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ABSTRACT

Previous research has yielded conflicting results regarding the
effects of caffeine on word list recall. Erikson et al. (1985) found
that caffeine impaired recall among females when words were presented
at a slow rate. Arnold et al. (1988) observed a facilitory effect of
caffeine on the recall, after practice, of females tested during
Days 1-5 of tne menstrual cycle. Research on cognitive task
performance among females suggests that performance varies according to
the phase of menstrual cycle. Medical research demonstrates a
relationship between estrogen and caffeine metabolism. In this study,
it was hypothesized that females” recall of word lists would vary with
level of caffeine administered and phase of the menstrual cycle. It
was further hypothesized that the performances of oral contraceptive
users and non-oral contraceptive users would dif:er.

Two hundred and eight females were administered 0, 2, or 4
milligrams of caffeine per kilogram of body weight. Approximately half
of the subjects used oral contraceptives. Subjects were tested during
either Days 1-5 or Days 9-13 of the menstrual cycle. Subjects heard 13
lists of 12 words and wrote their reosll immediately after hearing each
list_ "~

The proportion of words recalled from the primacy, middle, and
recency portion of each list was computed. A 3(Caffeine) x 2(Pill) x
2(Phase of Cycle) x 3(Practice) x 4{Presentation Rate) x 3(SerlaL

Position) AiIOVA was performed. A dose x serial position Interaction

.............. i E JBHW
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Indicated that caffeine facilitated recall for words in the primacy

position.

A dose x pill x _phase x rate x serial position interaction was
*xo>m 12— fiOt .-

observed. A%ong subjects tested during Days 1-5, caffeine facilitated
M m ,-U'-. V=" _ _ _
recall only among oral contraceptive users for words in tne primacy
position at the two slowest rates. Among subjects tested during
qg@ 9-13, caffeine facilitated recall for words in the primacy

position at the three slowest rates among non-oral contraceptive users
and for words in the middle position at the fastest rate among oral
contraceptive users.

Results suggest that among females, the effect- of caffeine on

word list recall are modulated according to the level of estrogen in \as

their system.
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INTRODUCTION

The effect of caffeiiie on human memory functioning has become a
focus of research only within the recent past. Much of this research
has been conducted within a theoretical framework developed by Humphreys
and Revelle (1984) which incorporates the variables of personality,
arousal, time of day, and motivation into a model to account for
differences in performance on memory tasks. At the same time, medical
research on the physiological effects of caffeine has demonstrated a
relationship betwoe. caffeine and estrogen, although the exact nature
of this relationship requires further clarification. Finally, research
concerning the effect of endogenous hormones on cognitive functioning
has demonstrated a relationship between phase of menstrual cycle and
perfoiw”~ce on cognit ve tasks.

This dissertation has combined elements from each of these areas
of research to examine the potential Interactive effects of phase of
menstrual cycle and caffeine on human memory performance.

Specifically, this project, examined the effect of caffeine on human
memory performance and examined whether different phases of the
menstrual cycle modulated the size or direction of this effect. The
contribution of each of the above mentioned areas of research will be

examined, beginning with the effect of caffeine upon memory.



Arousal and Memory Research

The Yerhes-Dodson Law (1908) concerns the Influence of arousal on

v 7 performance. This law states that there is an inverted U function

W$c4

. relating performance and cortical arousal, such that optimal

“performance occurs at medium levels of activation or arousal. Goth low

and high levels of cortical arousal will lead to less than optimal
levels of performance. Therefore, individuals should perform at their
best when their level of cortical arousal ,or activation is at an optimal
level, i.e., they are neither underaroused nor overaroused.

The effects of caffeine on behavior have bee*l studied within a
framework of a theory of personality proposed by Eysenck (1967) which
postulates that the personality dimension of introversion/extraversion
is based upon physiological differences between individuals,
specifically an individual®s level of cortical activation or arousal.
Arousal level is controlled in the brain by the reticular activating
system. Eysenck proposed that introverts have a higher base level of
arousal than extraverts. According to Eysenck®"s theory, the behavior of
extraverts results from their attempts to raise their level of arousal
to an optimal level. The introvert™s level of cortical arousal is
higher and, thus, already near the optimal level. The behavior of
introverts is explained as an attempt to avoid overstimulation by
maintaining their optimal level of arousal.

The examination of the effect of caffeine on memory performance
has its roots iIn an experiment conducted by Revelle, Amaral, and
Turiff (19761 to examine the effects of arousal on cognitive
performance. The experimental task consisted of a 60-item verbal test,

(similar to the Graduate Record Examination), which consisted of



analogies, antonyms, and sentence completions. In this experiment,
subjects were administered three comparable forms of this test under
three increasingly stressful conditions on three consecutive evenings.
In one session, subjects were allowed as much time as they needed to
complete the items, A second condition, the time press condition,
required subjects to complete another comparable test in 10 minutes. In
a third condition which combined time press plus caffeine, subjects
were administered ZOO milligrams of caffeine and, after an absorption
period, were given LO minutes to complete a third 60-item test.
Subjects were classified as introverts or extraverts based upon their
score on the Eysenck Personality Inventory, a self-report instrument
designed to measure the introversion/extraversion dimension of
personality as well as sociability and impulsivity. Results of the
study indicated that the performance accuracy of extraverts improved
across increasingly stressful or arousal producing conditions, while
the performance accuracy of introverts declined. Caffeine appeared to
aid the performance of extraverts and hinder the performance of
introverts. In terms of Eysenck"s theory, caffeine raised extraverts”
level of cortical arousal to a level which enabled them to perform the
task more accurately than without caffeine. Furthermore, caffeine
impaired the performance of introverts because, theoretically, it led
to overstimulation of their cortical system.

A more precise method of manipulating the level of cortical,
arousal was employed in a subsequent replication of this expel ,.ment by
Gilliland (1980). All subjects completed the same verbal ability test
employed by Revelle, Amaral, and Turlff (1976) under a 10-minute time

press condition. Next subjects were administered caffeine according to



their body weight. Subjects received either a placebo, 2 milligrams of
caffeine per kilogram of body weight, or 4 milligrams of caffeine per
kilogram of body weight. Following administration of the drug,
subjects waited for 30 minutes for the caffeine to be absorbed into
their systems and then completed a comparable form of the test under a
10-minute time press condition. For introverts, the 2 milligram per
kilogram level of caffeine improved performance relative to the
placebo, and the 4 milligram per kilogram level of caffeine decreased
performance so that it was equivalent to introverts®™ performance under
the placebo. For extraverts, caffeine improved performance across
increasing dose levels.

Subsequent investigation (Revelle, Humphreys, Simon, & Gilliland,
1980) has led to several modifications of the basic hypothesis that
increased arousal impairs the performance of iIntroverts and aids the
performance of extraverts. Analysis of subscales of the Eysenck
Personality Inventory revealed that the impulsivity subscale was a
becter predictor of the effect of caffeine than the introversion/
extraversion score. That is, the personality by caffeine interaction
described above was more reliably and robustly observed by Revelle
ec al. (1980) when the impulsivity subscale score was used to define
trait arousal as computed to the introversion/extraversion score.
Revelle et al. (1980) also found that the time of day in which subjects
were tested critically influenced the direction of the personality by
caffeine interaction. For low impulsive subjects, i.e., introverts,
caffeine hindered performance in the morning but facilitated
performance in the evening. The reverse occurred for high impulsive

subjects, or extraverts; caffeine facilitated their performance during
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evening. Based upon this, u revisioAvbf Eysen&k's theory was
suggested. IMocher than an overall difference between introverts and
exf.averts in level ©: arousal, the revised theory proposed that
N\
we I_ntrqvgrts and ,a (I:@verts have thgﬂ.sjame ovval.l level o, arousal, but
Ath-vvni-.,;nlm _ | r v —h >e )
that there are stable differences in the phases of diurnal rhythm of

introverts and extraverts which affect the relationship between
personality and performance

This revision of Eysenck®s theory is consistent with the
Yerkes-Dodsun Law (1908) which states that low and high levels of
arousal will lead to less than optimal performance. According to this
law, the 2 milligram per kilogram dose of caffeine may facilitate the
performance of low Impulsive subjects (i.e. introverts) who may be
operating at slightly less than optimal levels of arousal in the
morning. However, their performance declines under the 4 milligram per
kilogram dose of caffeine because it overstimulates them, pushing them
to high levels of arousal. During evening hours, when low impulsive
subjects (introverts) are underaroused, caffeine raises their level of
cortical arousal to medium levels, thus producing optimal performance

The Yerkes-Dodson Law (1908) can also account for the performance
of high impulsive extraverts. During the morning hours, the high
impulsives are operating at levels of cortical arousal which are so low
that a high (4 milligrams oer kilogram) dose of caffeine is needed to
raise their level of cortical arousal to an optimal level In the
evening, when high impulsives expedience greater cortical activation
further stimulation by the drug caffeine leads to overarousal which

results in performance decrement
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Bééed %;¥£?§#i§'6h the aforementioned research, Humphreys and
ReVelie M(f%Si) d%Celoped a conceptual moMeE to account for the effects
of_;;rsonality, situational moderators, and motivational states upon
information progessing and cognitive performance. According to this

[ R
model, the personality trait of impulsivity interacts with time of day
to Aete>ﬁéne the subject'é level of arousal, such that low impulsive.,
aﬁxperience peak levels of arousal early in the day and high impulsives
experience peak levels of arousal later in the evening. This level of
arousal can be manipulated by stimulant drugs such as caffeine.

tile model further states ihat information processing consists of
two components, sustained information transfer and short-term memory.
Sustained information transfer is reflected in performance on such
tasks as reaction time, vigilance, simple arithmetic, and letter
cancellation. These tasks require the subject to process a stimulus,
associate a response to the stimulus, and erecute the response. These
tasks are characterized by little need to retain information in
short-term memory, little or no distraction, and rapid pacing or
temporal uncertainty. Short-term memory tasks include such tasks as
memory for prose and recall of word lists. Short-term memory tasks
require subjects to maintain the incoming information in an available
state by rehearsal or other processes. Sustained information tasks and
short-term memory tasks may be viewed as two ends of a theoretical
continuum. In practice, some elements of each are Involved in most
tasks: however, experimental tasks are often selected which consist:

chiefly of one or the other of these Information processing components.

The,ntolei assumes that information processing capacity is limited and



that resources will be allocated according to th demands of the task
and the availability of the resources.

Humphreys and Revelle (1,984) have postulated a negative
association between arousal and short-term memory performance such
that a hxgh .level of arousal leads to a decrement in performance on
tasks which place heavy demands on short-term memory, such as memory for
prose or recall of words. However, a positive association exists
between arousal and sustained information transfer such that a high
level of arousal leads to improved performance on sustained information
transfer or vigilance tasks such as reaction time, letter search, and
simple arithmetic.

Andersen and Revelle (1982) manipulated caffeine and impulsivity
using a proofreading task to test the hypothesis that the effects of
increased arousal depend upon the processing demands of the task.
According to the -terbrook hypothesis (1959), the effects of arousal
on performance arc mediated by the effects of arousal on range of cue
utilization. That is, the higher the level of arousal, the narrower
the range of cues utilized to perform the task, with irrelevant cues
being eliminated first. Anderson and Revelle (1982) tested 60

subjects, classified as either high or low impulsive, who were

administered either 4 milligrams of caffeine per kilogram of body Pva
weight or a placebo dissol\ed in a glass of orange flavored breakfast SIS
dri.ik. After a 30-minute absorption period, they proofread three
iillile

passages. In the first passage, subjects were instructed to correct
an. errors they detected, regardless of type, «/ith no reference made
regarding the two experimental types of e rors in the passage. In a

second passage, subjects were asked to find interword errors, which

>

il



were contextual errors such as faulty grammar or incorrect word usage
In a third passage, subjects were asked to identify intraword or
noncontextual errors such as misspellings or typographical errors
Detecting interword errors may be viewed as a task with a larger
short-term memory component than detecting intraword errors, since the
former would require more manipulation of words and phrases in a
sentence in order to determine if the word was a contextual error
Caffeine resulted in lower interword error detection for low impulsive
subjects relative to the placebo conditiin, while caffeine improved
the interword error detection rate of high impulsives. These results
are congruent with the Humphreys and Revelle (1984) model and support
the suggestion that caffeine iImpairs performance on tasks with a
short-term memory component

In a subsequent experiment, Anderson and Revelle (1983) utilized
a visual search task with varying processing demands to examine whether
or not the effects of caffeine change as a function of the task demands

on short-term memory. The task required subjects to pick out target

letters from strings of 20 target size, i.e., the number
of different letters to be the string, was manipulated. A
target size of two letters low short-term memory load and

a target size of six represented a high short-term memory load
Eighty-four subjects classified as either high or low impulsives were
administered ether 4 milligrams of caffeine per kilogram of body weight

or a placebo dissolved in an orange flavored beverage drink. After a

under a 3-minute time press condition

slightly improved (to a non-significant
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degree) peii&rman“ee t~lle searching for the two letter target» a low
memory load task, and hindered performance while searching for the six
letter target, the high memory load task. These results support the
Humphreys and Revelle (1984) model which states uhat high levels of
arousal will impair performance on tasks which have a high short-term
memory load.

Further support for tire Humphreys and Revelle (1984) model is
found in the research of Bowyer, Humphreys, and Revelle (1983) who
investigated the effect of arousal on recognition memory. In this
study, subjects were administered either 4 milligrams of caffeine per
kirogram of body weight or a placebo. After a 45-minute absorption
period, they were shown four lists (two 24-item and two 80-item) of
four letter words. Immediately following each list, they were g_ven a
forced choice recognition test on the last 20 words of each list. The
performance of the highly ar,oused subjects (low impulsives receiving
the 4 milligrams per kilogram dose) showed a much _mailer decline in
performance from the first to fourth list. The repeated performance of
this recognition test over four lengthy lists contains elements of a
vigilance task aiti requires more sustained attention and less
manipulation of information in short-term memory. The Humphreys and
Revelle (1984) model predicts that heightened arousal will be
accompanied by improved performance on a sustained information transfer
task such as this. The performance of the least aroused subjects (high
Impulsives receiving the placebo dose) declined progressively from the
first to fourth list. Thus, Bowyer d: ai, (1983) interpreted these

results to support the Humphreys and Revelle (1984) model.
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A shortcoming of the caffeine research conducted up to this point
was that the tasks employed such as GRE test performance (Revelle,
Amaral, & Turiff, 1976), proofreading (Anderson & Revelle, 1982), or a
visual search task (Anderson & Revelle, 1983) lacked a sound theoretical
basis. This made it difficult to ascertain which specific components of
information processing were being rniluenced by caffeine.

Information processing theorists have used the serial position
effect to illustrate the dissociation between long-term and short-term
memory (Craik, 1970; Murdoch, 1962). When asked to recall items from a
list of words In any order, subjects remember more items from the
beginning and end of the list than from the middle, thus forming a
U-shaped curve of words remembered. The greater retention of items
from the first part of the list has been attributed to the fact that
these items have been rehearsed and, thus, moved into long-term memory.
This phenomenon is known as the primacy effect. The better recall of
items from the end portion of the list is attributed to these items
still being In short-term memory. This is called the recency effect.

Brodie and Prytulak (1975) demonstrated that the changes in free
recall attributed to serial position, rate of presentation, and delay
of recall can be accounted for by two phenomena: rehearsal time and
item retention interval (tne amount of time between last rehearsal, and
recall). In a series of experiments, the amount of rehearsal t4me and
the rate of presentation, were manipulated. n the first experiment,
subjects were presented with lists of 18 w."ds presented at three
rates: one word every 1,25, 2.50, or 5.00 seconds. Subjects were
permitted to spontaneously rehearse lists “f words. Their subsequent

recall either Immediately followed tbj presentation of the last word or
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wis delayed for 15 seconds, during which time subjects courted
backwards by three"s to prevent additional rehearsal. Results indicated
that increased rehearsal time due to slower presentation rate was
responsibla for improved recall in the primacy and middle portions of
lists presented at slow rates. Improved recall of terminal items was
due to the fact, that the items were rehearsed later, i.e., the item
retention interval was smaller.

In a second experiment, the amount of rehearsal time spent on the
primacy, middle, and recency portions of the word lists was manipulated
by asking subjects to concentrate on the primacy, middle, or terminal
portion of the list as it was presented. Again, lists of 18 words were
presented at three rates, and recall was either immediate or delayed.
Results indicated that the amount of time spent on rehearsal was highly
correlated with recall, even when the rehearsal pattern was not the
subject™s usual one. This finding provided additional support for the
theory that changes in rehearsal are responsible for changes in recall
performance.

Crailc <19701 provided further evidence for the presence of two
memory stores by employing a final free recall task. Subjects were
presented with 10 lists of 15 words each and, Immediately following
each list, were asked for their recall of words from the list. After
all of the lists had been presented, subjects were asked for a final
recall of the entire series of lists. Analysis of results indicated the
presence of a negative recency effect; that is, subjects”™ final recall
was poorest for items from the recency portion of the list, items which
had been retained for the shortest period of time prior to the

immediate recall. Recall was best for items from the primacy portion
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of the list, presumably because these items had been retained long
enough to enter long-term memory,

Just as it has been shown that the amount of time spent on
rehearsal can influence, the number of items remembered, so it can be
demonstrated that the efficiency of processing information in working
memory will influence the amount of information remembered. Perfetti
and Lesgold (1979) have described the "bottleneck in comprehension™
which may occur as a result of too much information impinging at one
time upon working memory. They maintain that while the capacity of
working memory cannot be increased, it can be more efficiently utilized
to increase comprehension. The bottleneck in working memory capacity
can be influenced by three components which may exist independently or
interact to interfere with comprehension. The first component of the
potential bottleneck has to do with the speed and automation >
decoding. If an individual is able to translate the visual
representation from print to phonologically referenced words with ease,
less woiking memory capacity will be required for this task. Skill at
decoding single words and reading comprehension have been found to be
highly related in children (Perfetti & Hogaboam, 1975). The second
component of the potential bottleneck Is the speed of accessing
information about decoded words from long-term memory. Rapidly
accessing word meanings minimizes the processing capacity necessary for
this task and allows more capacity for comprehension processes. Hunt,
Frost, and Lunneborg (1973), found that individuals with high verbal
ability, 1.e., large vocabularies, were able to rapidly handle data
more easily than individuals with _.lov verbal ability. The third

component of the potential bottleneck involves strategies used in



processing. .A skilled reader possesses efficient strategics which
facilitate comprehension by taking advantage of the rules of language
structure*™" According tF> the bottleneck hypothesis, increasing the
speed with which incoming stimuli are decoded will lead to improved
performance because it will leave an increased amount of time for
manipulation of information in working memory.

These principles of Information processing theory were applied in
an experiment by Erikson et al. (1985) which examined the effect of
caffeine on the free recall of supraspan word lives. Forty-seven males
and 60 females were classified as either high or low impulsive on the
basis of subjects®™ scores on the Eysenck Personality Inventory.
Subjects were administered 2 milligrams of ccffteine per kilogram of body
weight, 4 milligrams per kilogram, or a placebo, dissolved in a glass
of orange flavored breakfast drink. After a 30-minute absorption
period, subjects were presented with 9 lists of 12 words each. Half of
the lists were presented at a fast rate (1 word per second) and half at
a slow rate (1 word every 3 seconds). Immediately after hearing each
list, subjects orally recalled the words they remembered.

Results indicated that females who received caffeine showed
impaired recall for words at the slow rate of presentation. For males,
there was no significant effect of caffeine on recall performance. It
was suggested that '‘caffeine may be affecting the efficiency with which
the information was encoded or manipulated in working memory" (ErJkson
et al., 1985, p. 10".

The Erikson et al. (1985) study used two rates of presentation and
found that caffeine impaired recall at the slower rate. This result was

attributed to caffeine”s impairment of performance on tasks that place



high demands on working memory under the assumption that a slow rate of
presentation represents a more demanding task than a fast rate of
presentation.

The Erikson et al. (1985) study appears to be the first to have
investigated the variable of sex as a possible factor in the effect of
caffeine on memory performance. The sex difference obtained was
attributed to three possibl- reasons: (@) the use of a male sample
size that was insufficient to test the hypothesis, i.e., only 47 males
and 60 females were tested; (b) the fact that females in the study
reported consuming significantly greater amounts of caffeine than
males; or (c) a hypothesized sex difference in the rate of metabolism
of caffeine wherein caffeine might be absorbed into the system and
broken down differently for females than for males.

A final result ol the Erikson et al. (1985) experiment was that ic
failed to replicate earlier findings with regard to the personality
variable of impulsivity. Inipulsivity did not interact with caffeine on
any of. the variables investigated.

A replication and extension of the Erikson et al. (1985) study by
Arnold, Petros, Beclav.ith, Coons, and Gorman (1987) sought to clarify
and strengthen aspects of the earliei experiment. Since Erikson et al.
(-1985) found that caffeine"impaired performance only at the slow rate,
the replication included four rates of presentation rather than two in
order to more clearly elucidate the effect of rate on the influence of
caffeine on memory performance. In addition to the two rates employed
by Erikson (@ word per second arid 1 word per 3 second: ), a faster rate
(@ word per .5 second) and a slower rate (1 word per seconds) were

added.
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In order to clarify the subtle effect of caffeine, care was taken
to control for other possible variables which might, influence memory
performance. For example, subjects *ere required to abstain from other
substances which might interact with caffeine such as medications
(24-hour abstention required) and alcohol (48-hour abstention
required).

Erikson et wl. (1985) had observed sex differences in the effect
of caffeine such that caffeine impaired recall for females out not for
males. In order to more carefully investigate the effect of caffeine
on females, potential female subjects were screened by Arnold et al.
(1987) for oral contraceptive use and only females not taking oral
contraceptives served as subjects. In order to minimize differences
among females caused by endogenous hormonal fluctuation associated with
the menstrual cycle (Asso, 1983), each female subject in the experiment
was tested only during one of the first 5 days of her menstrual cycle.

Finally, Arnold et al. (1987) employed a sample size appropriate
to the design in order to Increase the probability of detecting the
subtle effect of caffeine. Eighty-two males and 75 females served as
subjecths™ Subjects were divided by level of irapulsivity (high and low),
caffeine doseBOY, 2, or 4 milligrams of caffeine per kilogram of body
weight), and sex iIn£b”l2 groups.

Caffeine or placebo was orally administered to subjects in 6
ounces of orange flavored breakfast drink using the same dose levels and
following the same procedure used by Erikson et al. (1985). After a
30-minute absorption period, subjects listened to one practice and 12
experimental _lists of 12 words, comparable to those used by Erikson

et al. (1985). Lists were presented at each of the four rates of
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presentation and recall; of all lists, subjects wrote a final free recall

of words from all of the lists.

Results of this study indicated that caffeine facilitated recall
for females under the 2 and 4 milligram per kilogram doses at the third
level of practice, but impaired recall for males at the second and
third levels of practice under the 2 milligram per kilogram dose only.
In addition, a marginal interaction of caffeine, sex, and rate occurred
such that caffeine impaired recall of males under the 2 milligram per
kilogram dose for words at the slow rate of presentation and improved
recall for males under the 4 milligram per kilogram dose for words at
the fast rate of presentation. In summary, caffeine was found to
facilitate recall in females and to impair recall in males.

The larger sample sixe can account for the discrepancy between
the results of Arnold et al. (1987) for males and those of Erikson
et al. (1985). First, an examination of the Erikson et al. (1985)
means for males at the slow rate of presentation indicates that recall
declined with caffeine, but not enough to reach statistical
significance. The use of a more appropriate sample size for the design
permitted a more powerful test, enabling this subtle decline to reach
statistical significance.

The stricter controls employed by the Arnold et al. (1987) study
may explain the discrepant findings for females. The use of a more
hom<geneous sample eliminated a variety of factors which potentiall”

could have influenced performance in the Erikson et al, (1985) study.
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One factor which was specific to females was the exclusion of subjects
using oral contraceptives from the Arnold et al. (1987) experiment.
Research (Abernethy & Todd, 1985) has demonstrated that caffeine takes
longer to be absorbed by the system and remains in the system (i.e.,
has a longer half-life) for a significantly longer time among oral
contraceptive users than among non-users. Furthermore, it is possible
that controlling for endogenous hormonal variation explains the
discrepancy in performance between this sample of females and the
sample employed by Erikson et al. (1985), since differences in
cognitive performance across the menstrual cycle have been demonstrated
in some past research (Broverman et al., 1981; Graham, 1980). All
female subjects in the Arnold et al. study (1987) were tested during

one of the first 5 days of their menstrual cycle.

Reproductive Cycle Research

The hormonal variation which occurs across the menstrual cycle
appears to be varied and complex. At least four hormones are involved
with the female reproductive cycle. These include estrogen,
progesterone, follicle stimulating hormone and luteinizing hormone.
The estrogens are a class of female steroid hormones. Within this
class, estradiol-17B is the most plentiful estrogen and the one which
has been used as a measure of overall estrogen levels. Steroids o~ sex
hormones are derived from cholesterol. They are produced in the
adrenal gland and ovaries (testes in males) (Federman, 1981). Steroid
levels are regulated by positive and negative feedback mechanisms.
Positive feedback is a process whereby the effect produced by an

action, e.g., the release of a hormone, enhances or maintains an



action. In negative feedback, the opposite occurs. The effect causes
a reduction or termination of the action (Carlson, 1986). Gonadotropin
releasing hormone (GnRH) is secreted by the hypothalamus and stimulates
the re] ~ of follicle stimulating hormone (FSH) and luteinizing
hormone (LH), called gonadotropins, at the site of the anterior
pituitary gland. These gonadotropins, in turn, are carried by the
blood to the site of the ovaries (or testes) where estrogen and
progesterone are produced. The levels of these hormones vary greatly
across the menstrual cycle and are regulated by the gonadotropins.

The hormonal fluctuations of the menstrual cycle are precisely
orchestrated to bring about the production and release of a mature ovum
each cycle. F r the purpose of study, the menstrual cycle has been
arbitrarily divided up into five phases: the menstrual phase which
.lasts from Days 1-5; the follicular phase lasting from Days 6-12; the
ovulatory phase from Days 13-15; the luteal phase from Days 16-23; and
the premenstrual phase from Days 24-28. While the average cycle _length
is 28 da$s, a great deal of variation in cycle length exists among
women. This variation occurs ?n the pre-ovulatory portion of the cycle
while the length of the ovulatory and post ovulatory phases tends to
remain stable across women, with approximately 14 days between
ovulation and the onset of menstrual bleeding (Asso, 1983). Variation
is greater among younger women than older women. This may be due, in
part, to the fact that younger women experience u greater number of
anovuxatory cycles than women between the ages of 20 and 35. In a
study of 87 college women with a mean age of 19.2 1.3 years conducted

by Broverman et al. (1981), it was found that 24% of the sample
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experienced an anovulatory cycle during the course of a 1-month long
experiment.

During the paramenstrum, i.e., the combined premenstrual and
menstrual phases, estrogen is at the lowest level it will reach across
the entire cycle. Also during this time, follicle stimulating hormone
(FSH) reaches one of the two peaks In blood level it will achieve
during the cycle. These two hormones have a negative feedback
relationship such that high levels "of estradiol are accompanied by low
levels of FSH (see Figure 1). The premenstrual drop in estrogen is
accompanied by a surge in FSH. The FSH initiates maturation of a
follicle in one of the ovaries. As this maturation progresses, the
ovary produces increased amounts of estrogen. Therefore, a gradual
rise in estradiol level occurs during the follicular phase along with a
drop in the level of FSH.

Toward the end of the follicular phase, estrogen reaches its
highest level. As it begins to decline, a dramatic increase in the
levels of FSH and LH occurs. This is called the midcycle gonadotropin
surge. This surge has been a-Tibuted to a positive feedback
relationship between luteinizing hormone releasing hormone (bH-RH),
also known as gonadotropin releasing hormone, and estrogen which produce
the midcycle surge (American Medical Association, 1986). Although much
remains unknown about this midcycle surge, it has been demonstrated
that in order for this surge to cccur estrogen must reach a critical
level and remain there for a minimum period of time, at least several
hours (Shaw, 1978). The role of FSH in this midcycle surge is not
understood, yet it is known that ovulation does not occur If the LH

peak occurs without a concomitant FSH surge. The level of progesterone
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Figure 1. Relative levels of oestradrol, progesterone, FSH, and
LH throughout the menstrual cycle (Asso, 1983; adapted from Shaw
1Q78).
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Secreted by the ovaries also begins to rise prior to the midcycle
gonadotropin surge and it has been proposed that progesterone has both
a positive and subsequent negative feedback relationship with the
gonadotropins, possibly by facilitating gonadotropin release at the
pituitary or hypothalamic level.

Twenty-four hours after the peak in LH, the mature follicle bursts
and releases a mature ovum from the ovary. Changes in the epithelial
lining of the vagina and quality of mucus secretions which have begun
under the influence of estrogen during the preovulatory phase culminate
at this time to enhance the probability of fertilisation and
implantation. During the ovulatory phase, estrogen continues to
decline from the peak it achieved during the final portion of the
preovulatory phase.

The luteal phase is characterized by the collapse of the follicle
from which the mature ovum was released and its transformation into the
corpus luteum. Under the influence of Mi, the corpus luteum secretes
progesterone and estrogen. The 14-day luteal phase is divided into two
parts. During the first 7 days, the rise in progesterone serves to
prepare the endometrium for the possible reception of a fertilized
ovum. If this does not occur, a 7-day regression period occurs. The
end of the growth period and the beginning of the regression is thought
to result from the interaction of estrogen with prostaglandins from
the endometrium (Cutler h Garcia, 1980).

filially, during the premenstrual phase, estrogen levels and
progesterone* levels decline sharply resulting In changes In the
endometrium which cause it to shed its lining and, thus, produce the

menstrual flow. The low level of estrogen again activates :*e negat ve
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feedback mechanism of FSH and the level. if this gonadotropin begins to
rise, initiating the maturation of another ovarian follicle.

TI”s endogenous cyclical hormonal variation in women is modified
by oral contraceptive use. Tne most commonly used oral contraceptives
include mixtures of a synthetic estrogen and a progestin (American
Medical Association, 1986). Other oral contraceptives, called
minipills, contain progestin only. Oral contraceptives are available

In low or regular’ doses containing less than 50 mirrogr”™ms or 50
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estrogen remains stable but the level of progestin varies according to

rnicrograms of estrogen, respectively. In phasic regimens, the level of mEm

the day of the cycle. Phasic oral contraceptives ern be biphasic or
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triphasic, depending upon the progestin regiren used. Biphasic oral

1= contraceptives conté%n two levels of progestin In the cycle During
.part of the cycle, a low level of progestin will be ingest, i, later in
the cycle a higher level will be ingested. Triphasic oral
contraceptives contain three levels of progestin. Again, the level of
progestin varies according to the phase of the cycle. These different
variable dose oral contraceptive regimens have beet developed to
accommodate individual differences among women ?n th.-ir physical
tolerance of hormonal contraceptive agents in an effort to minimize
side effects.

Combination oral contract,sr es exert their influence by

inhibiting ovulation through . .-"gotl"e feedback effect on the
hype thalamus whirls titers the release of gonadotropins from the
anterior pituitary. Both the re’ease of FSH during the menstrual and
early follicular phases, and the midcycle surge of gonadotropins are

inhibited by tne estrogen components of the orrl contraceptive.
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Plogasttn containing minlpills, on the other hand, exert their
influence by causéng the.;ormation of a thick cervical mucus which ia
impenetrable by sperm and by increasing the amount of time required for
the ovum to be transported through the Fallopian tube. Progestin-tniy
oral contraceptives, do not inhibit ovulation (American Medical
Association, 1986).

A etudy of serum gonadotropin and ovarian steroid levels in women
during the administration of a triphasic oral contraceptive preparation
demonstrated that oral contraceptives exert their Influence by
inhibiting the midcycle surges of tH and FSH (Ling et al., 1985).

Among women who were already using oral contraceptives, either at

fixed doses or in triphasic preparations, the follicular increase in
FSH was also inhibited. However, among women who had preciously not
used oral contraceptives, the follicular increase in FSH was within the
normal range.

Medical re unc i has contributed to knowledge about the
interaction of _afl«lt*e ? 4 estrogen. Impaired elimination of caffeine
by oral contraceptive steroids was demonstrated by Patwardhat., Desmond,
Johnson, and Schenker (1960). Thirteen males, nine females taking oral
contraceptives for longer than 6 months, and nine females not on
contraceptives ware administered 250 milligrams of caffeine. Subjects
were all moderate coffee drinkers who hod abstained from caffeine
containing beverages and mediealiens for at least 2 days. Blood
samples were collected a 15. )ril minutes and 1, 1-1/2, 2, 1, 4, 5,
6, V, 8, 24, 52, and 48 hours. The rate of caffeine absorption was
found to be equal In all gioupa with peak plasma levels reached within

30 to 60 minute#. The half-l1if"e of caffeine was significantly longer
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tcfi females using oral contraceptives than for females not using oral
contraceptives (10.7 vs. 6.2 hours). No differences in the
pharmacokinetic effects (i.e., the absorption time, distribution in the
body, metabolism, and elimination) of caffeine were observed between
women in the. First half of their menstrual cycles versus those in the
second half. Patwardhan et al. (1980) concluded that the observed
decrease in the rate of elimination or clearance of caffeine from the
body may be related to increased estrogen and/or progesterone load
while taking oral contraceptives.

A mo*.e recent 6t:udy (Abernethy & Todd, 1985) examining the effect
of low dose estrogen containing oral contraceptives on caffeine
clearance supports the findings of Patwardhan et al. (1980) with regard
to the elimination of caffeine from the system. In this experiment,
nine females who had been administered low dose estrogen-containing
oral contraceptive for longer than 3 months were matched with nine
non-smoking, drug free females. All subjects were within 20% of their
body weight. Subjects were administered 325 milligrams of citrated
caffeine with 100 mi 111 lit.era of water, the equivalent of 162
milligrams of caffeine base. Blood samples were collected before tne
dose and after 5, 10, 15, 30, 45, and 60 minutes, and 2, 3, 4, 6, 8,

10, and 24 hours. Results indicated that oral contraceptive users
experienced a half-life of caffeine that was significantly longer than
nor~oral contraceptive users (7.88 hours vs. 5.37 hours). However,
contrary to the work of Patwardhan et al.. (1980), Abernethy and Todd
(1985) found that, the length of time for caffeine to reach peak

concentration was significantly longer tor subjects bn oral



contraceptives than for subjects not on oral contraceptives (91 vs. 47
minutes).

Impaired elimination of caffeine during the second and third
trimesters of pregnancy has also been observed (Aldridge, Bailey, &
Neims, 1981). Pregnancy subjects who had abstained from foods and
beverages containing caffeine for at least 24 hours were administered 5
grams of coffee containing 177 milligrams of caffeine. Salivary
samples were collected immediately before ingesticn of caffeine and 2,
4, 8, 12, and 24 hours after ingestion. One group of eight subjects
waj tested once during the first trimester of pregnancy. Another
group of seven subjects was tes:ed longitudinally on at least five
occasions during and after pregnancy. Results of the analysis of
salivary samples Indicated that the half-life of caffeine increased as
pregnancy progressed from 5.3 hours during the 11th week to 18.1 hours
during the 38th week, and dropped dramatically within the first week
after birth to 5.4 hours. Aldridge et al. (1.981) attribute this
impaired elimination of caffeine during pregnancy to decreases in the
rate at which caffeine undergoes biotransformation in the liver. The
authors indicate that progesterone and estrogen can slow down the
blotransformat.ion of caffeine.

In a related area of medical research, estrogen and caffeine have
been linked as factors in the postmenopausal loss of bone mass (Heaney,
1992) . In a longitudinal study of woman from premenopausal middle age
to old age, subjects’ salf-seJbeted dietary habits were observed. A
50% increase in the amount of caffeine ingested led to an Increased Hl
loss of calcium both in the urine and in the .intestinal tract. This
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resulted ~n an overall negative calcium balance whereby the amount of

calcium taken in was inadequate to maintain bone structure.

Menstrual Cycle and Cognitive Performance Research

The third general area of research pertinent to this project ha&
investigated the effect of endogenous hormones such as estrogen on
cognitive functioning. .The effect of sex steroid hormones on task
performance has been investigated by Broverraan, Klaiber, Kobayashi,
Vogel and others in a long series of studies. In an early review of
research in this area (Broverman, Klaiber, Kobayashi, & Vogel, 1968),
two categories of cognitive tasks were identified: automatized tasks
and perceptual restructuring tasks. Automatized, or perceptual motor
tasks are defined as simple, overlearned, repetitive behaviors measured
in terms of speed, accuracy, or frequency of occurrence and which
require minimal mediation by higher cognitive processes. Examples of
automatized Casks include speed of naming colors, reading speed, a digit
symbol task which requires subjects to rewrite digits into a
predetermined code of simple symbols, typing, eye-blink conditlondng,
and visual acuity, terceptual restructuring tasks include complex
behaviors which require problem solving, delay, or reversal of usual
habits. Some examples of perceptual restructuring tasks include maze
performance., the ability to retard overpracticed motor movements,
counting backwards, and habit reversal.

Broverman ot al. (1968) hypothesized that, "sex differences In
cognitive abilities are reflections of differences In relationships
between adrenergic activating and cholinergic inhibitory neural

processes which, in turn, are sensitive to the "sex’ hormones.
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androgens and estrogens' (Broverraan et al.» 1968, p. 24). Sex
differences in the performance of these tasks have been demonstrated in
humans and animal species such that females outperform males on
automatized tasks while males outperform females on perceptual
restructuring tasks. According to Broverman et al. (1968), sympathetic
nervous system domination facilitates performance on simple perceptual
motor tasks requiring activation while parasympathetic domination
facilitates performance on perceptual restructuring tasks which require
inhibition. The theory is based upon the results of drug and hormonal
studies which have manipulated adrenergic and cholinergic systems.
Interestingly, caffeine is mentioned as one of a class of adrenergic
stimulants which increases sympathetic nervous system activation and
thus facilitates performance on automatized tasks.

According to this theory, sex differences In task performance are
related to the sex steroid hormones estrogen and androgen
(testosterone). The effect of steroids upon the sympathetic nervous
system is accomplished by fluctuations in levels of monoamine oxidase
(MAO), an enzyme which breaks down adrenergic (sympathetic nervous
system) neurotransmitters such as i jrepinephrlne and epinephrine.
Facilitation of neural transmission in the sympathetic nervous system
is accomplished by reducing levels of monoamine oxiuase (MAO).

Estrogen and testosterone both suppress MAO activity in the
hypothalamus, resulting in increased activation of the sympathetic
.nervous system. While both steroids increase the activation of the
sympathetic nervous system, estrogen activates the sympathetic nervous
system to s much greater extent than does testosterone because it Is a

more potent MAO inhibitor.
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mmmr According to Broverman et al. (1968), evidence of an effect of
steroids on the pairasympathetic nervoas system comes from experimental
demonstration that behavioral activity decreases following removal of
the ovaries and testes and the level of choline acetylase, an enzyme
wHiLh is responsible for the synthesis of acetylcholine, rises in the
hypothalamus. It has been speculated that increased production of
acetylcholine is responsible for the inhibition of behavior. The
administration of estrogen reverses both the inhibition of behavior and
the increased level of choline acetylase.

Thus, the effects of steroids upon both the sympathetic
(activation) and parasympathetic (inhibitory) systems are hypothesized
by Broverman et al. (1968) to be responsible for the sex differences in
performance of automatized and perceptual restructuring tasks, with
females more likely to experience sympathetic domination (activation)
while males are = >re likely to experience parasympathetic domination
(inhibition).

Since high levels of estrogen are hypothesized to facilitate
performance on automatized tasks and impair performance on perceptual
restructuring tasks, Broverman et al., (1981) investigated the effect
of menstrual cycle related changes in estrogen on the performance of
these tasks. Specifically, they hypothesized that the performance of
females would be facilitated on automatized tasks and impaired on
perceptual restructuring tasks oy tile preovulatory peak in estrogen
which occurs immediately prior to midcycle. They further predicted
that t >ges jrone peak which occurs during the second half of the

cycle would inhibit th. c;ct of the concomitant poscovulatory

estrogen peak. This inhibitory effect of progesterone would result in
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impaired performance on automatized tasks and Improved performance on
perceptual restructuring tasks.

Eighty-seven women who were not taking any form of medication,
Encluding oral contraceptives, participated in the Broverman et al.
(1981) stu&yi”:Daily basal body temperatures were taken and recorded by

= - YA ] , u G5/
subjects each morning throughout the study before arising and before
1 -

- -, Er .
eating, drinking,*or’gneltinQ{\JSubjects were administered a battery of
two automatization tasks and two perceptual restructuring tasks on two
separate occasions, Day 10 (x 2 days) and Day 20 (+ 2 days) of their
menstrual cycle. Half of the subjects began their sequence on Day 10
and the other half began their sequence on Day 20.
One of the automatization tasks required the subject to reud, as

fast as possible, 10 lines of the words "red,” 'green," or "blue,” The
second automatization task required the subject to name, as fast as
possible, 10 lines of small red, green, or blue color patches. On both
of these tasks, the subject’s score was the amount of time it took to
complete the task.

One perceptual restructuring task consisted of five items from
Mitkin’s embedded figures Tost, which requires the subject to detect a
figure embedded in a ground of random lines. The subject"s score was
the average time it took her to ideal-"fy all five items. The second
perceptual "estructuring task include-" four items from the WAIS block
design subtest. These were scored in the standard manner. Different
sets of Items were administered at each of the two sessions. Subject"s
scores on all of these tests were compu ed according to a formula to

arrive at an Automatization Index which reflected the degree of each

Subject"s automatization cognitive pattern, with positive values



indicating strong automatizers and negative values indicating weak

The basal body temperature records for each subject enabled the

experimenters to retrospectively determine the proximity of the testing
Among

those subjects who had ovulatory cycles, four groups were established
(@) Group 1,.where Day 10 testing occurred within 3 days of the thermal
nadir (i.e., the lowest basal body temperature of the cycle) and Day 20
testing occurred on or after the thermae peak; (b) Group 2, where Day 10
testing occurred within 3 days of the thermal nadir but Day 20 testing
occurred before the thermal peak; (c) Group 3, where Day 10 testing
occurred more than 3 days before the thermal nadir and Day 20 testing
occurred on or after the thermal peak; and (d) Group A, where Day 10
testing occurred more than 3 days before the thermal nadir and Day 20
testing occurred before the thermal peak. The subjects were divided
into these groups because it was hypothesized that proximity to the
estrogen and progesterone peaks would correlate with task performance
Results of analysis indicated that only the means of Group 1 showed
Significant differences between Day 10 and Day 20 scopes. This was the
group in which testing had occurred in closest proximity to the
estrogen and progesterone peaks. These significant differences for
Group 1 occurred for three out of the four tasks, reading color names
naming colors, aid embedded figures. The speed of reading color names

v 8 significantly faster at Day 10 than at Day 20; the speed of naming

of these were automatization tasks. Conversely, on embedded figures



the perceptual restructuring task, performance was significantly slower
on Day 10 than on Day 20.

Thus, Broverman et al. (1981) demonstrated that changes In
performance on automatization and perceptual res:ructuring tasks occur
and that these changes are temporally related to the estrogen and
progesterone peaks of the ovulatory menstrual cycle. Apparently the
nagpitude of change is so slight that it can be observed only when
subjects are tested at times close to the hormonal peaks.

Another study which found a relationship between performance on
cognitive tasks and estrogen levels was conducted by Graham (1980) who
looked at both within subject anu between subject differences in
estrogen. It was hypothesized that differences in cognitive behavior
would occur between the period of low estrogen level and high estrogen
level. Furthermore, it was hypothesized that during the luteal phase
of the cycle when estrogen levels were not at their peak and
progesterone was exerting some antiestrogen effect, cognitive behavior
would be more inhibited, Il.e., that initial automatized response
tendencies would be delayed, resulting in better performance on more
complex problem solving types of tasks which require some delay in
order to think through the problem before responding,

forty- eight women between the ages of 20 and 35 with fairly
regular menstrual cycles participated in this study. Each subject kept
a record of daily basal body temperatures for 1 month prior to
participation and during the month in which the testing occurred. This
was done in order to help estimate the location within the cycle of the

thermal shift which is known to occur with ovulation.
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Subjects were tested at three phases of the cycle: the early
follicular phase (Days 3-4; some testing done on Day 5 or 6), the
Ovulatory phase (Days 13™-14 with a range from Day 10 to Day 19) and
the mid-luteal phase (Days 20-25)- Estrogen levels during the early
follicular and ovulatory phases were determined from 24-hour urine
specimens. Testiig sessions were counterbalanced so that one-third of
the subjects entered Che Study at each of the three phases.

At each session, subjects were administered a battery of eight
tests. The Rod anc Frame Test required the subject to adjust a
luminescent rod to vertical i1h a darkened room when the rod was within
a tilted luminescent frame. The digit symbol task was a timed, written
task which consisted or transforming numbers into simple symbols as
quickly as possible. Tilt embedded figures task consisted of finding a
figure within a ground of random lines. The time estimation test
required subjects to estimate a predetermined time interval and measured
the difference between their estimation and the. actual time interval.
Subtraction and addition tasks consisted of a number of basic
arithmetic problems which subjects completed as quickly as they were
able. Naming colors was a Stroop task which consisted of looking at
rectangular catches of different colors lined up on a piece of pape*-
like words, and naming the colors as fas™ as possible. Reading color
names, another Stroop task, consisted of reading as fast as possible the
names of colors written on a sheet, of paper. Portoua Hazes consisted
of mazes from two aeries of mazes, both the Vineland and Extension
series; a Q score waa derived from each.

Results of this study indicated that cognitive test battery scores

were significantly related to the phase of the cycle during which



subjects were tested. Specifically, performance on the color reading,
color naming, and subtraction tasks was significantly improved during
the luteal phase (Days 20-25), relative to the early follicular and
ovulatory phases. The improvement in performance on both
automatization (color reading and color naming) and perceptual
restructuring (subtraction) tasks, which occurred during the luteal
phase, is somewhat inconsistent With the results of Broverman et al.
(1981) which yielded a crossover j.n task performance with decrement in
the performance of autoca> .nation tasl s (color naming and color
reading) during the luteal phase.

In a further analysis of the data, three estrogen level groups
were formed: a high, medium, and low group. Analysis of the data from
these groups indicated fh*r subjects with high levels of estrogen gave
their poorest performance on the color naming, color reading, and
subtraction tasks at midcycle and their best performance during the
luteal phase. Subjects with medium and low estrogen levels performed
better on color naming and color reading tasks at midcycle than during
the early phase; however, tney performed more poorly at midcycle than
during the early phase cu the subtraction task.

While the Graham (1980) study does little to clarify the
activation-inhibition dimension outlined by Broverman et al. (1968),
it provides evidence that changes in cognitive taGk performance do
occur at different phases of the menstrual cycle. One criticism
leveled by Graham at her own study was that the cognitive task battery
contained no tasks that were very difficult from an Intellectual point
of view. A word list task, such as that used by Erikson et al. (1985)

and Arnold et al. (1987), would place a greater demand on processing
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capacity. urther recommendations for future studies were that older
women be us"ed to minimize the incidence of anovulatory cycles, that
estrogen levels be measured more accurately using blood plasma levels,

and that levels of progesterone be measured to verify that ovulation

had, in fact, occurred.

The Present Study

The purpose of the present study was to investigate the effect of
caffeine upon the recall of word _lists during two phases of the.
menstrual cycle when estrogen levels are very different. Two previous
studies have yielded discrepant findings regc;rding the effect of
caffeine on females” recall of word lists. Erikson et al. (1985)
tested female subjects without controlling for phase of menstrual
cycle and without regard to oral contraceptive usage. The Arnold
et al. (1987) study controlled for endogenous hormonal fluctuation by
testing all female subjects between Days 1 and 5 of the menstrual
cycle, and by testing only subjects who were not using “etrogen
containing oral contraceptives which artificially alter endogenous
estrogen levels. Thus, the Arnold et al. (1987) study contained a more
homogeneous population of females with regard to endogenous hormone
level. Caffeine impaired the recall performance of females in the
Erikson et al. (1985) study but facilitated recall performance for
femalea according to Arnold et al. (1987). The most parsimonious
ixplanat:.ion for these discrepant findings 10 that endogenous hormone
levels modulated the effect of caffeine.

In the present study, females using oral contraceptives and

females not using oral contraceptives were administered either 0, 2, or
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4 milligrams of caffeine per kilogram of body weight. Subsequently,
to lists of words presented at four rates: one word
one word every second, one word every 3 seconds, and
one word every 5 seconds. Subjects Immediately recalled the words
remembered from each list. Subjects were tested at one of two different
- t, ¢ fl'y
of the menstrual cycle:, on or before the fifth day of the
menstrual cycle, or on approximately hay 11 of their cycle. It was
hypothesized that the pattern of caffeine effects would be different at
each of these two phases for females not using oral contraceptives. It
wan further hypothesized that_the recall performance of females using
b |
Oral contraceptives would not change.between the menstrual and

pre-ovulatory phases since the xevol of ostrogen fluctuates only

slightly in females using oral contraceptives (Ling et al., 1985).



METHOD

Two hundred and eight females enrolled in undergraduate level
courses at the University of North Dakota served as subjects in this
experiment- Subjects received either extra class credit or movie
passes for their participation. In a preexperimental screening
session, subjects completed the Eysenck Personality Inventory (EPI)
Subjects scoring six or lower on t lie scale of the EPI (range 0-9)
qualified for: participation in the study. At the screening session
subjects also completed a calendar indicating the approximate date
on which they expected their menstrual period to begin

Subjects were contacted by telephone prior to the experiment and
were screened, for a variety of medical conditions which might have
made them ineligible to participate. These conditions included a
personal past history of cardiovascular problems, epilepsy
hypertension, migraine headaches, ulcers, diabetes, kidney disorder
seizures, or blackouts. In addition, only subjects who had previously
consumed caffeine at least once in the form of cofree, tea
and- were not allergic to caffeine, sugar, or orange juice (substances
they would consume in the experiment) were invited to participate
Finally, subjects who reported that they took any medication on a

regular basis were eliminated

36



Subjects meeting the medical criteria for participation were asked
to meet the following four conditions. Subjects were asked to abstain
from alcohol for 48 hours prior to their experimental session and
they were asked to refrain from taking any medication for 24 hours prior
to their participation. These requirements ensured that subjects had
no other substance in tlieir systems which might interact with caffeine
Subjects were asked to refrain from consuming any substance containing
caffeine after 10:00 p.m. the night before their experimental
appointment. Finally, they were asked to got a minimum of 5 hours of
sleep the night before the experiment to . .jure that fatigue was not a
determining factor in their performance

Subjects were divided into two groups: thore using oral
coMraceptives and tbo$e who were hot using oral contraceptives
These groups were further divided according to pnase of menstrual
Cycle: either menstrual phase (Days 1-5) or pre-ovulatory phase (Days
9-13). Subjects in each group were assigned to one of. three dose
levels: 4 milligrams of caffeine per kilogram of body weight
Z milligrams of caffeine per kilogram, of body weight, or O milligram.:
Of caffeine per kilogram of body weight (placebo). This yielded a
total of 12 groups. The mean scores for each group en various

demographic variables are listed in Table 1

thirteen word lists comprised of 12 nouns each were usea as
stimulus material. Words for the lists were selected from a list of
word frequency norms (Kuchera ft Francis, 1967) such that each Ji?% had

a mean syllable range and mean word frequency comparable to those of



Table 1

Hwso of cyclei

Dose of caffeine*

Oral contraceptive u&o:

N

Age
Weight
WA1S H
WAIS-"R scaled

law

1m roveteiou/extreversion
.U
Sociability
Impulsiviiy
Caffeine ccnauraption
Questionnaire T

“ntfeino consumption
Questionnaire 1!

Amount oi c4ifeio«
lest, consumed

0 mg/kg

No

Pin pin

16 16

21.2 21.1

144.1 144.4
40.00 35.87
9.37 9.31
14.6V  13.87
2.93 2.6?
a.Hl 8.62
4.62 4.50
1vM.12 105.00
204.56 121.50
76.62 35.80

Days 1-5
2 »glkg
No
PHI Pill
16 16
21.9 20.1
138.6 139.6
45.06 4Q.12
10.25 9.44
13.06 14.56
3.19 3.44
7.06 8.25
4.87 4.75
176.94  73.25
196.69 110.69
52.50 43.79

4 mg/kg
No
Pill pill
17 16
20.4 21.9
144.2 140.2
0.7 44.12
9.59 10.25
15.19 14.37
1.56 1.75
8.56 8.44
5.63 4.69
101.41 179.94
121 .66 220,31
40.94 62.06

Days 9~U
0 «g/Kg 2 «l/x«
No No
Pill ull Pill pill
16 22 16 20
20,» 21.5 20.7 20.7
137.7 143.8 142,0 147.5
38.33 44.45 40.60 43.70
9.20 10.18 9.60 10.25
14.6? 13.09 13.1? 13,35
2.00 2.i> 2.44 2.55
8.81 7.54 7.37 7.60
4.50 4.45 4.56 4.60
82.00 148.36 139.56 107.00
80.75 133.36 161.00 90.90
38.13 66,95 70.62 37.50

4 s
No
PtU pit!
16 21
20.5 20.1
1325 Ul.J
42.1?  A2.S0
9.25  10.30
13.56  13.29
2.50 2.57
7.62 7.81
4.87 4.57
159.8i 131.24
138.69  79.29
61.37  47.14



Phase si cycle; Daytf i -s ©ays 9-13
D&se of caffeine: 0 «g/kg 2 ogl/fc* 4 ag/kijj 0 itig/kg ? ng/Kg 4
No So So m Nd No

Oral contraceptive use: m i pill Pill pill pill FLU Pm Pill pill Pill pill
Hours since caffeine

last cor*suited 21,4 20.? 17.3 24.0 20.8 27.9 22 1 21.0 21.4 16.5 29.2 25.3
Cigarette consutaption 1.06 3.06 1.56 1.06 1.53 1.69 ft. AS 0.41 1.37 0.5D 1.75 4.14
Pretest Thayer Activation

Oeactivation Checklist 17.44 15.87 1456 17.13 16.1Z 15.12 18.50 15.64 16.27 16.85 14.e0 15.
Posctest Thayer Activation «Sg;
I>eactivatiwn Checklist 16.50 15.75 15.19 18.31 18.53 16.06 17.06 13.23 16.94 18.15 17.44 17.76

114.12 111.75 107.94 112.87 110.59 109.75 111,19 115,54 113.25 112.50 109.50 110.00

Pretest blood pressure 7081 7050 70.75 72.25  73.88 68.50 73.50 72.68 70.62 n.75 66.81  71.*8

Posttest blood pressure 109.19 108.00 114.40 114.69 112.47 111.87 109.07 112.04 UO0.90 ill.95 113.31 111,95

P u 70.25 70.07 75.67 75.25 76.00 73.69 70.87 72.09 72719 74.30 73.62 75,33
Pretest pulse 74.94 73.12 69.62 6C.2, 74.94 73.12 75.62 70.08 70.00 70.90 79.37 72.05
Posttoot pulse 71.»2 68.27 63.60 60.40 66.73 65.69 ft.60 65.64 66.13 64.40 71.00 66.95

Length of senstrual cycle 29.19 29.10 28.44 31.13 30.18 29,81 27.73 29.14 28.19 28.45 29.56 29.29
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the word lists used by Erikson et al. (1985). Words were recorded on
cassette tapes at four rates of presentation, one word every .5 seconds
(fastest), one word per second (fast), one word every 3 seconds (slow),
and one word every 5 seconds (slowest). Stimulus materials were

presented to subjects on a cassette recorder/player.

Procedure

AH experimental sessions were held between 8:00 a.m. and
12:00 a.ra. (c.-f. Erikson et al., 1985) in order to control for diurnal
variations in arousal. Subjects were tested individually. Ninety-six
subjects participated during Phase 1, i.e., either on or before the
fifth day of the menstrual cycle, while one subject was run on the
sixth day. One hundred and eleven subjects participated during
Phase 2, i.e., on approximately the 11th day 2 days.

Upon arrival for their session, subjects were given a consent
form to sign which informed them of the experimental procedure and
notified them of their rights. Subjects” weight and blood pressure
were taken and recorded. Any subject with blood pressure higher than
140/90 wan dismissed from the study. Subjects were administered a
written form of the WAIS-R vocabulary subrest to obtain an estimate of
td tr verbal ability. Each subject was allowed a« much time as needed
to complute this.

Next, subjects wore given a series of self report questionnaires
including several caffeine c< sumption questionnaire#/. The caf feine
consumption questionnaires assessed the amount of caffeine Ingested
from various sources such an cofloe, lou, cola beverages. and

over «the coutitay p«in riellever». Cafjeine Consumption Questionnaire 1

L,mm

18s

k04
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(see Appendix A) was used to estimate the subject"s typical level of
caffeine consumption. Caffeine Consumption Questionnaire 11 (see
Appendix B), which assessed the amount of caffeine consumed by the
subject during the 3 days prior to the experimental session, was used
to provide an estimate of the subject®s current level of consumption.

Subsequently, subjects were administered either 0, 2, or 4
milligrams oi: caffeine per kilogram of body weight dissolved in 6
ounces of orange flavored breakfast drink. Subjects were unaware of the
dose level to which they had been assigned. Following this, there was
a 30-ra:Inute absorption period to allow caffeine to reach peak blood
plasma level (cf. Gilbert, 1976).

The Thayer Activation Deactivation Checklist was administered to
each subject prior to and 30 minutes following the administration of
caffeine to measure the subject"s self-reported level of arousal.
Physiological changes in arousal were measured by blood pressure and
pulse readings taken upon arrival for the experiment and again 23
minutes after the caffeine was administered.

Following the absorption period, each subject was run in r.he
recall portion of the experiment by a second experimenter who was blind
to the dose level of caffeine which had been administered to the
subject. Subjects wore presented with 13 lists of 12 words each.
Subjects listened to each liar., then immediately wrote down the words
they remembered from the Hat. The first list was a practice list.
The f»Dcwing 12 Hals wore experimental lists. Two short breaks (1-3
minutes) were given following the fourth and ninth lists.

Each subject, hoard three lists at each of fom ivtea nf

presentat ion. The 12 experimental lists were present «d In such a



manner that each list appeared in each ordinal position equally often
across subjects. Also, presentation rates were arranged such that
for each successive four lists, each presentation rate was used once.
Rates were counterbalanced among subjects so that each rate occurred in
each ordinal position equally often across subjects. After alt of the
word lists were presented and the recall for each list written,
subjects wrote a final free recall of words from all of the lists.
Subjects completing the final free recall in less than 5 minutes were
encouraged to continue searching their memory in order to ensure that
all subjects gave some effort to this task.

Finally, subjects were debriefed. Upon request subjects were

informed of the dose group to which they had been assigned.

Design

The study employed three between subject factors ai"d three within
subject factors. The between subject factors Included subjects®™ use of
oral contraceptives (either oral contraceptive users or non-oral
contraceptive users), the dose level of caffeine (0, 2, or 4 milligram
per kilogram) and phase of the menstrual cycle (first five days or near
Day 11). The within subject factors were rate of presentation-one
word every 5 seconds (slowest), one word every 3 seconds (slow), one
word every secoud (fast), and one word every -5 second (fastest);
serial position (primacy, middle, and recency); and level of practice,
such that each of the four rates waa presented three times, yielding

throe levels ol practice.



RESULTS

Each subject"s written recall vjas scored by determining the
proportion of words recalled from the primacy (first four words)
middle (second four words), and recency portion (last four words) of
each word list. A 3(Caffeine Dose) x 2(Pill) x 2(Phase of Cycle) x
3(Level of Practice) x 4.(Rate of Presentation) x 3(Serlal Position)
ANOVA was performed with the proportion of words recalled as the
dependent variable. The level of significance was set at .05 for all
analyses. Newman-Keuls procedures were utilized for all post hoc tests
with alpha set -at .05

A significant main effect of practice was observed, F(2, 292)
7.99, with mean recalls of .539, .555, and .558 for the first, second
and third levels, of practice, respectively. This effect indicated
that recall at the second and third levels of practice was
Significantly greater than at the first level of practice. However
recall at the second and third levels of practice were not
significantly different from each other

A significant dose x pill x practice interaction was also found
F(4, 392) 2.52 (see Table 2). At the first level of practice, oral
contraceptive users receiving the 2 milligram per kilogram dose of
caffeine recalled a significantly greater proportion of words than

thus received the placebo, while recall under the 4 milligram per
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Table 2

Mean Proportion of Words Recalled as a Function of Caffeine Dose .nd

Level of Practice by Oral Contraceptive Usage

Oral contraceptive usage: Pill

Level of practice: 1 2 3

Caffeine dose

0 mg/kg .520 .546 561
2 mg/kg .558 .579 571
4 mg/kg 543 532 .555

.529

.535

.549

No pill

.556

.570

.526

.566

.569

)



kilogram dose was not significantly different than either the placebo
or the 2 milligram per kilogram ckse. There were no significant d"se
differences for non-oral contraceptive users at the first level of
practice. At the second level of practice, recall was signifi antly
greater for oral contraceptive users who received the 2 milligram pet
kilogram dose of caffeine than for those receiving either the

4 milligram per kilogram dose or the placebo and there was no
significant difference between the 4 milligram per kilogram dose and
the placebo. In addition, there were no dose differences among
non-oral contraceptive users at the second level of practice. At the
third level cf practice, no significant dose differences occurred among
oral contraceptive users. However, among non-oral contraceptive users
at the third level of practice, both the 2 and 4 milligram per kilogram
do”es of caffeine p oduced significantly greater recall than the
placsbo, with the 2 and 4 milligram per kilogram doses not being
significantly different from each other.

A significant main effect, of rate was found, F(3, 588) * 15.67.
Recall proportion mea”s were .653, .600, .497, and .452 foi the
5 second, 3 second, 1 second, and .5 second rates. Results indicated
that recall declined significantly as the rate of presentation
increased.

A significant main effect of serial position occurred, F(Q. 392) *
103.51 with recall proportion means of .499, .376, and .776 for the
primacy, middle, and recency portions of the word Hots, respectively.
Subsequent analysis of this effect indicated that subjects recalled a
significantly greater proportion of words from the recency portion of

;he lists than from either the primacy or middle portions, and that



recall from Che primacy portion was significantly greater than
from the middle portion

Next significant dose x serial position interaction was noted
F(4, 392) = 3.092. As may be seen in Table 3, both the 2 and
4 milligram per kilogram doses of caffeine produced significantly
greater recall than the placebo condition for words in the primacy
position, although the effects of the 2 and 4 milligram per kilogram
doses were not significantly different from each other. No dose
effects were observed at either the middle or recency portions of the
lists

In addition, a significant pill x serial position interaction was
found, P(2, 392) = 3.648 (see Table 4). Non-oral contraceptive users
recalled a significantly larger proportion of words from the recency
portion of the lists than did oral contraceptive users. There were no
significant differences between users and non-users at either the
primacy or middle positions

A significant dose x phase x practice x serial position
Interaction was also found, P(8, 784) = 2.096 (see Table 5). A
subsequent analysis of this interaction revealed that no significant
dose differences occurred among subjects tested during Phase 1 for the
first two levels of practice. At the third level of practice, both the
2 and 4 milligram per kilogram doses of caffeine produced significantly
better recall relative to the placebo for words in the primacy
position, while no significant differences occurred for words in the
middle or recency positions. Among subjects tested during Phase 2
recall at practice level one for words in the primacy position was

significantly greater under the 4 milligram per kilogram dose than



Table 3
Mean Proportion of Words Recalled as a Function of Caffeine Dose and

Serial Position

Serial position

Primacy Middle Recency
Caffeine dose
0 mg/kg .362
2 mg/kg .396

4 mg/kg 371
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Pill .505

No pill .492

Serial position

Middle Recency
.386 .763
.366 .790
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under either the 2 milligram per kilogram dose or the placebo, which
were not significantly different from each other. At practice level
two, recall was significantly greater under both the 2 and 4 milligram
per”, kilogram ooses of caffeine than under the placebo for words in the
primacy position. However, recall under the 2 milligram per kilogram
dose was not significantly different than under the 4 milligram per
kilogram dose. There were no significant dose differences for the
middle or recency positions at either of the first two levels of
practice. At the third level of practice, there was no effect of
caffeine for words in the primacy position among subjects tested during
Phase 2. However, recall for words in the middle position was
significantly greater among subjects receiving the 4 milligram per
kilogram dose of caffeine than among those receiving either the
2 milligram per kilogram dose or the placebo. The difference in recall
between the 2 milligram per kilogram dose and the placebo was not
significant, and there was no effect of caffeine for words in the
recency position.

Next, a significant rate x serial position interaction was found,
F(6, 1176) » 124.08 (see Table 6). At the three slowest rates, words
from the recency position were recalled more than words from the primrcy
position which, in turn, were recalled more than words from the middle
position, with the recall differences between the three positions being
significant. At the .5 second rate, the difference in recall between
the primacy and middle position was not significant, and recall at the
recency position was significantly greater than at either the primacy

or middle position.
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Sable 6

Proportion of Words Recalled

and Serial Position

1 word/
Serial position 5 seconds
Primacy 707
Middle .508

Recency 743

as a Function of Rate of Presentation

Rate of presentation

1 word/ 1 word/
3 seconds 1 second
.607 .383
425 -296
767 .811

1 word/
.5 seconds
.276
_2y&

.782



s%:

- _atem\i—
; BV, - 52

A significant practice x rate x serial position interaction was

observed, F(12, 2352) = 4.67 (see Table 7). In general, recall from
[ -

Si - R
: the recency position was significantly greater than recall from the
primacy position which, in turn, was significantly greater than recall
IMBAET ™ < [ -

from the middle position. Some exceptions to this occurred at practice
levels one and three. At the first level of practice, when words were
presented at the rate of 1 word every 5 seconds* recall at the recency
and primacy positions were not significantly dffferei from each other,
but both were significantly greater than recall at the middle position.
In addition, at the first level of practice when words were presented
at the rate of 1 Word every jg séboné%, ?écall was sigrificantly
greater for words in the recency position than for either the primacy
or middle positions which were not significantly different from each
other. At practice level three, when words were presented at the late
of 1 word per second, words from the recency position were recalled
significantly more than words from either the primacy or middle
positions, which Were not significantly different from each other.
Finally, a significant dose x pill x phase x rate x serial
position interaction was found, F(12, 1176) « 2.295 (see Table 8).
Analysis of this five-way interaction indicated that during Phase 1,
dose effects occurred only for oral contraceptive users, only in the
primacy position, and only at Che two slowest rates. At the 1 word
per 5 second rate, the 2 milligram per kilogram dose produced
significantly greater recall than either the 4 milligram per kilogram
dose u- placebo, which were not significantly different from each
other, /it the 1 word per 3 second rate, both the 2 and 4 milligram per

kilogram doses produced significantly greater recall than the placebo.
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Table 7
Mean Proportion of Words Recalled asa Function of Level of Practice,

Rate of Presentation and Serial Position

Rate of presentation! 1 word/ 1 word/ 1 word/ 1 word/
P ) 5 seconds 3 seconds 1 second 5 secom-j
Level of practice! One
Serial position
Prxmacy 711 578 .373 .306
Middle 511 414 .262 .261
Recency .719 731 .817 .781
Level of practice: Two
Primacy 712 .610 .410 .258
Middle 497 .418 .283 .336
Recency .764 .800 .813 .758
Level of practice! Three
Primacy -698 .633 .365 .325
Middle .517 444 .343 .231

Recency 747 771 .810 .807



Table 8

Mean Proportion of Words Recalled as a Function of Caffe..ne Dose, Oral Contraceptive Usage,

Menstrual Cycle,

Oral

contraceptive usage:

Serial position:

Rate

of presentation:

Caffeine dose

0
2
L

Rate

»AN O

Rate

A NO

Rate

nig/ky
®8/kg
B. kg

of presentation:

mg/k»
mg/kg
mg/kg

of presentation:
Eg/kg
Eg/kg
mg/ 1
of presentation:
mg/kg

mg/kg
mg/kg

-641
-792
.721

-479
.618
.677

.354
.370
.387

.307
-365
.279

Rate of Presentation,

Pill

.458
552
-490

.41?
-*79
-436

.286
.331
.225

.240
-250
-279

and Serial Positlon
Phase 1

No pill

R P M
.740 .703 .505
.766  .661 469
696 .755 557
,780 .552 .370
813 .599 -391
_735 .609 427
792 .307 .276
813  .406 .281
_765 401 .323
_750 .318 .208
.698 .260 .245
_799 .286 .250

pm
R P M
1 word/5 seconds
745 702 526
.802 .661 557
797 714 479

1 word/3 seconds

.828 .677 432
.781  .583 458
797 .609 443
1 word/1 second
839 .375 2313
.833  .409 .323
839 .464 .307
1 word/ .5 seconds
797 297 .318
813 .286 -396
.844 349 2711

Phase 2

R P
750 .652
755 721
729 762
734 511
755 .633
745 734
.823 .314
781 437
766 .365
.813 .261
781 .312
724 .250

Phase of

No pill

.428
.517
-560

-409

.38%

.295
.325
.266

-303
-296
-250

777
.683
-679

.758
.754
.722

-860
.787
-865

.795
.783
.786
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the difference between the 2 and 4 milligram per kilogram doses
not being significant. There were no significant dose effects at any
other rate or any other position for oral contraceptive users tested
during Phase 1, nor were there an’ significant dose effects for
non-oral contraceptive users during Phase 1.

During Phase 2, dose effec:s were observed for non-oral
contraceptive users at the three, slowest rates, and for oral
contraceptive users at the fastest rate. At the 1 word per 5 second
rate among noil-oral contraceptive users, the 4 milligram per kilogram
dose produced significantly greater recall than either the 2 milligram
per kilogram dose or the placebo for words in the middle position, the
difference between the 2 milligram per kilogram dose and the placebo
not being significant. At this rate there were no significant dose
differences at either the primacy or recency positions. When words
were presented at the rate of 1 word every 3 seconds, recall for words
in the primacy position was signi*".cantly greater under the 4 milligram
per kilogram dose than under the 2 milligram per kilogram lose which, in
turn, was significantly greater than under the placebo. At the rate of
1 word per second, recall for words in the primacy position was
significantly greater under the 2 milligram por kilogram dose than
under either the 4 milligram per kilogram dose jr the placebo, with the
difference between these being non-signifleant. There were no
significant differences at either the-middle or recency positions for
words presented at the 1 word every 3 seconds or the 1 word per second
rates. At the 1 word per .5 second rate, no dose effects were found
for non-oral contracepti/e users. However, for oral contraceptive

users, recall for words in tho middle position was significantly



under the 2 milligram per kilogram dose of caffeine than “nder
either the 4 milligram per kilogram dose or the placebo. Recall u ider
the placebo and 4 milligram per kilogram dose were not slgnificantl>
different from each other. No dose effects were found for either the
primacy or recency position at the 1 word per .5 second rate.

Word intrusions, i.e., words written in the recall which were not
presented, were tallied according to the rate of presentation in the
list in which they occurred. A 3(Caffeine Dose) x 2(Phase of Cycle) x
2(Pill) x 4(Rat.e of Presentation) ANOVA was computed with the number
of word intrusions as the dependent variable. Serial position was not a
factor in this analysis since it would not be meaningful to assign a
serial position to words which were not included in the word list,

A significant main effect of rate was observed, F(3, 588) = 7.352.
Mean intrusions were .826, .848, 1.025, and 1.204 for the 5 second, 3
second, 1 second, and .5 secotd rates, respectively. Significantly
more intrusions occurred when vnrds were presented at the rate of
1 word per ,5 seconds than at either 1 word per 5 seconds or at 1 word
per 3 seconds. Differences between other rates were not significant.

In addition, a significant phase x pill x rate interaction was
found, F(3, 588) e 3.478. According to the analysis of this
interaction (see Table 9), the significant difference occurred only
among oral > nceptive users, who wrote more intrusions when tested
during Phase J than during Phase 2 for lists presented at the rate of
1 word per .5 seconds. There were no significant differences in the
number of intrusions for any other rate or.among non-oral contraceptive

users.



Table 9

Mean Number of Word Intrusions as a Function of Rate of Presentation,

Oral Contraceptive Usage,

Oral contraceptive usage:

Phase of cycle:

Rate of presentation
1 word/5 seconds
1 word/3 seconds
i word/1 second

1 word/.5 seconds

Days 1-5

.696
1.025
877

1.396

Pill

Days 9-13

1.

.875

.917

146

792

and Phase of Menstrual Cycle

No pill
Days 1-5 Days 9-i
.875 .859
729 722
.896 1. 180
1.167 1.461



divided by the number of words recalled for that serial position,
yielding a relative index of priority (RIP) score for organizational
output which is independent of the nurobe* cf words recalled.

In general, the most efficient strategy for recalling words from
lists would be to recall words from the recency position first, i.e.,
those words still in short-term memory, followed by rehearsed words
from the primacy position next, and the less well rehearsed words from
the middle position last. This strategy would yield a high negative
RIP score for the primacy position, a low negative RIP score for the
middle position, and a positive RIP score for the recency position.

A relative index of priority score was calculated for every subject
separately for each serial position (primacy, middle, and recency) at
every word list. A 3(Caffe.tne Dose) x 2(Phase of Cycle) x 2(Pill) x 3
(Level of Practice) x 4(Rate of Presentation) x 3{Serial Position)
ANOVA was performed with RIP scores as the dependent variable.

A significant main effect of serial position was observed, F(2,
384) = 113.11. The mean RIP scores were -.165, -.212, and +.17" for

the primacy, middle, and recency positions, respectively. Subjects



recalled words from the recency position significantly earlier than
words from either the primacy or middle positions. RIP scores from the
primacy and middle positions were not significantly different from each
other.

A significant phase x serial position interaction occurred, F(2,
.384) * 3.327 (see Table 10), During both phases, subjects recalled
Words from the recency position significantly earlier than words from
either the primacy or middle positions. However, Phase 1 subjects
recalled words from the recency position significantly earlier than
Phase 2 subjects, and they recalled words from the middle position
significantly later than Phase 2 subjects.

A significant practice x serial position interaction was found,
F(4, 768) m 2.97. At the first two levels of practice (see Table 11),
words from the recency portion of the lists were recalled significantly
earlier than words from the primacy portion which, in turn, were
recalled significantly earlier than words from the middle portion. At
practice level three, neither primacy nor middle words were recalled

irlier than each other, although both were recalled significantly

later than words from the recency portion.

Final. Free Recall Data

The final free recall task was included to provide an indication
of the effectiveness of the subjects’ rehearsal by determining the
proportion of words that had moved into long-term memory from each
serial position at each rate of presentation.

The proportion of words recalled from each subject"s written final

free recall was computed a3 a function of serial position and rate of



Table 10
Organizational Output of Words Recalled as a Function of Phase of

Menstrual Cycle and Serial Position

Phase of cycle

Serial position Days 1-5 Days 9-13
Primacy -.191 -.138
PV e Middle -.234 -.190

Recency +.212 +.136



AW M-

SwSssRfWrivjll"mes/]""

B p Table 11
Organizational Output of Words Recalled as a Function of Level of

Practice and Serial Position
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Level of practice

Serial position One Two Three
Primacy -.134 -.150 210
Middle -.205 -.242 -.189

Recency +.162 +.182 +.177
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presentation. A 3(Caffeine Dose) x 2(Phase of Cycle) x 2(Pill) x
4{Rat.e of Presentation) x 3(Serial Position) ANOVA was performed with
the proportion of words recalled as the dependent variable.

A significant main effect of dose occurred, F(2, 196) « 3.045 with
means of .136, .158, and .159 for tve placebo, 2 milligram per kilogram
dose, and 4 milligram per kilogram dose, respectively. Subjects who
received caffeine recalled significantly more words than those who
received the placebo. The difference in recall between the 2 and
4 milligram per kilogram doses was not significant.

A significant dose x phase x pill interaction also occurred, F(2,
196) » 3.078 (see Table 12). A subsequent analysis of this interaction
revealed that oral contraceptive users tested during Phase 1 had
significantly higher recall under the 2 milligram per kilogram dose of
caffeine than under the placebo. Recall under the 4 milligram per
kilogram dose was not significantly different than the 2 milligram per
kilogram dose or the placebo. In addition, no significant dose
differences occurred for non-oral contraceptive users or for oral
contraceptive users tested during Phase 2.

A significant main effect of rate occurred, F(3, 588) = 209.35,
with recall means of .243, .199, .095, and .067 for the rates of 5
seconds, 3 seconds, 1 second, and .5 second, respectively. Significant
differences were observed between each rate of presentation with the
proportion of words recalled declining as the rate of presentation
Increased.

A significant main effect of serial position was observed, F(2,
392) ** 74.88. Recall means of .190, .139, and .123 were found for the

primacy, middle, and recency positions, respectively. Words from the



Table 12
Mean Proportion of Words Recalled In the Final Free Recall as a Function

of Caffeine Dose, Oral .Contraceptive Usage, and Phase of Menstrual Cycle

Oral contraceptive usage: Pill No pill
.V

Phase of menstrual cycle: Days 1-5 Days 9-13 Days 1-5 Days 9-13

Caffeine dose
0 mg/kg 121 _160 13V 2123
2 mg/kg 182 -150 142 .159

4 mg/kg 160 .164 151 .160
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primacy portion of the lists were recalled significantly more than
words from the middle portion and these, in turn, were recalled
significantly more than Words from the recency portion of the list.

Finally, a significant rate x serial position interaction
occurred, F(6, 1176) < 33.97. Analysis of this Interaction (see
Table 13) indicated that the main effect of rate occurred for words
in the. primacy and middle positions, with recall declining
significantly as the rate Increased at each of the four rates. This
eff was modified somewhat for words in the recency position. Words
pxutinted at the 1 word per 5 seconds rate were recalled significantly
more “~han words at the 1 word per 3 seconds. However, the difference in
recall between words presented at the 1 word per second rate and those
presented at the 1 word per .5 second rate was not significant,
although the rata of recall at -both of these rates was significantly
less than at the 1 word per 3 seconds rate.

The number of word intrusions occurring in each subject"s final
free recall was tallied. The number of intrusions ranged from O to 17,
with group means ranging from 1.94 to 3.37 intrusions. A 3(Caffeine
DOse) x 2(Pill) x 2(Phase of Cycle) ANOVA was computed with the number
of word intrusions occurring in the final free recall as the dependent

variable. No significant differences among the groups were found.

Individual Differences

In order to determine if the effects observed in this experiment
may have been the result of differences among groups on individual
characteristics, a series of ANOVAs was computed using a variety of

individual difference measures as the dependent, variable. In instances



Table 13
Mean Proportion of Words Recalled in the Final Free Recall as a Function

of Rate of Presentation and Serial Position

Serial position

Rate of presentation Primacy Middle Recency
1 word/5 seconds .238 .173
1 word/3 seconds .185 141
1 word/1 second .086 .086

1 word/ .5 seconds .058 .048 .094
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where data were missing, the ANOVA was computed based upon the number
of observations available. The means for each group are displayed in
Table 1.

Two 3(Caffeine Dose) x 2(Pill) x 2(Phase of Cycle) ANOVAs were
computed with subjects®™ age and weight as dependent variables. No
significant differences among groups occurred for these measures.

Tvo 3(Caffeine Dose) x 2(Pill) x 2(Phase of Cycle) ANOVAs were
computed using subjects®™ WAIS-R vocabulary subtest raw and scaled
scores. The analysis of the raw scores revealed a significant pill x
phase interaction, F(I, 1.93) @ 4.26 (see Table 14). A subsequent
analysis of this interaction indicated that non-oral contraceptive
users tested during Phase 2 had significantly higher WAIS-R raw scores
than those tested during Phase 1. There were no significant phase
differences among oral, contraceptive users or among subjects tested
during Phase 1.

In addition, a significant dose x pill x phase interaction was
observed for subjects®™ WAIS-R row scores, P(2, 193) * 3.365. A
subsequent analysis of this three-way interaction (see Table 15)
indicated that among subjects tested during Phase 1, oral contraceptive
users receiving the 2 milligram per kilogram dose had WAIS-R vocabulary
raw scores which were significantly higher than those receiving either
the 4 milligram per kilogram dose or the placebo. There was no
signi.flcant, differetxce betwe®On the 4 mll j.igram per ki logram doae group
and the placebo group on WAIS-R raw scores, 1 wever, among non-oral
contraceptive users rested during Phase 1, those receiving the
4 milligram per kilogram dose had significant ly higher WAIS-R i.tv

scores than those receiving either the 2 milligram per ki i i<m dose or
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Table 14
Mean Raw Scores on WAXS-K Vocabulary S.ubtest as a Function of Oral

Contraceptive Usage and Phase ot Cycle
Phase of cycle
Oral contraceptive usage Days 1-5 Days 9-13

Pill 41.609 40.353

No pill 40.042 43.652



Table 16

Inventory as .a. functional

_ it-ual Cycle
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Phase of cycle

erfrjrij-x-* =
Dose of caffeine Days 1-5 Days 9-13
-1t \rog\
WRSAHTY 0 ing/kg 2.78 2.29
> 2 mg/kg 3.31 2.49
4 mg/kg 1.66 2.54
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cigarettes smoked as dependent variables. No significant differences
among groups occurred for any of these measures.

Two 3(Caff~ine Dose) x 2(Pill) x 2(Phase of Cycle) ANGVAa were
mcomputed using subjects’ pretest and posttest scores on the Thayer
Activation Deactivation Checklist as dependent variables. No
significant differences among groups occurred for either pretest or
posttest scores.

A series of 3(Caffeine Dose) x 2(Pill) x 2(Phase of Cycle) ANOVAs
was computed using measures from subjects’ pretest and posttest blood
pressure readings as the dependent variables. The measures included the
systolic reading, the diastolic reading, the difference (systolic minus
diastolic), and the ratio of systolic to diastolic reading.

Among the pretest measures, no significant differences among
groups were noted for either the systolic or diastolic readings. For
the difference reading, a significant dose x pill x phase interaction
was observed, F(2, 196) = 3.68. Subsequent analysis of this
interaction using the Newman-Keuls procedure failed to reveal
significant differences among g~ups. However, as may be seen in
Table 17, there appeared to be a trend among oral contraceptive users
tested during Phase 1 toward higher difference scores in the placebo
group than in either the 2 milligram per kiJ.ogram or 4 milligram per
kilogram group.

A significant dose x pill x phase interaction was also found for
the pretest ratio systolic to diastolic reading, F(2, 196) = 4.33 (see
Table 18). Analysis of this interaction revealed that among subjects
receiving the 4 milligram per kilogram dose who were tested during

Phase 1, non-oral contraceptive users had significantly higher ratio



Table 17
of Pretest Blood
Pressure as a Function of Caffeine Dose, Oral Contraceptive Usage , and

Phase of Menstrual Cycle

Phase of cycle: Days 1-5 Days 9~13

Oral contraceptive usage: Pill No pill Pill No pill

Caffeine dose
0 mg/kg 43.313 37.688 41.250 42.864
2 mg/kg 37.188 42.625 40.625 38.750

4 mg/kg 37.706 42.688 41.250 38.524



Table 18

as a Function of Caffeine Dose, Oral Contraceptive Usage, and Phase O

I.cnstrual Cycle

Phase of cycle: Days 1-5 Days 9-13

Oral contraceptive usage: Pill No pill Pill No pill

Caffeine dose
0 pg/kg 1.632 1.522 1.597 1.602

2 mg/kg 1.540 1.612 1.574 1.532



blood pressures than oral contraceptive users. This difference in
ratio blood pressure between oral contraceptive users and non-oral
contraceptive users occurred only in the 4 milligram per kilogram dose
group and only during Phase 1

Among the posttest blood pressure ANOVAs, a significant main
effect of doc. was observed using subjects” diastolic blood pressure
readings as the dependent variable, F(2, 193) = 5.16. The mean
diastolic, readings were 70.819, 74.351, and 74.661 for the placebo
2 milligram per kilogram and 4 milligram per kilogram doses
respectively. Subjects who received caffeine had significantly higher
diastolic readings than those who received the placebo. The difference
between the 2 milligram per kilogram and 4 milligram per kilogram doses
was not significant. No significant differences occurred on any
other posttest blood pressure measures

Two 3(Caffeine Dose) x 2(Pill) x 2(Phase of Cycle) ANOVAs were
computed using subjects” pretest and posttest pulse readings as
dependent variables. For the pretest pulse measure, a significant
effect of dose was observed, F(2, 194) = 3.79. Mean pretest pulse
readings were 73.445, 69.698, and 74.872 for the placebo, 2 milligram
per kilogram, and 4 milligram per kilogram doses, respectively. A
subsequent analysis of this effect indicated that subjects receiving
the 4 milligram per kilogram dose had significantly higher pretest
pulse readings than those receiving the 2 milligram per kilogram dose
with the difference observed between the 4 milligram per kilogram dose
and the p.acebo being non-significant

ANOVA revealed a significant main effect of

dose, F(2, 190) » 6.72 with mean eulse readings of 69.175. 63.633, and
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67,597 for the placebo, 2 milligram per kilogram and 4 milligram per
kilogram doses, respectively. This effect indicated that subjects
receiving the placebo or 4 milligram per kilogram dose had
Significantly higher posttest pulse readings than those receiving the
2 milligram per kilogram dose. The placebo was not significantly
different from the" 4 milligram per kilogram dose.

In addition, the posttest pulse ANOVA revealed a significant main
effect of pill, r(I, 190) - 6.145, with means of 68.368 and 65.224 for
the pill and no pill groups, respectively. Oral contraceptive users
had significantly higher posttest pulse readings than non-oral,
contraceptive users.

The length of the menstrual cycle during which subjects were
tested was determined by contacting subjects to ascertain when their
next menstrual period, subsequent to the experiment, had occurred, and
computing the number of days since their last period. The cycle length
was Obtained for 206 out of 208 subjects. Cycle .lengths obtained
ranged from 20 days to 49 days. The range and mean menstrual cycle
length for each caffeine dose- and phase for oral contraceptive and
non-oral contraceptive users are given in Table 19. A 3(Caffeine
Dose) x 2;pill) x 2(Phase of Cycle) ANOVA was computed using the length
Of subjects”™ menstrual cycle as the dependent variable. No significant

differences among groups were found for the length of the cycle.



REe:'.*me
| s&4 :
m om m Table 19
Range and Mean 1 as a Function of Caffeine
"7
Phase of le,: Days 1-5 Days 9-13
S8R - _.'CYC_ \ !
- "tenl =l 'h o
Caffeine dose: 0 mg/kg 2 mg/kg 4 mg/kg O mg/kg 2 mg/kg 4 mg/kg
p . Oral contraceptive ez
usages Pill
fe fe ,1 Rrange (in days) 27-35 26-33 27-49 23-30 26-35 27-43
i
| Mean 29.19 28.44 30.18 27.73 28.19 29.56
8
No pill
Range ,(in days") 21-44 24-49 25-40 20-44 23-41 21-37
Mean 29.19 31.13 29.81 29.14 28.45 29.29
Jfew" i



DISCUSSION

The results of this experiment extend the work of Arnold et al.
(1987) to suggest that caffeine facilitates word recall performance at
differential levels of practice, yet the pattern of effects depends
upon endogenous hormone levels. The caffeine dose x serial position
interaction indicated that the facilitory effect of caffeine occurred
primarily for words in the primacy portion of the lists. This suggests
that caffeine influenced the efficiency of rehearsal processes or the
efficiency with which the information was manipulated in working
memory (Brodie & Prytulak, 1975).

Previous caffeine research (Arnold et al., 1987; Erikson et al.
1985) had not demonstrated a clear relationship between caffeine dose
and aerial position, with the caffeine and serial position effects
being additive. No consistent relationship between caffeine dose and
rate of presentation had been observed either. The larger cell sizes
in the present experiment relative to earlier research might, have
allotted a more sensitive test of this interaction in the present study.
In the present experiment, there was a minimum of 16 subjects per
cell. In Arnold et al- (1987), the smallest cell contained 1?
subjects, while in Erikson et al. (.1985), some cells contained as few
as six subjects. Previous research has demonstrated that the effect
of caffeine on memory performance is subtle and difficult to pinpoint.
The significant main effect; of caffeine and the interaction of caffeine

with other factors such as serial position and rate of presentation in

77



the present experiment may be attributed to the fact that the sample
size was large enough to provide the power necessary to detect effects
which are subtle. Brodie and Frytulak (1975) found that rate of
presentation and serial position both affected the efficiency of
rehearsal, with slower rates providing longer time for rehearsal prior
to recall, especially for words at the beginning of a word list. This
is relevant in the present.experiment where caffeine effects were
observed primarily at the slower presentation rates. Brodie and
Prytulak (1975) demonstrated that rate of presentation affects
rehearsal efficiency, with a slower rate of presentation improving
rehearsal efficiency for words in the primacy ; jrtion of word lists by
allowing a longer time to practice items between presentation of new
items and prior to recall. In the present experiment, it appears that
caffeine boosted the efficiency of word rehearsal for words in the
primacy position when those, words were presented at races slow enough
to allow rehearsal time. It seems likely that the combined effect of
caffeine dose, serial position, and rate of presentation in the present
experiment may be attributable to the fact that this experiment
employed a sample size large enough to detect this subtle, previously
elusive effect of caffeine

The effect of caffeine on the efficiency of rehearsal processes
and the transfer of information into long-term memory is further
supported by the main effect of caffeine dose in the final free recall
task. Cralk (1970) demonstrated better recall for words from the
primacy position than the recency position of word lists In a task
which required subjects to write a final free recall of 10 lists which

had been presented and recalled. The present study found a main effect



of caffeine dose for the final free recall task which indicated that
recall of words from the primacy portion of the word lists was
significantly better among subjects who had received caffeine than
among subjects who had received the placebo

The fact that caffeine facilitated recall for words in the primacy
portion of the lists, suggesting Increased efficiency of working
memory operations (i.e., rehearsal), is inconsistent with the Humphreys
and Revelle model (1984). The model suggests that trait levels of
impulsivity interact with stimulant drugs such as caffeine to produce a
state level of arousal. The model postulates that high levels of
arousal will impair performance on tasks that place heavy demands on
working memory operations and require that information be maintained
in working memory. The present word list recall task would be such a
task, requiring subjects to divide their attention and taxing their
information processing capacity. The model predicts that stimulant
drugs would increase arousal and impair performance on tasks placing
heavy demands on Working memory. In the present experiment, no
performance Impairment was observed: rather, performance was
facilitated among subjects administered the stimulant drug caffeine
The finding of a facilitory effect of caffeine under these conditions
iIs Inconsistent with the predictions of Humphreys and Revelle (1984)
Alternatively it could be argued that word list recall does not place
heavy demands on working memory operations. However, developmental
differences and adult age differences (Perlmuuter, 1978) are frequently
found in studies of word list recall, suggesting that the task requires
effortful cognitive processing for successful performance (Hasher &

Zacks, 1979), as failures in task performance are explained as
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iﬁeffiéient wording memory operations (Hagen & Stanovich, 1977).
Although iio study has directly assessed the amount of working memory
capacity expended when processing word lists, the sensitivity of the
task o individual differences in age clearly suggests that it places
demands on working memory operations.

Previous research had yielded conflicting results concerning the
effect of caffeine on memory for word lists among women. Erikson
et al. (1985). found a sex difference in the effect of caffeine such
that caffeine impaired memory among females when words were presented
at a slow (1 word every 3 seconds) rate. In a replication of the work
of Erikson et al. (1985), Arnold et al. (1987) found that caffeine
facilitated recall among females after practice with the task. In the
Erikson et al. (1985) study, female subjects were tested without
regard to oral contraceptive usage or phase of menstrual cycle. In
the work of Arnold et al. (1987), female subjects were tested only
during one of the first 5 days of the menstrual cycle in order to
ensure that the hormone levels of all female subjects would be similar.
In addition, individuals taking medications, including oral
contraceptives which might alter their hormone levels, were eliminated
from the Arnold et al. (1987) study as were women who did not
experience menstrual cycles. One explanation for these differences was
that the cyclical fluctuations in hormones present in a female
subject"s system might modulate any effect of caffeine. Thus, the
effect of caffeine in a woman might vary according to the phase of the
menstrual cycle during which she was tested.

The present study tested subjects during one of two distinct

points during the menstrual cycle. Phase 1 subjects were tested
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during one of the first 5 days of the menstrual cycle, the time during
the cycle when the level of estrogen is lowest (Asso, 1983). Phase 2
subjects were tested between Day 9 and Day 13, the time during the
cycle when estrogen reaches its peak level (Asso, 1983). In addition,
this study contrasted the performance of non-oral contraceptive users
who experienced naturally occurring cyclical fluctuations in their
level of endogenous hormones with that of oral contraceptive users
whose level of estrogen remained relatively stable across the cycle
because of the synthetic estrogen contained in oral contraceptives
(American Medical Association, 1986).

Support for the hypothesis that fluctuating hormone levels
modulate the effect of caffeine is found in the interpretation of
several ef the higher order interactions involving caffeine in the
present study. The caffeine dose x pill x phase of cycle x rate x
serial position Interaction provides some evidence that estrogen
interacts with caffeine to affect performance on a memory task.
Caffeine effects occurred only among oral contra < era during
Phase 1 and primarily among non-oral centi. ...ers during Phase 2
(see Table 8). This is conni lent with the hypothesis that estrogen
would Interact wifi, ins to facilitate recall performance. During
the firs” o days of the menstrual cycle, oral contraceptive users
should have a higher level of estrogen in their systems than non-oral
contraceptive users because the oral contraceptive inhibits the
naturally occurring drop in estrogen levels during the menstrual phase.
The hypothesis that estrogen would facilitate the effect of caffeine is
consistent with oral contraceptive users®" better performance during

this time. During Phase 2, the time of the naturally occurring
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estrogen peak among non-oral contraceptive users, the level of estrogen
among oral contraceptive users should be considerably lower than that
of non-oral contraceptive users (American Medical Association, 1986).
Thus, the better recall among non-oral contraceptive users during
Phase 2 is also consistent with the hypothesis.

Unfortunately, the clarity of the five-way interaction involving
caffeine and phase of cycle is complicated by the fact that caffeine
facilitated recall performance for words in the middle position among
oral contraceptive users during Phase 2 (i.e. those subjects whose level
of estrogen is held artificially low during this time in order to
prevent ovulation) when words were presented at the fastest rate of 1
Word every .5 second. One possible explanation of this is that the
extremely rapid rate may have influenced the effect of caffeine in ways
that are unclear. In the task of recalling words presented at the
rapid rate of 1 word per .5 second, there is minimal time for rehearsal
and the item retention interval, i.e., the length of time between
presentation of the word and recall, is extremely short. In addition,
when using lists of 12 words in length, It becomes leas clear whether
words in the middle position of the list receive additional rehearsals
as well.

A similar argument may explain the significantly greater recall
with caffeine for words in the middle position during Phase 2 among
non-oral contraceptive users when words were presented at the slowest
rate of 1 word every 5 seconds. One possible explanation of the
significant difference for words in the middle position is that extreme
rate modified the effect of caffeine. When words were presented at the

rate of one word every 5 seconds, there was ample time for rehearsal.



However, the item retention interval tor words in the primacy position
was extremely long and may account for the fact that significant dose
effects did not occur for words in the primacy position (Brodie &
Prytulak, 1975). Recall means for words In the primacy position among
non-oral contraceptive users at the slowest rate during Phase 2 i-ere
652, .721, and .762 for the placebo, 2 milligram per kilogram and

4 milligram per kilogram doses, respectively. An examination of these
means indicates that subjects™ recall was improved with caffeine
particularly under the 4 milligram per kilogram dose; however, the
improvement was not large enough to achieve significance. Thus, one
can argue that caffeine did facilitate performance for words in the
primacy position at the slowest rate; however, the effect was net great
enough to be st .tistieally significant

The significant caffeine dose x phase of cycle x practice x
serial position interaction further supports the hypothesis that
estrogen interacts with caffeine to facilitate long-term memory
performance. According to this interaction, at the first two levels of
practice, there was no effect of caffeine during Phase 1, when the
level of estrogen is low (averaged across oral contraceptive users
and non-oral contraceptive users). Puring Phase 2, the estrogen peak
caffeine facilitated recall of words from the primacy portion of the
list at both the first and second levels of practice. At the third
level of practice, caffeine effects occurred during both phases and
during Phase 2, caffeine significantly increased recall for words in
the middle position, rather than in the primacy position. The finding
that caffeine facilitated recall at the third level of

not the first two levels of practice during Phase 1 is congruent, with



the results of earlier research. Arnold et al. (1987) found that
caffeine facilitated recall at the third level of practice among
females tested during the first 5 days of the menstrual cycle. One
ould speculate that estrogen interacts with caffeine to affect
performance at repetitive tasks, with more practice required to
tacilltate recall when the level of estrogen is low. It could be
hypothesized that practice improves performance with caffeine when
estrogen levels are low, but the facilltory effect of high estrogen on
caffeine diminishes with practice

The reason for the shift in the facilltory effect of caffeine and
estrogen at the third level of practice during Phase 2 for words in the
middle position is unknown, especially since the facilltory effect for
the words in the primacy position failed to occur. The possibility
exists that task repetition caused a shift in the focus of subjects
attention

The hypothesis that caffeine and estrogen .nteract to facilitate
long-term memory recall is further supported by the finding of a
significant caffeine dose x pill x phase of cycle interaction for
words written in the final free recall task. Oral contraceptive users
tested during Phase 1, the group with the higher level of estrogen
had a higher proportion of recall under the 2 milligram per kilogram
caffeine dose than non-oral contraceptive users, the group with the
lower level of estrogen during Phase 1. During Phase 2, a reversal of
this effect occurred with non-oral contraceptive users who received
caffeine recalling a higher proportion of words than oral contraceptive
users. An examination of the means (see Table 12) reveals i large

difference between the caffeine and placebo doses for the high estrogen



groups, 1i.e. Phase 1 oral contraceptive users and Phase 2 non-oral
contraceptive users. For oral contraceptive users tested during
Phase I, both the 2 milligram per kilogram and 4 milligram per kilogram
doses produce greater recall than the placebo, although only the
2 milligram per kilogram dose produces a significant difference. For
non-oral contraceptive users tested during Phass 2, a similar pattern
exists with greater recall occurring under the 2 milligram per kilogram
and 4 milligram per kilogram doses, although in this case, the
differences are not large enough to reach significance. Among the low
estrogen groups, i.e., non-oral contraceptive users tested during
Phase 1, and oral contraceptive users tested during Phase 2, there is
little difference among the means for different doses

Analysis of word intrusions, i.e., words written in the recall
which were not presented in the lists, revealed a significant phase x
pill x rate of presentation interaction wherein oral contraceptive
users tested during the first 5 days of the menstrual cycle had
significantly more intrusions than the other groups. This result seems
inconsistent with our hypothesis that caffeine and estrogen interact to
facilitate performance on this cognitive task. The occurrence of an
intrusion is typically interpreted to reflect an imprecise memory for
the original information. The fact that: caffeine dose did not
influence the number of intrusions suggests that perhaps the Increased
ate of infusions occurred for some other reason

As in previous research, there appeared to be no clear
relationship between the 2 milligram per kilogram dose and the 4
milligram per kilogram dose of caffeine. At times, both dosages

produced effects; however, only Infrequently was the relationship
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linear, i.e., Increasing effects with increasing dose levels
frequen}ly, the 2 milligram per kilogram dose produced a significant
effegi While the placebo and 4 milligram per kilogram dose produced no
effect, or else the 4 milligram per kilogram dose produced the effect
while the 2 milligram per kilogram dose wa3 not significant. The
reasons for this are unclear, and no discernible pattern seems to
occur. A possible explanation for the variability of effect is that
there may be Variability in subjects™ caffeine consumption habits or
other habits to account for differences in dose effects. The analysis
of caffeine consumption scores does not support this since no
difference between groups emerged in the analysis of either typical
caffeine consumption, or caffeine consumption during the 3

the experiment. However, perhaps some variable which was not measured

is a causal factor

Indlvidual Differences

Several potential confounding variables were uncovered in
analyses of individual differences. In the analysis of WAIS-R
vocabulary subtest raw scores, two interactions were observed
first of these, non-oral contraceptive users nested during the second
phase had significantly higher WAXS-R vocabulary subtest raw scores
than non-oral contraceptive users tested during the first phase. In
the second interaction, oral contraceptive users tested during Phase 1
who received the 2 milligram per kilogram dose of caffeii.- had
significantly higher WAIS-R vocabulary subtest raw scores than those
under the placebo. However, no significant differences emerged when

the WAIS-R vocabulary scaled scores were analyzed. The scaled scores



were taken from Appendix P of the WAIS-R Manual (Weschler, 1981) which
gives the scaled score equivalent of the raw scores by age groups. The
purpose of these scaled scores is to permit a subject®s score "to be
interpreted in relation to the performance of the subject"s age peers
(- 139). Thus, when individual subject®s raw scores on the vocabulary
test were compared with other subjects in the same age bracket, there
were no significant differences among the dose x phase x pill groups
Therefore, it may be argued that the WAIS-R vocabulary subtest raw
scores were not a serious confounding factor

Another potential confounding variable was the lie score on
the Eysenck Personality Inventory. Analysis of this variable revealed
a significant main effect of dose as well as a significant caffeine
dose x phase of cycle interaction indicating that subjects receiving
the 4 milligram per kilogram dose during Phase 1 had significantly
lower lie scores than the rest of the subjects at either of the phases
The fact that the lie scores were lower rather than higher seems to
indicate that this group of subjects was significantly more honest and
self-aware in responding to the questions on the Eysenck Personality
Inventory. Apparently, their candor in answering the questions did not
cause them to be significantly different from the other groups with
regard to Introversien/extraversion, sociability, or impulsivity, since
these analyses revealed no significant differences among groups. Since
subjects took the Eysenck Personality Inventory prior to being selected
for the experiment, and since they were assigned to groups based upon
their impulsivity scores rather than their lie scores, it can

reasonably be argued that the concentration of low lie scores in



this group is due to random chance lather than to some difference in
this group which would affect caffeine dose or phase of cycle.

Analysis of the systolic (l.e., the greatest pressure caused by
the contraction of the heart) and diastolic (i.e., the pressure during
the relaxation phase between heart beats) .blood pressures and the
ratio blood pressure dependent measures revealed some differences
between groups. The AHOVA of the difference scores (i.e., the systolic
reading minus the diastolic reading) indicated that oral contraceptive
users tested during Phase 1 who received the placebo had higher pretest
difference scores than those receiving caffeine. This effect failed to
achieve significance in the post hoc analysis and, thus, is not
considered a robust finding which seriously compromises the experiment.
Analysis of the pretest ratio blood pressure measure indicated that,
among non-oral contraceptive users tested during Phase 1, those
receiving the A milligram per kilogram dose had significantly higher
ratio blood pressure scores than those receiving either the 2 milligram
per kilogram dose or the placebo. That this group is different than
the other groups on this measure is clear; less clear is the meaning of
this particular iress” te. This measure is achieved by dividing the
systolic blood pressure reading by the diastolic blood pressure
reading. Analyses of the systolic and diastolic measures failed to
reveal any significant differences among groups. Therefore, the
difference among groups on the ratio score reflects some difference in
the way the systolic and diastolic readings combined in the Phase 1
oral contraceptive users who received the 4 milligram per kilogram dose.

Among the posttest blood pressure readings, a significant

difference among groups was observed for subjects” diastolic readings.



Caffeine Is known to increase blood pressure (Rail
this war the rationale for eliminating subjects from the study who had
greater than high average blood pressure readings (over 140/90)
Therefore, it was not unexpected that subjects receiving either the
2 milligram per kilogram or the 4 milligram per kilogram dose of
caffeine had significantly higher posttest diastolic readings. This
finding provided some physiologicar evidence that the amount of
caffeine administered to subjects was adequate to have an Impact upon
them

The blood pressure readings were indirect, external measurements
taken manually by experimenters using a sp,\ ,momanometer with a dial
and a stethoscope. In using this device, the needle moves along the
dial as the experimente” listens for the beat in order to determine the
appropriate blood pressure reading. It is possible that differences in
experimenters” auditory thresholds could have been a complicating
factor in all of the physiological measures which may have resulted in
differences among groups on some measures. However, since
experimenters were randomly distributed across the cells of the design
one would not expect to find individual differences between groups on
physiological measures

Each subject"s pulse was taken before and 25 minutes after
receiving caffeine or the placebo. Analysis of the pretest pulse
readings revealed a significant main effect of caffeine dose, such that
subjects receiving the 4 milligram per kilogram dose had significantly
higher pretest pulse readings than subjects receiving the 2 milligram
per kilogram dose. Thus there were differences in the groups in their

rate of heartbeat, even prior to the administration of



slgnificautly higher pulse readings of this group extended to the
posttest redding as veil. Furthermore, in the posttest pulse ANOVA
oral contraceptive users had significantly higher pulse rates than
non-oral contraceptive users. The reasons for these differences in
pulse ra as are unknown and constitute potential confounding variables
in the present experiment. However, the selected appearance of
caffeine effects argues against® this as a robust confound. That is, if
it were a serious confound, then dose effects should have occurred

consistently throughout the analysis

Critique of the Present Study

Ohe potential shortcoming of the present study was that level of
impulsivity was not included as a separate factor. The decision not to
Include Impulsivity as a factor was made for practical reasons. The
number of subjects needed to include impulsivity as a separate factor
would be extremely large. Also, previous research (Arnold et al
19871 Erlkson et al., 1985) failed to find any effect of impulsivity on
word list recall. The focus of the present study was to examine the
potential interactive effect of endogenous hormone levels and caffeine
Therefore, it was decided"that levels of impulsivity, as measured by
the impulsivity aubscale of the Eysenck Personality Inventory, would be
balanced across calls so that both high and low impulsive subjects were
included in each cell. This ensured that the effect of caffeine would
not be the result of group differences on the variable of impulsivity
yet it weakened the ability of the experiment to detect any effect of
impulsivity. However, since previous caffeine research has failed to

support the theoretical Interaction of caffeine and impulBivity, the



decision not to include impulsivity as a separate factor in the present
study seemed prudent.
i > * o

One of the major shortcomings of the present study was the lack of
clarity and precision in distinguishing among estrogen levels.

Subjects were assigned to groups based upon their self-reported first
day of the menstrual period. The usual concerns about inaccurate
self-report data apply to this study although every effort was made po
double check information in order to identify and resolve
discrepancies. Subjects were asked to identify the date on which their
period began both at the time of setting up the appointment and again
upon arrival for their appointment. At that time, they were reminded
that they would be contacted to find out when their next period began,
and were contacted periodically subsequent to their appointment in
order to insure accuracy on their report of the date on which their
period following the experiment began. Despite these precautions, it
is likely that some of the self-report data of menstrual cycles is
inaccurate.

The problems caused by the self-report nature of the data are
further complicated by variation among subjects in length of menstrual
cycle. Phase 2 subjects were tested during a 5-uay period beginning 9
days following the self-reported onset of menstruation. This time
frame was chosen based upon the theoretical 28-day cycle, as described
by Asso (1983). Some subjects had menstrual cycles as short as 20
days, others as long as 49 days. According to Asso, the time of
ovulation, which follows the estrogen peak within a day or two, can be
determined only by counting backward from the onset of the next

menstrual period. Thus, for a subject with a 49-day period, her
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estrogen peak may have occurred on Day 33 of her cycle, whereas for a
subject with a 20-day period, her estrogen peak may have occurred on
Day 5. Therefore, since all Phase 2 subjects were tested 9 to 13 days
after the onset of menstruation, it is very probable that the estrogen
peak was missed for some of the subjects. Since the data from all of
the subjects was included it. the analysis, it is certain that some of
the Phase 2 data does not truly reflect the performance of subjects
tested during their estrogen peak. However, subjects tested during
Phase 2 undoubtedly had somewhat higher estrogen levels than those
tested during Phase 1, because of the fact that estrogen is at its
lowest level of the menstrual cycle only during the first 5 days,
i.e., during Phase 1. While the cyclical estrogen peaks of Phase 2
subjects may have been missed, It is likely that their estrogen levels
were higher than those of Phase 1 subjects. This suggests that the
present data underestimate the true extent of estrogen effects that
would be observed if the estrogen peak were precisely determined.

A further shortcoming of the present experiment is that there was
no way to identify subjects who had anovulatory cycles, another
condition which would indicate possible*irregular levels of estrogen.
In previous menstrual cycle research which utilized basal body
temperature as an indicator of ovulation (Broverman et al., 1981), 24%
of subjects were identified as having anovulatory cycles. The
Broverman et al. (1981) study was conducted on a college population
similar to that employed in the present study. In the present
experiment, identifying subjects with anovulatory cycles was not
possible because temperatures were not taken. It is very likely that

the present sample included subjects with anovulatory cycles and the
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level of estrogen In tKe.tr systems remains unknown without blood
sampling to provide that information. The finding of phase effects
despite this conservative manipulation of estrogen suggests that the
modulatory effect of estrogen on caffeine may be underestimated in the
present study.

Lack of information concerning the specific level of estrogen in
the body also presents dIfficalty among the oral contraceptive using
groups. In some of the interpretations of the interactive effects of
caffeine and estrogen, the point was made that caffeine facilitated
recall among groups with high levels Of estrogen in their systems,
lI.e., oral contraceptive users during Phase 1 and non-oral
contraceptive users during Phase 2. However, estrogen containing oral
contraceptives keep blood levels of estrogen relatively stable across
the menstrual cycle (Ling et al., 1985). Thus, oral contraceptive
users tested during Phase 1 should have estrogen levels approximately
equivalent to oral contraceptive users tested during Phase 2, and one
might logically expect the effects of caffeine mn oral contraceptive
users to be the same during both phases. This was not the case in the
present experiment. It is impossible to tell from the information
gathered in this experiment if the effect of phase of cycle, which is
hypothesized to reflect different endogenous levels of estrogen, is
actually attributable to different estrogen levels without independent
confirmation of estrogen levels, especially In oral contraceptive
users. Radioimmunoassay of blood samples would provide such a
confirivo.tifa.

Another shortcoming of this experiment which Is rolated to the

issue of oral contraceptives concerns the comparability of different



oral contraceptives with regard to level of estrogen. In the present
study, only subjects who used estrogen containing oral contraceptives
were Included In the oral contraceptive sample. However, this still
leaves a great deal of variable*_v in this sample, since some subjects
used oral contraceptives which contained low doses of estrogen, as low
as 35 roicrograms, while others used nroducts contai®ing as much as 100
mlcrdgrams of estrogen. Furthermore, some subjects were using biphasic
oral contraceptives while others used a triphasic variety. Phasic oral
contraceptives contain a variable dose of progestin depending upon the
day of the cycle. Biphasic regimens consist of two types of pills,
with each type containing a different level of progestin. Triphasic
regimens contain three types of pills with different levels of
progestin. Thus, oral contraceptive users In the experiment are
"Irigesting somewhat different levels of synthetic progestin at various
points of the menstrual cycle. While Information regarding exact brand
of oral contraceptive was obtained for each subject, it is still
difficult to make a determination of the level of estrogon present in a
subject’s system without the use of blood analysis. In the present
Study, the inclusion of subjects with various levels of estrogen in
their systems resulted in a conservative manipulation of estrogen which

may underestimate its effect.

Recommendations for Future Research

Since it has been difficult traditionally to produce significant
effects in experiment.® examining variations in performance associated
with the menstrual cycle, it would seem prudent to replicate the present

experiment to see if the results obtained In this experiment are valid.
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In future research, It would be useful to test subjects during at
Bara;M .- VE *-t _ _
least one other phase of the menstrual cycle. Doing so would provide a
moi. comprehensive picture of the cyclical variability of

- JIT C

%fffﬁi?ejﬁnf!uenced memory pgﬁfer@gvce. Previous caffeine research has
demonstrated that caffeine both facilitates (Arnold et al., 1987) and
impairs (Erikson et al., 1985) the performance of women on word list
recall. The central hypothesis of the present study has been that
estrogen interacts with caffeine to influence performance. A
facilitory effect was observed in the present work. It is likely that
the relationship between hormones and caffeine is far more complex and
has greater variation than has been observed in the present experiment
Since some evidence of memory impairment was found by Erikson et al
(1985), studying the effect of caffeine during other phases of the
menst’ual cycle might clarify the nature of any caffeine Induced memory
impairment. Other research has focused on different aspects of hormonal
variation such as estrogen versus progesterone (Broverman et al
1981). It would be interesting to study the effect of caffeine on
memory during the mid-luteal phase when the level of estrogen is at
midpoint and the _level of progesterone peaks. A study such as this
would provide three points of comparison with regard to estrogen level
and two very distinct points of comparison for progesterone level

A further recommendation for future research is that greater
attention be given to pinpointing of the pre-ovulatory estrogen peak for
iiujividual subjects. In the present study, no attempt was made to do
this except for eliminating subjects who reported that they had very
irregular or extremely long cycles. Other researchers (Broverman

et al., 1981; Graham, 1980) have attempted to do this by a variety of



methods. Brovermati ei al. (1981) used basal body temperature readings
to determine whether ovulation occurred for individual subjects and
made the assumption that if ovulation had occurred then the
preovulatory estrogen peak had also occurred. Medical research seems
to support this inference. Graham (1980) varied the time of the
testing according to an estimate of when ovulation would occur, based
upon basal body temperature readings from the previous cycle. A
shortcoming of this method is that among younger subjects in particular,
cycle length one month may not be a good predictor of cycle length the
following month.

Thirdly, it would be useful to include additional tasks in future
research. The results of the present study fit well into the caffeine
literature; however, this type of tank, i.e., word list recall, has
not been attempted before in studying cyclical variations in cognitive
performance. The use of this task adds a new, rather rich dimension to
that literature. However, it would be useful to tie this measure into
the existing literature by including some perceptual restructuring
tasks used iIn previous studies when replicating the present study.

This might provide a more comprehensive interpretation of the variation
in cognitive performance that has been available up to this point.

Finally, the strongest asset to any future design aimed at
examining variations in performance associated with estrogen level
would be the use of analysis of estrogen levels and other hormone
levels in the blood. This is the only truly accurate way of
determining the concentration of estrogen in a subject"s system at a
particular time. Graham (1980) utilized assays from subjects®™ urine

samples but Indicated that this was too gross a measure. Her

FHY 0



o.mencla: for. that menstrual cycle research needs to employ blood

iplIng techniques still stands. Unfortunately, the high cost of such
- -

ipling makes its use prohibitive for researchers without sources of
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APPENHIX A

CAFFEINE CONSUMPTION QUESTIONNAIRE

mA"



10.

11.

13.

CAFFEINE CONSUMPTION QUESTIONNAIRE 1

Do you drink coffee regularly?

Yes

If yes, how many cups per day? (Circle one)

1 2 3 4 5 6 7 8 9

What time of day, primarily, do you

10 or more

drink coffee?

% © Vv,
Morning Noon to.evening
After supper Throughout the day

Do you regularly drink soda pop?

Yes No

If so, what kind do you usually drink?

If you do regularly drink soda pop,
(one can » 12 0z.)

about how many ounces per day?

©-4 (9-12) (11-16)

17-24)
What time of day, primarily, do you
__Morning
_After supper
Do you regularly drink tea? Ye
IT so, how many cups per day? vCirc

1 2 3 4 5 6 7 8 9

drink your pop?

Noon to evening
Throughout the day
s No

Le one)

10 or more

What time of day do you regularly drink your tea?

Jiorning Noon to evening

Do you regularly take No-Doz?

After supper

Yes

If so, how often do you take No-Doz?

Do you regularly take Vivarin?

100

Yes



17.

18.

101
how often do you take Vivarir.? [ ]
- V "A , " - -
regularly take diet pills? Yes No

[ ]
what kind do you take and how often do you take diet pills?

-x
d = VA ee il 1.- : B -
Do you regularly take over t’e counter medication (i Aspirin
Excedrin, Midol, Alka Seltzer, etc. . . .)?
- W ‘ 1. .
— ——Yes ——— No

IT you do regularly take over the counter medication, what kind
do you take and how often do you take these medications?
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CAFFEINE CONSUMPTION QUESTIONNAIRE 11
Did you drink coffee during the last three days?
Yes No
W?. mm .
2. If yes, how many cups per day? (Circle one)
Ipr Less than 1 1 2 3 4 5 6 7 8 9 10 More than 10
Die you drink soda pop during the last three days?
LI -y m
Yes No

If so, what kind did you drink?

If you did drink soda pop during the last three days, about how
many ounces per day: (one can » 12 0z.)

G-8.) (9-12) (11-16)
(More than 24 og.)
Did you drink tea during the last three days?
_Yes Mo
If yes, hov; many cups per day? (Circle one)
Leas than 1 i1 2 3 4 5 6 7 8 9 More than 10
8. Did you take No-Doz in the last three days?
___Yes _____No
9. If yes, how many per day did you take?
Lless than 1 1 2 3 4 5 6 7 8 9 More than 10
10. Did you take Vlvarin during the last three days?
_ Yes; No
11. If yes, how many per day did you take?
Lless than 1 1 2 3 4 5 6 7 8 9 10 More than 10

103



13.

14.

16.

Did you take any diet pills in the last three days?

If so, what kind did you take?
IT you did take diet pills, how many per day did you take?
5 6 7 8 9 10 More than 10

Did you take any over the counter medication in the last three
days (l.o., Aapirin, Excedrin, Midol, Alka Seltzer, etc.

If so, what kind did you take?

If you did take over the counter medication, how much of the
medication did you take per day?

How many hours has It been since you have last taken any substance
wi"h caffeine in it (l.e., any of tile substances mentioned above)?

,t was the substance?

' much did you consume?






Table 20
Caffeine Dose by Oral Contraceptive Usage by Phase of Menstrual Cycle by
level of Practice by Rate of Presentation by Serial Position Analysis of

Variance Summary: Proportion of Words Recalled

Sum of Mean

Source df squares square F
Dose (D) 2 .652 .326 1.517
Pill (PL) 1 -006 -006 .030
Phase (PH) 1 .039 -039 .180
D x Pi 2 453 .226 1.052
D x PH 2 .164 .082 .381
PL x PH 1 174 174 .807
D X PL x PH 2 .507 .254 1.179
Error 196 42.162 .215
Practice (PR) 2 518 .259 7.991%**
D x PR 4 .083 .021 641
PL x PR 2 .063 .031 967
PH x PR 2 .043 .021 .663
D x PL x PR 4 327 .082 2.522*
D x PH x PR 4 -138 .035 1.066
PL x PH x PR 2 0.51 .025 781
D x PL x PH x PR 4 .047 .012 -360
Error 392 12.705 .032
Rate (R) 3 47.012 15.671 339.647***
D xR 6 222 .037 .801
PL x R -3 .091 .030 661
PH x R 3 .213 .071 1.538
Dx PL x R 6 -329 .055 1.189
D x PH x R 6 2711 .045 .979
PL x PH x R 3 .065 .022 468
Dx Pl, x PH xR 6 424 .071 1.533
Error 588 27.129 .046
Serial position (SP) 2 207.017 103.509 940.659***
D x SP 4 1.361 -340 3.092*
PL x SP 2 .803 .401 3.648*
PH x SP 2 575 .288 2.614
D x PL x SP 4 .110 .028 -250
P x PH x SP 4 .351 .088 798
PL x PH x SP 2 -100 .050 455
D x PL x PH x SP 4 .818 .204 1.857
Error 392 43.135 .110
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Table 20— (Continued)

Source

PR x R

D x PR xR

PL X PR x R

PH x PR x R

Dx PL x PR xR

D x PH x PR x R

PL X PH x PR X R

D x PL x PH X PR xR
Error

PR x SP

D x PR x SP

PL x PR x SP

PH x PR x SP

D x PL x PR X SP

D X PH x PR x SP

PL x PH x PR x SP

D x.PL x PH X PR x SP
Error

R x SP

D xR X SP

PL X R x SP

PH x R x SP

Dx PL xR X SP

D x PH XR X SP

PL x PH x R x SP

DX PL x PH xR x SP
Error

PR x R x SP

D x PR x R x SP

PL x PR x R x SP

PH x PR x R x SP

Dx PL x PR xR X SP

DX PH x PR x R x SP

PL x PH x PR X R x SP

D x PL x PH x PR x R x SP
Error

Total

107

Sura
df squares

.314
2313
.046
.099
.286
.235
.130
.418
1176 37.329

.075
.266
.236
.047
.501
.985
.185
.278
46.048

RoRRooRao

Poboowobdphobd

78

44 .026
.719
.397
.536
.743
724
.252

1.629

1176 69.548

KolRooRo

3.262
.762
.378
.530

1.221

24 1.766
12 .981
24 .980
2352 136.886

RRRRK

7487 741.278

Mean
square

.052
.026
.008
.016
.024
.020
.022
.035
.032

.019
.033
.059
.012

.099

1.649
.822
241
.518
.751
.616
.683

1.098

.018
.565
1.004
.200
1.065
2.096*
.790
.591

124 _.076***
1.012
1.118
1.510
1.047
1.020

.711
2.295**

4.670%**
.546
541
.759
.874

L.264

1.404
. 701
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Table 21

108

[0
=

Caffeine Po3e by Oral Contraceptive Usage by Phase of Menstrual Cycle

Analysis of Variance Summary::

Source

Dose (D)
Pill (PL)
Phase (PH)
D x PL

D x PH

PL x PH

D x PL x PH
Error

Practice (PR)

D x PR

PL x PR

PH x PR

D X PL x PR

D x PH x PR

PL x PH x PR

D X PLx PH x PR
Error

Rate (R)

D x R

PL x R

PH x R

D x PL x R

D x PH x R

PL x PH X R

D x PL x PH x R
Error

Serial Position (SP)
D x SP

PL x SP

PH x SP

D x PL x SP

D x PH x SP

PL x PH x SP

D x PL x PH x SP
Error

Organizational Output Scores

Sura of
df squares

.2/3
.227
.094
.033
.653
.040
.188
18.206

NNERENN=E RN

19;

. .282
.243
.045
.130
211
.292
.148

AI>N>ANNADN

38 22.874
2.584
.133
.218
.104
.559
.653
.087
.170
",1.802

DOWOO OWWOoOW

57

212.8)7
3.952
J19A
6.261
2.A06
2.698
172
3.581
361.310

§>I\J>>I\JI\J>I\)

3

Mean

square F
.136 1.439
227 2.391
-094 .594
.017 .176
.327 3.444*
.040 427
.094 .992
.095
2141 2.367
.061 1.019
.022 .375
.065 1.089
.053 .885
.073 1.226
.074 1.241
.027 -AA7
.060
.861 11.869***
.022 .306
.073 1.000
.035 _A76
.093 1.284
.109 1 .A99
.029 -399
.028 .391
.073

106.423 113.107***
.988 1.050
.097 .103

3.131 3.327*

.602 .639
.675 717
.086 .092
.895 .951
.941
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Table 21— (Continued)

Source

PR x R

D x PR X R

PL X PR X R

PH x PR x R

B x PL x PR xR

D x PH x PR X R

PL x PH x PR x R

P X "L x PH x PR X R
Error

PR x SP

D x PR x SP

PL X PR x SP

PH x PR x SP

D X PL x PR x SP

D x PH x PR X SP

PL x PH x PR x SP

D x PL X PH X PR x SP
Error

R x SP

B x R x SP

PL x R x SP

PH x R x SP

D x Pl. x R x SP

D x PH x R x SP

PL x PH x R x SP

Dx PLx PH x R x SP
Error

PR x R x SP

D x PR xR x SP

PL x PR X R x SP

PH x PR x R x SP

Dx PL x PR X R x SP

D x PH x PR xR x SP

Dx PL x PH Xx PR X R x SP
Error

Total

109

.Sun of
df squares

.270
.489
.413

RolRooRo
%
&

1152 68.687

3.634
2.275
1.177
1.565
3.752
. 2.536
1.080
2.683
235.253

oo hHhwODMDOODN

~
)]

13.459
4.287
3.815
1.301
5.152
2.420
1.801
5.271
355.-877

e
K 8RoRlRoolo

.931
24 7.860
12 5.487
12 2.541
24 6.407
24 5.197
24 7.397

2304 639.687

7343 2082.014

Mean
square

.041
.069

.054
.029
.026
.057
.060

.908

.294
.391
-469
.317
.270
.335
.306

2.243
.357
.636
.217
.429
.202
.300
.439
.309

.078
.327
.457
212
.267
217
.308
.278

.284

.755

1.154
1.303
.910

.430
.951

2.966*
.929
.960

1.277

1.531

1.035

1.095

7.261%**
1.157
2.058
.702
1.390
.653
971
1.422

.279
1.180
1.647
.763
.962
.780
1.110
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