal as physioiogically measured as well as on that which is recalled.
(4) Hear£ raté remains a more reliable physiological indicant of arousal
than. do breathing measures as guaged by a Respiration Transduéer.
The importance of assessing the individual's feelings can be apprec-
~iated when tﬁe significant inferaction between accepting-rejecting feelings
and recall interval is borne in mind (See Tables 22 and 23). This is
possibly the.first demonstration of such an interaction -- an'interaCtion
which educational psychologists have long proposed. .
The cruciality of assessing personality factors can be understoad
in terms éf the large error varianceé which resulted in the preéent
investigation wherein sugh assessment was not included. When the con-
tribution to overall variancevmaae by individyal differences clouds the
"real" differences which exist between treatment groups, personality

variables must be brought under experimental control,
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CHAPTER V
SUMMARY AND CONCLUSIONS
The major purposévof the present investigation was to assess the
affects of degree of afousal, as well as those of time of arousal upon
immediate (7 minutes) and delayed (24 hours) recall of'connected,
'meaningful material, Four groups of undergraduates weré ;;%ed to read
Bartlett's (1932) story, '"The War of the Ghosts" and then reproduce
it at the designated times. Afousal was produced experimentally
through the administration of a modified version of Belanger's (1957)
Rapid Discrimination Test (RDT). The groupé were originally different-
iated on the basis of whether the'RDT was presented iﬁmediately before
the story (Pre-Story), immediately after (Post-Story), immeaiately
before recall (Pre-Recall) or not al all (Controlj. Heart rate (HR)
and>a multiplicative measure combining respiration rate and amplitude
(BR x DB) were fhe physiologiéal indicants of arousal employed. Recalls
were scored for content words used in the original version of the story.
A survey of the theoretical and empirical literature led to the
proposal of the following hypotheses:
Hypothesis I. The RDT will produce a significant in-
crease in arousal as reflected in HR
and/or BR.
Hypothesis I1 Material presented during increased
: arousal conditions will show poorer
immediate recall and stronger delayed

recall than will material presented
under neutral conditions.

144
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Hypothesis 111 Material whose presentation is
immediately followed by increased
arousal conditions will show poorer
immediate and delayed recall than
material preceded by increased arousal
conditions, material whose recall is
preceded by increased arousal con- .

i ditions, or material presented under
neutral conditions.

Hypothesis IV Material whose recall is immediately
preceded by increased arousal con-
ditions will show better immediate
and delayed recall than material whose
presentation was either preceded or
followed by increased arousal con-
ditions, or material presented under
neutral conditions,

Hypothesis V. Material presented under "high"
arousal will show poorer immediate
recall and better delayed recall than
material presented under "low'" arousal.

With respect to these hypotheses, the results of the study in-
dicated the following: Hypothesis I was upheld in the case of HR
changes as shown by the Post-Story group, and in the case of BR x DB
changes as manifested by the Pre-Recall group; in all other instances
Hypothesis 1 was rejected; Hypothesis 11 was rejected; Hypothesis 111
was‘upheld; Hypothesis IV was upheld; Hypothesis V was rejected, but
the results bearing upon this hypothesis suggested a trend in the

redicted direction.

The rejection of Hypothesis II was discusced in relation to the
adequacy of the RDT as an arousal producing agent for purposes of
demonstrating the interaction between increased arousal conditions and
immediate and delayed recall. That Hypothesis I was only upheld in

two instances out of six indicated that the RDT was not a completely

adequate mediator of arousal for such purposes. The rejection of
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Hypothesis I in four instances was discussed in terms of iﬁdividual
‘differences in physiological responsivity’and the contributions pbssibiy
made to those differences by such things as the threat value of the
experimental situation, and personality Variablés. In addition, the
time of arousal; i.e., the time of RDT administration was discussed in
a physiological gdntext in terms of its relevance to the partial re-
jection of Hypothesis 1. The validity and reliability of the multi-
‘plicative breathing measure (BR x DB) were questioned., As bhysiological
indicants of arousal»they possibly provided inadequate4data for the
testing of Hypothesis I,

The significance of additional findings concerniné differences in
reading time and memory time as well as those of arousal changes shown
during RDT, story, and recall were discussed in terms of their relevance
to the confirmation of Hypotheses III and IV. That HypdthéSis IT1 was
upheld was discussed within the framework of perseverétivé consolidation
theory as well as that of interference. Malmo's (1959) activation

' hypothesis was supported by tﬁe confirmation of Hypotﬁésis IV. The
upholdiné of both Hypbthesis I11 and IV suggested thaf there are
distinct memory processes - storage and retrieval - and that these
processes are differentially affected by arousal as produééd by the RDT.

Rejection of Hypothesis V was discus:ed in terms of the possibie
differential affects of arousal on immediate and delayed recall depending

on the method of measuring recall - reproduction or recognition. In
-addition, the need for further research in which an earlier immediate
test is employed as well as an additional delayed test so that the

suggested trend, which was in the predicted direction, could be better
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ascertained, was discussed. It was further suggested that a procedure
be devised which would allow continuous presentation of the connected,
meaningful material so that arousal at specific points in its present-
ation could be determined.

The failure to uphold Hypothesis V was not considered a refutation
of the general hypothesis which tests predictions from pérseverative
consolidation theory. Rather, unequivocal conclusions concerning the
effects of arousal on immediate and delayed recall of connected,
meaningful material await future experimentation.

Ancillary expectations related to the phenomenological aspects of
the current investigation also proposed were as follows:

(1) Those subjects who show cardiac deceleration (de-
crease in HR) will recollect that they felt more
accepting during the experiment than those subjects
who show cardiac acceleration (increase in HR),

(2) Those subjects exposed to the RDT will recollect
that they felt less comprehending than will the
controls.

(3) Those subjects exposed to the RDT will recollect
that they felt more aroused than will the
controls. :

- (4) Those subjects who recollect that they felt more
accepting during the experiment will show better
recall than those subjects who recollect that they
felt more rejecting, :

(5) Those subjects who are ordered into the "high"

- arousal condition on the basis of HR and/or
BR changes during the story will recollect that
they felt more aroused than will those subjects
who are ordered into the '"low" arousal condition.

These expectations were tested through analyses of the Re-

collection Rating Scale (RRS) data as they related to HR change,

treatment groups, and recall scores,  The results of the investigation
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with respect to the expectations indicated that: Expectation 1 was
rejected, but ﬁhe results were in the predicted direc;ion when the

RRS was administered at immediate recall; ExpectationVZ was confirmed;
Expectation 3 was rejected, but the results bearing upon fﬁis expect-
ation.were in the pfedicted direction; Expectation 4 was rejected, but
the results in question indicated a trend in the direction opposite

to that which had been predicted; Expectation S was rejected, but the
results were in the predipted direcfion.

The rejection of Expectation 1 was discussed in terms 5f the
failure on the part of RRS to discriminate between recdlleéfions of
feeiings which occurred ;t>different times during the experiment, That
Expectation 3 was not confirmed was discussed in the light of failure
to uphold Hypothesis I. The rejection of Expectation 4 was discussed
in terms of the importance of phenomenological adjuncts to psychological
investigations. Failure to uphold Expectation 5 was discussed in
the light‘of rejection of Hypothesis I and Expectation 3,

Although it was only Expectation 2 which was confirmed, with the
exception. of Expecfation 4, the results bearing on the other expect-
ations were in the prédicéed direction. Unequivocal éonclusions con-
cerning the relationships between feeling states, physiological indices
of arousal, arousal conditions and recall awaitthe results of future
résearch in which a more precise instrument for measuring subjective
emotional experiences is employed. The equivocal nature of the present
findings notwiﬁhstanding, implications for experimental and applied

psychology were presented.
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Appendix A
RDT Slide Presentation Order

Presentation No. B Correct Circle
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Appendix B
The War of the Ghosts

One night two young men from Egulac went down to the river to hung seals,
and while they were there it became foggy and calm., Then they heard war-cries,
and they thought: ”Maybé,this is a war-party." They escaped to the shore,
and hid behind a 1§g. Now canoes came up, aﬁd they heard the noiée of'paddles,
and saw one canoe coming up to them. There were five men in the canoe, and
they said: "What do you think? We wish to take you along., We are going up

‘ the river to make_war on the people,"

One of the young men said: "I have no arrows."

"Arrows are in the canoe," they said.

"I will not go along. I might be killed. My relatives do not know where
I have gone, But you," he said, turning to the other, "may go with them,"

So one of the young men went, but the other returnéd home, |

And the warriors went on up the river to a town on the other side of
Kalama. The people céme‘down to the water, and they began to fight, and many
were killed. >But presently the young man heard one of the warriors say: '"Quick,
let us go home: that Indian ﬁas been hit," Now he thought: '"0Oh, they are
ghosts." He did not feel sick, but they said he had been shot; |

So the canoes went back to Egulac, and the'young man went ashore to his
house, and made a fire. And hé told everybody and said: "Behold I accompanied
the ghosts, and we went to fight. Many of our fellows were killed, and many
of those who attacked us were killed, They said I was hit, and I did not feel
sick."

He told it all, and then he became quiet. When the sun rose he fell déwn.
Something black came out of his mouth, His face became contorted. The people
jumped up and cried. ‘ .

He was dead.
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Appendix C -

Name

Mor F

Age

Group

Recollection Rating Scale
INSTRUCTIONS:

You will be asked to think of the experimental situation which you
have just experienced and to rate it on 4 scales., The 4 ratings should
show how you felt during the experience. The first rating is a measure
of how pleasant the situation was. The second rating indicates how
aroused you felt, how involved you were in what was going on. The third
rating shows the extent to which you accepted or rejected the situation,
Finally, the fourth rating tells whether you felt puzzled and "at a
loss'" to explain what was happening or whether you felt thoroughly
comprehending and "in the know." ‘

Each scale consists of a row of 18 numbers with a single word at
each end of the row., The 2 words have opposite meanings and define the
scale. Circle a single number of each scale to indicate how you felt
during the experiment., By circling a low number you indicate that you
felt like the word at the left end of the row, by circling a high number
you indicate that you felt like the word at the right end of the row, and
by circling a number of intermediate value you indicate that you felt
little more like one word than like the other. In other words, you
are to measure your own feelings, using &4 different 18-point scales,

If you cannot remember exactly how you felt during the experiment,
just imagine how you probably felt. It is perfectly all right to guess
what your feelings were like,

Now think about the experimental situation, How did you feel?
Show your feelings by rating them on the following 4 scales,

PLEASED : DISPLEASED
o 1234567891011 12 13 14 1516 17 18
INDIFFERENT AROUSED
T 1234567891011 12 13 14 15 16 17 18
ACCEPTING , REJECTING
1234567891011 12 13 14 15 16 17 18
 PUZZLED : COMPREHENDING

1234567891011 1213 14 15 16 17 18
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Content Words

accompanied

all
along
are
arrows
ashore
attacked
back
be
became
been
began
behold
black
calm
came
canoe
canoes
comiﬁg
contdrted
cried
dead
did

do

Egulac

escaped

evefybody
face
feel
fell
fellows
fight
fire
five
foggy
ghosts
go
going

gone

: had
" has

-have

he

heard

hid

his

home

house

hunt

1

Indian'
is

it
jumbed?
Kglama
killed
know
let

log
made
man
many
may
make
maybe
men
might
moﬁth

my

night

noise

no
ndf

now

one

oh
other
our
paddles
people

presently

 quick

quiet
relatives
returned
river

rose

‘something

sun

said

say

saw

shore

shot

sick

seals
take
that
them
there
they
think
this
those
thougﬁt
told
town
turning
two

us

war
wér—cfies
waf-party
warriors
was
water
we

whét

will
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wish
you

young
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10
11
12
13
14

15
16
17
18
19
20
21

22
23
24
25
26
27
28
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PreFExperimental, Mean, and Post-Experimental Basal Readings

Pre

84

90

90
102
90
66
96

90
120
90
90
72
920
78

78
120
60
72
72
84
66

84
78
84
72
66
- 84
84

HR

Mean

90
87
. 90

102

84
66
90

87
117
920
88
74
90
77

78
115
64
75
75
- 84
72

78
78
78
72
63
87
81

~Post

96
. 84
90
102.. -
78
66
84

84
114
90
86
76
90
76

78
110
68
78
78
84
78

72
78
72
72
60
90
78

Pre

177.12

102.84

404 , 40

198.58
115.38

88.73
125.88

395.01
240.82
299.95

95.70
156,80

123.42

336.60

419.39
173.29
176.25
146.20
198.00

72.15
247.50

431.68
108.19
159.44
204.56
134,24
128.15
189.66

BR x DB
Mean

185.31
102,20

397.66

178.82
106.12

92.56
103.93

355.98
271.94
341.15

97.85

163.30
148.41
316.90

419.64
130.66
143.62
145.82
244,44

81.72
278.95

350.64
106.52
160,82
252.28
151.84
171.53
178.73

kPost.

193.50

101,56

390,92
159.06
96.88
96.39
81.98

316,96
303.05
382.35
100.00
169.80
173.40
297.21

419.89

88,02
111,00
145.45
290.88

91.30
310.40

269.60
104,84
162,20
300.00
169.45
214,91
167.80
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Group

Controly

Control2

Control

3

Pre-Story

Post-Story

Pre-Recall
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10
11
12
13
14
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17
18
19
20
21

22
23
24
25
26
27
28
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Arousal During RDT (HR)

Beginning

Appendix F
Base
90 96
87 - 84
90 96
102 108
84 84
66 . 66
90 9%
90 84
87 96
90 102
102 102
84 87
66 72
90 96
90 102
87 87
90 96
102 96
84 90
66 60
90 96
87 84
117 126
90 90
88 84
74 66
90 102
77 96
78 95
115 126
64 70
75 78
75 78
84 78
72 72
78 84
78 . 78
78 78
72 84
63 90
87 96
81 96

Mid-Point

90
90
90
108
87
66
96

90
96
90
102
84
66
90

90
90
96
96
84
78
390

78
120
90
90
72
102
90

90
132
72
920
78
78
78

84
81
78
75
96
108
105

End

96

84
90
96
84
66
926

84
90
90
96
84
66
96

90
90
96
96
84
72
90

78
120
90
84
72
96
90

78

120

72
90
72
72
78

84
72
84
78
93
96
93
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Group

Controll

Pfe-Story

Contr012

“Post-Story

Control3

Pre-Recall.
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Base

185.31
102.20
397.66
178.82
106.12

92.56
103.93

355.98

271,94

341.15

97.85
163.30
148,41
316.90

185.31
102,20
397.66
178.82
106.12

92,56
103.93

419.64
130,66
143,62
145.82
244 .44
81.72
278.95

185.31
102,20
397.66
178.82
106.12

92.56
103.93

350,64
106.52
160.82
252,28
151.84
171.53
178.73

Arousal During RDT (BR x DB)

Beginning

155.04

87.35
458,22
186.96
178.50

72.15
133.29

248.71
270.94
238.14
227.76

58.05
241,88
330.88

242,07

90.85
341.51
184.60
276.56

74.96
113.54

516.45
119.99
180.00
189.48
122.55

98.35

88.52

154.53
93.31.
266,64
117.81
187.50
54.56
76.34

433.67
111.14

39.36
258.38
210.00
150.00
430.32

Mid-Point

160.81
122,94
396.27

60.97
200.00

80.00
1059.78

292.60
213.36
305.04
277.35
100,00
315.34
307.91

224,89
164,71
300.04
119.97
216.71

60.69
156,46

541.62
117.40
118.52
197.11
206.85
470.00
270.90

259.61
101,27
281.51
138.46

" 163.91

89.66
96.53

188,54
168.49

62.14
368.10
250.00
280.44
250.05

155

End

161,04
101.04
412,80
203.48
350.00

80.28
161,10

328.95
200.00
238.00
247.95
200,04
196.38
285.21

139.96
124,36
311.30
100.62
100.80

66.26
136.79

397.39
220,00
102.08
238.28
167.48
400.00
179.16

215.32
74.98
335.00
133.76
98.09
77 .34
121.88

586.30

87.08
191.82
211,80
249.90
217.50
280.43



Group

Control

Pre-Story

Post-Story

Pre-Recall

ln

~Noounm b+

8

9

10
11
12
13
14

15
16
17
18
19
20
21

22
23
24
25
26
27
28

HR Change
Begin Mid
-12% -6

3 3
6 0
-3 - 6
0 0
0 0]
15 6
- 3. 3
3 3
0 0
-16 -10
-2 4
6 6
13 7
0 0
17 17
8 2
9 9
6 9
-3 0
6 0
9 3
18 6
9 6
6 0
15 9
21 6
12 9

Arousal During Story

End

'
[ NeNele. NNt Ne)

'
N =
AOOANNO O W

p— —
AW N ~=O

-t

P
WwWLw OoONO

* Values Represent a Decrease From Base

BR x DB Change

Begin

- 40,73
- 29.42
179.94

12,90

166.31
13.77
41.76

- 56.12

70.08
- 84.05
- 30.64
-114,14
- 10.36
- 89.54

-128.64
- 53.53
40.94
-172.93
-.73.04
- 42,03
2.66

63.62
164.74
-122,95
- 86.76
156.68
71.51
- 58.75

Mid

- 88.45
33.84
60.35

- T.44

145.29
10.56
41.38

203.88

13.42
- 74.93
- 34,31
- 93.74
26.94
8.38

110.67
6.46
54,38
75.45
- 16.96
- 23.38
- 13.36

37.18
-79.69
8.98

- 12,93
83.57
202.48
21.27
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End

- 10.92
9.95
139.76
23.45
223.88
- 10.06
73.33

39.03
-114.93

13.09
- 41.93
- 80,23
100.63
- 31,90

63.52
12,72
- 8.53
65.27
- 8.44
- 53.94
20.93

-154.66
50.64
6.86
- 51.28
21,32
439,52
27.52



Group

Control

Pre-Story

Post-Story

Pre-Recall

!

~SNovnun W =

10
11
12
13
14

15
16
17
18

19

20
21

22
23
24
25

.26

27
28

“Arousal During Immediate Recall

HR Change
Begin ~Mid
-12 0

9 9

N Y 12
6 0
6 12
6 18.
12 12
3 9
3 -3
15 6
2 2
13 4
15 12
7 7
21 6
11 2
14 8
9 3
3 9
12 0
6 12
0 0
6 6
6 0
6 0
15 9
21 9
15 9

End

1

Pt

-
NN Do oy

[ '

—
ocUuNOON Y

Pt

VOO

BR x DB Change

Begin

- 53,64
66.98

- 293.09

73.00
265.45
73.24
21.07

- 46.22
42,22
52.81

- 16,04

-111.88

- 31.05

-.59.08

63.15
77.06
15.24

54,22

21.10
218,17
-180.39

-244,76
106.33
- 1.44
65.24
- 86.68
- 67.49
112,49

Mid

107.53
197.81
495.45
125.08
300.85

50.24

59.27

115,98
182,36
49.70
17.55
109.57
29.59
155.97

159.48
110.66
12,94
118.18
89.91
377.12
90.71

157.63
26,16
. 77.61
175.16
50.96
40.54
4,83
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End

11.70
131.50
297.72

67.34
328.01

32.44

- 3.94

134,88
300.01
83.51
- 3.41
- 88,25
91.66
- 84,07

- 40,68
103.72
- 31.12
23.18
-100.25
231.24
- 64,58

- 71.54
172.48
- 88.12
3.43
6.04

- 40.78
46.29



S Sex

- CW
1 M 150
2 M 102
3 ~F 92
4 F 80
5 F 64
6 M 80
7 F 60
8 M 118
9 F 115
10 F 80
11 M 47
12 M 57
13 F 76
14 F 147
15 F 49
16 M 90
17 F 71
18 F 67
19 F 104
20 M 96
21 M 58
22 F 90
23 M 121
24 M -98
25 F 83
26 F 75
27 F 140
28 M 149

Appendix G

Recall Scores

Immediate Recall

WP

285
229
154
188
111
138
116

203
215
173
127

108

150
250

110
162
149
141
182
172
117

151
219
202
177
146
250
212

WM

131
83
87
66
61
68
57

115
99
74
A

54

68
128

46
79
68
64
94
89
53

78
105
93
76
70
111
137

WO

82
51
53

39

39
40
40

71
56
46
28
33
34
73

28
48
42
35
54

55

32

44
62
52
48
46
65

- 80

CwW

154
104
87

70

72
74

125
107
76
54
65
66
146

34
83

- 66

75
88
95
56

77
117
98
83
98
111
146

Delayed Recall

WP

286
277
162
188
128
141
153

214
214
173
140
137
152
248

125
183
150
195
167
177
115

146
219
210
180
197
243
205

W

139
86
79
a7
58

62
67

123
95
70
41
59
57

133

30
76
59
72
77
‘86

53

65
99
92
75
89
"92
135
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82
52
47
34
38
40
40

72
53
40
27
36
38
76

20
51
39
39
43
58
34

41
61
48
48
52
55
78
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Reading Time

1 3.88
2 3.08
3 1.90
4 2.33
5 2.41
6 2.19
7 3.12
8 2,90
9 3.13
10 2.13
11 . 2.35
12 3.32
13 1.75
14 3.06
15 2.72
16 2.34
17 1.76
18 - 2.23
19 2,32
20 1.53
21 2.42
22 2.45
23 3.50
24 2.36
25 2.15
26 2.34
27 - 3.18

28 2,48

Memory
IR

15.97
16.88
6.25
6.94
4.99
5.19
6.12
7.63
9.97
6.64
7.07
4.66
7.85
12,53
7.00
9.05
6.99
5.89
7.53
9.50
6.05
5.77
9.82
9.32
7.47
6.62
11,28
15.28

Time
DR

14,98
14,48

- 6.79

6.12
6.00

5.64.

7.67
6.53
9.67
7.14
7.83
5.63
9.19
12,96
8.20
7.97
7.26
8.43
9.0z
10.10
5.59
5.17
9.33
7.22
6.68
7.94
10.86
9.88
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Appendix H -

Ordering of Ss on Basis of HR Change During Story

Group | S Beginning Mid-Point End
HA 1 -12 - 6 0
15 6
8 -3 3 9
11 -16 -10 -10
13 6 6 ' 6
14 13 7 26
16 17 17 11
18 9 15
19 6 9 3
23 18 6 12
24 9 6 0
26 15 9 9
27 21 6 15
28 12 9 3
LA 2 3 3 3
3 6 0 6
4 -3 -6 -6
5 0 0 0
6 0 0 0
9 3 3 -3
10 0 0 0
12 -2 4 -2
15 0 0o 0
17 8 2 2
20 -3 0 - 6
21 6 0 6
22 9 3 0
25 6 0 0
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Appendix 1

1mmediéte>Recall

I-A

15
12
18

2
14
11
14

13

9
17
17
11
17
15

18
15
14
13

9
18
11

13
17

6
15
17
15
13
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5
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Delayed Recall

I1-A

14

10
17
3

15

9
14

14
11
14
17
11
16
15

18
17
12
13

9
17
12

13
16

5
13
17
15
12
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Accelerates

lwn

11

12

19

20

Appendix J
Heart Rate

‘HR

Decelerates
s s
2 17
3 18
5‘ 21
6 22
7 23
13 24
14 25
15 26
16 27
28

Ordering of Ss on RRS Aécepting - Rejecting (A-R) Scale

Accepting S
2

"3

10
11

12

s

13

16

18

20

23

24

25

26

28

Rejecting Ss

1

6

14
15
17
19
21
22

27
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