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ABSTRACT
Caffeine, a central nervous system stimulant, is
said to produce an elevation in level of arousal.
Humphreys and Revelle (1984) have proposed a model to ac
count for changes in information processing efficiency
resulting from differences in personality, situational
moderators such as caffeine, and type of information pro
cessing task.

According to the model, a high level of

state arousal will result in poor performance on short
term memory tasks, while improved performance will occur
at a low level of arousal.

In this experiment, subjects'

trait level of arousal, as measured by the impulsivity
subscale of the Eysenck Personality Inventory, was
manipulated by administering caffeine, to produce a state
level of arousal.

Subjects' performance on a free recall

task was examined to see if caffeine affected short-term
memory performance on a theoretically based task.
Seventy-four male subjects were divided into groups
of high and low impulsives.

These two groups were further

divided according to amount of caffeine administered,
0 mg/kg, 2 mg/kg or 4 mg/kg of caffeine, resulting in six
groups.

Subjects were administered caffeine according to

dose level and body weight.

IX

Following a 30 minute absorption period, subjects
listened to twelve lists of words presented at four rates
which varied from one word every five seconds to two words
per second.

Following the presentation of each list,

subjects wrote their recall of the list.

Subsequently,

subjects wrote a final free recall of words from all lists.
The proportion of words recalled from the primacy,
middle and recency portion of each list was computed.

A

2(Impulsivity) x 3 (Dose) x 4 (Rate) x 3 (Serial Position)
x 3 (Practice) ANOVA was computed with the proportion of
words recalled as the dependent variable.
The primary result was a dose x rate interaction
with caffeine impairing recall under the 2 mg/kg dose for
words presented at the slow rate, and caffeine facilita
ting recall under the 4 mg/kg dose for words presented at
the fast rate.

Differences in recall between the slow and

fast rate declined as the dose of caffeine increased.
Thus, it appeared that with caffeine, subjects were fail
ing to benefit from the slow rate of presentation.
The results of this study indicate that caffeine af
fects the efficiency of processing in short-term memory
tasks differentially according to dose and rate.

x

INTRODUCTION
Caffeine is the most widely accepted and frequently
used central nervous system stimulant in our culture,
chiefly because of its presence in commonly consumed
beverages such as coffee, tea and cola as well as in many
over the counter drugs.
Until recently, there has been little research
investigating the effects of caffeine on human memory
functioning.

This thesis studied the effects of caffeine

on the recall of word lists because it has been hypothe
sized that caffeine exerts an influence upon the effici
ency with which information is processed.

This work was

based upon previous research in two main areas.

One area

of research has investigated the pharmacological effects
of caffeine, its metabolism and its physiological impact
on the body.

A second vein of research has focused upon

the interactive effects of caffeine and personality upon
behavior.

Both of these areas will be discussed.

The chemical structure of caffeine is that of the
purine derivative xanthine, with methyl substituents
attached to positions 1, 3 and 7 (von Borstel 1983).
Since caffeine is at once water soluble and hydrophobic,
it is rapidly and almost completely (99%) absorbed from
1
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the gastrointestinal tract.

Peak plasma levels of caf

feine are reached within 15 to 45 minutes after oral in
gestion (Bonati et al. 1982).

Thus, caffeine becomes

widely distributed throughout the body, in the brain,
testes and fetal tissue within a relatively short period
of time.
Caffeine is inefficiently excreted by the kidneys
and thus, over 98% of ingested caffeine undergoes bio
transformation into metabolites in order to facilitate
its elimination from the body.

The site of biotransforma

tion is the liver where caffeine transformation involves
the removal of one of the methyl substituents, yielding a
dimethylxanthine.

In humans, paraxanthine is the primary

metabolite found although some transformation to theophyl
line and theobromine occurs.

Additional transformations

of these metabolites occur in the liver, yielding urinary
metabolites which then enter the bloodstream and are
efficiently excreted in the urine.
In humans, the half-life of caffeine in blood plasma
is five to six hours.

However, the half-life can vary

widely depending upon other factors.

For example, preg

nancy increases the half-life in plasma to 18 hours dur
ing the second and third trimester (Aldridge et al.
1981).

Oral contraceptives increase the half-life to 10.7

hours (Patwardhan et al. 1980).

3

The specific molecular mechanism which mediates the
pharmacological effects of caffeine has not yet been
specified.

One hypothesis, formulated on the basis of

experiments performed on isolated tissue in vitro, is that
caffeine inhibits phosphodiesterase (PDE), an enzyme
which breaks down cyclic adenosine-monophosphate (cAMP),
a compound mediating the actions of many hormones and
neurotransmitters.

However this hypothesis has not fared

well lately, since recent studies have shown that rela
tively high doses of caffeine fail to alter cAMP levels
in intact animals (Neims & von Borstel 1983) .
Another potentially fruitful hypothesis is the
adenosine receptor-blocker hypothesis which states that
caffeine in low doses blocks the physiological effects of
the purine nucleotide adenosine.

Adenosine is present

in extracellular spaces of tissues, known as adenosine
receptors, and serves to have a tonic or sedating influ
ence on a wide variety of physiological processes includ
ing heartbeat, blood pressure and breathing, among
others.

Small doses of methylxanthines have been found

to antagonize these and other actions of adenosine.
Although it does not account for all of the effects of
caffeine, the adenosine receptor-blocker hypothesis ac
counts for more of the varied effects of caffeine in
humans than does any other proposed explanation.

This

hypothesis has been supported in at least two independent
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studies (Daly et al. 1983; Snyder 1981).

Furthermore,

many of the physiological responses to administered adeno
sine are opposite those of caffeine.

However, it has not

been directly shown that endogenous adenosine has effects
on physiological processes large enough to account for
many of the effects of caffeine.

Therefore, the pharma

cological effects of caffeine remain a puzzle.
The observable physiological effects of caffeine
consumption vary according to level of consumption.

A

one to two milligrams per kilogram dose of caffeine,
the equivalent of one cup of coffee, typically resulting
in peak plasma caffeine levels of 15-30 micromoles, may
produce mild anxiety, respiratory stimulation, cardiovascu
lar effects, diuresis and increased gastric secretion
(Rail 1980; Robertson et al. 1978).

The extent of these

effects varies with the individual's habitual level of
caffeine consumption, such that individuals with habitu
ally high consumption levels will be less affected, due
to the development of tolerance (Robertson et al. 1981).
Peak plasma levels between 150-200 micromoles, the equiva
lent of approximately 7 to 10 cups of coffee, may produce
symptoms of acute toxicity which include severe restless
ness, excitement leading to mild delirium, muscular ten
sion and twitching and tachycardia.

Peak levels of 0.5-

1.0 millimoles are lethal (McGee 1980).

This level is

the equivalent of 75 cups of coffee consumed within 30
minutes.
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In summary, the metabolism and physiological effects
of caffeine may vary widely among individuals depending
upon the amount consumed, habitual consumption level and
numerous other peripheral factors including pregnancy and
the use of oral contraceptives.
The effects of caffeine on behavior have been
studied within the framework of a theory of personality
proposed by Eysenck (1967) which states that the person
ality dimension of introversion/extraversion is based upon
physiological differences between individuals, specifically
the individual's level of cortical activation or arousal.
Arousal level is controlled in the brain by the reticular
activating system.

Eysenck has proposed that introverts

have a higher base level of arousal than extraverts.
According to the theory, the behavior of extraverts is
caused by attempts to raise their level of arousal to more
optimal levels.

The introvert's level of arousal is

higher and, thus, already near the optimal level.

The

behavior of introverts is explained as an attempt to avoid
overstimulation and, thus, maintain the optimal level of
arousal.
An experiment by Revelle, Amaral and Turiff (1976)
used caffeine to examine the effect of the level of
arousal on performance of a task measuring verbal ability.
The task employed was a practice test similar to the
Graduate Record Examination which consisted of analogies,
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antonyms and sentence completions.

Subjects were admin

istered three comparable forms of the test under three in
creasingly stressful conditions.

The first was a relaxed

condition where subjects were allowed to have as much
time as they needed to complete the sixty-item test.

The

second condition was a time-press plus placebo condition
where subjects were given placebos which they were told
might or might not contain 200 milligrams of caffeine,
then, after a 30 minute absorption period, were allowed
ten minutes to complete another sixty-item test.

The

third condition was a time-press plus caffeine condition
where subjects were administered 200 milligrams of caf
feine and, after an absorption period, were given ten
minutes to complete another sixty-item test.

Subjects

were categorized as introverts or extraverts based upon
their score on the Eysenck Personality Inventory.

Results

of this study indicated that the performance of extraverts
improved over increasing levels of arousal while the per
formance of introverts declined.

Caffeine seemed to aid

the performance of extraverts and to hinder the perfor
mance of introverts.
A subsequent replication of this experiment (Gilli
land 1980) utilized a more precise method of manipulating
arousal level.

First, all subjects completed the verbal

test under a 10 minute time-press condition.

Second,

doses of caffeine were administered according to body
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weight, with each subject receiving either a placebo, 2
milligrams of caffeine per kilogram of body weight, or 4
milligrams of caffeine per kilogram of body weight.

Caf

feine was found to improve the performance of introverts
at the 2 milligram per kilogram level, then cause a per
formance decrement at the 4 milligram per kilogram level.
The performance of extraverts improved across increasing
dose levels.
A further investigation by Revelle, Humphreys, Simon
and Gilliland (1980) has led to several important modifica
tions of the basic hypothesis that increased arousal im
pairs the performance of introverts and aids the perfor
mance of extraverts.

In this series of five experiments,

data analysis was done using the impulsivity and sociabil
ity subscales as well as the larger introversion/extraversion dimension of the Eysenck Personality Inventory.
It was found that the impulsivity subscale was a better
predictor of performance than the introversion/extraversion measure.

Reanalysis of data from Revelle, Amaral

and Turiff (1976) and from Gilliland (1980) supported this
finding.
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.
In this series of experiments, two day crossover designs
were used.

Specifically, subjects were tested in both
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the morning and the evening and received either caffeine
or a placebo.

Analysis of results revealed that time of

day was interacting with personality and the drug to af
fect performance.

It was found that, in the morning,

low impulsives performed worse with caffeine than without,
while high impulsives performed better with caffeine than
without.

In the evening, the opposite pattern of results

was observed.

That is, low impulsives performed better

with caffeine than without and high impulsives performed
worse with caffeine than without.
Revelle et al. (1980) interpreted these results as
follows.

Low impulsives attain their optimal level of

arousal early in the day (morning).

This level declines

throughout the day resulting in a less than optimal level
of arousal in the evening.

Administration of caffeine to

low impulsives during this time leads to a level of arousal
which is higher than optimal and results in poorer perfor
mance.

However, caffeine administered in the evening leads

to an increase in arousal which brings low impulsives
nearer to their optimal level.

This results in the im

proved performance of low impulsives receiving caffeine
in the evening.

For high impulsives, the time of day has

the opposite effect.

The level of arousal of high im

pulsives is lower than optimal in the morning and gradu
ally increases throughout the day with an optimal level
of arousal being reached in the evening.

Receiving
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caffeine in the morning increases the arousal of extraverts to the optimal level, thus leading to improved per
formance.

However, in the evening, when high impulsives

have already attained their optimal level of arousal,
administration of caffeine leads to overarousal which re
sults in a decrement in performance.
Based upon these findings, a revision of Eysenck's
theory was suggested.

Rather than an overall difference

between introverts and extraverts in level of arousal,
the revised theory proposed that introverts and extra
verts may have the same overall level of arousal, but that
there are stable differences in the phases of diurnal
rhythm of introverts and extraverts which affect the re
lationship between personality and performance.
In summary, an interaction between caffeine and time
of day was found.

For high impulsives, caffeine was found

to aid performance in the morning but to hinder it in the
evening.

For low impulsives, caffeine hindered morning

performance but facilitated evening performance.

Al

though it was not possible to explain the performance
increments and decrements of subjects, it was concluded
that, very probably, "some fundamental change in the
efficiency with which information is processed is respon
sible for these performance changes" (Revelle, Humphreys,
Simon, & Gilliland 1930, p. 1).
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Based partially on the aforementioned research,
Humphreys and Revelle (1984) have developed a conceptual
model to account for the effects of personality, situa
tional moderators, and motivational states upon informa
tion processing and cognitive performance.

According to

this model, the personality trait of impulsivity inter
acts with time of day and level of arousal, such that low
impulsives experience peak levels of arousal early in the
day and high impulsives experience peak levels of arousal
later in the evening.

Furthermore, this level of arousal

can be manipulated by stimulant drugs such as caffeine.
The model also states that information processing involves
two components, sustained information transfer and short
term memory.

It assumes that information processing

capacity is limited and that resources will be allocated
according to the demands of the task and the availability
of the resource.

Humphreys and Revelle (1984) have postu

lated that arousal and short-term memory are negatively
associated such that a high level of arousal leads to a
decrement in performance on tasks that place heavy de
mands on short-term memory such as memory for prose or
recall of words.

At the same time, arousal and sustained

information transfer are positively associated such that
a high level of arousal leads to improved performance
on tasks requiring vigilance such as reaction time, let
ter search and simple arithmetic.

According to this
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theory, then, high levels of arousal will be associated
with a performance decrement on tasks which rely heavily
on the short-term memory component of information pro
cessing .
Support for the Humphreys and Revelle (1984) model
is found in the research of Bowyer, Humphreys and Revelle
(1983) who investigated the effect of arousal on recog
nition memory.

In this study, subjects were administered

either 4 milligrams of caffeine per kilogram 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 given a forced choice recognition test on the
last 20 words of each list.

The performance of the least

aroused subjects (high impulsives receiving the placebo
dose) declined progressively from the first to fourth
list.

The performance of the highly aroused subjects

(low impulsives receiving the 4 milligrams per kilogram
dose) showed a much smaller 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 which requires more focus
ing of attention and less manipulation of data.

The

Humphreys and Revelle model predicts that heightened
arousal will be accompanied by improved performance on
a sustained information transfer task such as this.
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Thus, Bowyer et al. (1983) interpreted these results to
support the model of Humphreys and Revelle (1984).
Anderson and Revelle (1983) used a visual search
task which contained both sustained information transfer
and short-term memory elements to study the effects of
arousal on performance.

The task required subjects to

pick out target letters from strings of 20 letters.

The

smaller target (2 letters) formed a small short-term
memory load.

The larger target (6 letters) formed a

large short-term memory load.

Subjects were administered

either a placebo or 4 milligrams of caffeine per kilo
gram of body weight.

After a 30 minute absorption period,

they searched strings of letters for the targets.

Re

sults indicated that performance on the 6 letter target
size (greater short-term memory load) was worse for sub
jects who had received caffeine than for those who had
received a placebo.

These results provide further support

for the Humphreys and Revelle model which states that
high levels of arousal will impair performance on tasks
which have a high short-term memory load.
Another study suggesting that caffeine impairs per
formance on tasks with a large short-term memory component
is that of Erikson et al. (1985).

This experiment used

47 males and 60 females classified as either high or low
impulsives on the basis of their scores on the Eysenck
Personality Inventory.

Subjects were administered
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orally 2 milligrams of caffeine per kilogram of body
weight, 4 milligrams per kilogram, or a placebo.

After a

30 minute absorption period, subjects were presented with
nine lists of twelve 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 three seconds) .

Immediately

after hearing each list, subjects orally recalled the
words they remembered.

Results showed that caffeine af

fected the performance of females such that females who
received caffeine showed impaired recall for words at the
slow rate of presentation.

Caffeine had no influence on

the recall performance of males.

It was suggested that

"caffeine may be affecting the efficiency with which the
information was encoded or manipulated in working memory"
(Erikson et al. 1985, p. 10).
Information processing theorists have used the seri
al position effect to illustrate the dissociation between
long-term memory and short-term memory.

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.
as the primacy effect.

This phenomenon is known

The better recall of items from
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the end portion of the list is attributed to these items
still being in short-term memory.

This is called the re

cency 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 (the amount of time between last rehearsal and
recall).

They showed that increased rehearsal time was

responsible for improved recall in the primacy and middle
portions of lists presented at slow rates.

Improved re

call of terminal items was due to the fact that the items
were rehearsed later, i.e., the item retention interval
was smaller.
Craik (1970) provided further evidence for the
presence of two memory stores by employing a final free
recall task.

Subjects were presented with ten lists of

fifteen words each and immediately following each list
were asked for their recall of words from the list.

Af

ter 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
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items from the primacy portion of the list, presumably be
cause 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 of 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 compre
hension.

They view the speed and automation of decoding,

access to long-term memory, and the efficiency of proces
sing strategies as three potential causes of the bottle
neck in comprehension in reading.

According to the bottle

neck hypothesis, increasing the speed with which incoming
stimuli are decoded will lead to improved performance
because it will result in an increased amount of time
for manipulation of information in working memory.
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.

While the impairment of short-term
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memory recall for highly aroused subjects is congruent
with the Humphreys and Revelle (1984) model, several as
pects of the Erikson study remain to be clarified.

For

example, the sex differences found in the Erikson et al.
study add a complexity to the caffeine literature not ad
dressed by Humphreys and Revelle (1984), nor ever reported
in previous work.

This finding is complicated by the

fact that there were sex differences in the overall caf
feine consumption patterns for the subjects in this study
such that females reported higher habitual consumption
levels than males.

Another unexplained result was the

occurrence of caffeine effects only at the slow rate of
presentation.
The purpose of this study was to replicate and ex
tend the portion of the Erikson et al. (1985) experiment
dealing with the effect of caffeine on males.

Since one

explanation for the sex difference found was that there
may have been an insufficient number of male subjects to
detect an effect of caffeine, this study used a larger
sample of males (N = 74).

In addition, this study manipu

lated the rate of presentation more extensively than the
Erikson et al. (1985) study.

Specifically, word lists

were presented at one of four presentation rates.

Since

caffeine influenced recall at only one of the presenta
tion rates in Erikson et al. (1985), a more extensive
manipulation of presentation rate in this study allowed
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a clearer examination of the interactive effects of caf
feine and short-term memory demands on recall performance.
Finally, this study included a final free recall of items
after the entire set of lists had been presented.

This

final free recall provided information about the ef
ficiency with which information was being transferred into
long-term memory and permitted an examination of the ef
fects of caffeine on this process.

It was hypothesized

that final free recall would be poorest for items pre
sented at the fastest rate because of the shorter time
between presentation and immediate recall.

It was further

hypothesized that, if caffeine impaired short-term
memory, this would produce, in turn, a decrement on final
free recall performance.

METHOD
Subjects
Seventy-four male students enrolled in undergraduate
level psychology courses at the University of North
Dakota served as subjects in this experiment.

Subjects

received extra class credit for their participation.

Sub

jects were recruited by telephone from a subject pool
formed at the beginning of each semester.

In a pre-

experimental screening session, subjects completed the
Eysenck Personality Inventory (EPI).

Subjects scoring 6

or lower on the lie scale (range 0-9) qualified for par
ticipation in the study.
Potential subjects were contacted by telephone prior
to the experiment and screened for a variety of medical
conditions which might preclude their participation.
These conditions included a personal past history of
cardiovascular problems, epilepsy, hypertension, migraine
headaches, ulcers, diabetes, kidney disorders, seizures
or blackouts.

In addition, it was determined that sub

jects had previously consumed caffeine at least once in
the form of coffee, tea or pop, and that they were not
allergic to caffeine, sugar or orange juice, substances
which they would consume in the experiment.
18

Finally,
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subjects who reported that they took any medication on a
regular basis were eliminated.
Subjects who met the medical criteria for participa
tion were asked to meet the following four conditions.
They were asked to abstain from alcohol for forty-eight
hours prior to their experimental session, and they were
asked to refrain from taking any medication for twentyfour hours prior to their participation.

The purpose of

these requirements was to ensure that there were no other
substances in their systems which might interact with
caffeine.

They 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 get a minimum of five hours of sleep the
night before the experiment to ensure that fatigue would
not be a determining factor in their performance.
Subjects were assigned to one of three dose levels:
4 milligrams of caffeine per kilogram of body weight, 2
milligrams of caffeine per kilogram of body weight, or 0
milligrams of caffeine per kilograms of body weight
(placebo).

Each dose was divided as equally as possible

between high and low impulsives, resulting in six groups,
with persons scoring below 5 on the impulsivity sub
scale of the EPI being classified as low impulsives and
those scoring 5 or higher being classified as high im
pulsives (range = 0-9) .
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The demographic characteristics of those subjects
who met the above requirements and participated in the
experiment.are outlined in Table 1.
Materials
Thirteen word lists comprised of twelve nouns each
were utilized as stimulus material.

Words for the lists

were selected from the Kuchera and Francis Word Frequency
Norms (1967) such that each list had a mean syllable range
from 1.41 to 1.67 syllables.

The mean word frequency for

each list ranged from 138.58 to 143.67.

These means were

comparable to those of the word lists used in the Erikson
et a l. (1985) study.

Word lists were recorded on cassette

tapes at four rates of presentation, two words per second
(fastest), one word per second (fast), one word every
three seconds (slow), and one word every five seconds
(slowest).

Stimulus materials were presented to subjects

on a Toshiba dual speaker cassette recorder/player with
the volume set at 3.5.
Procedure
To control for diurnal variations in arousal
(Revelle et al. 1980), all experimental sessions were held
between 8:00 a.m. and 12:00 a.m.
vidually.

Subjects were run indi

Upon arrival, subjects were given a consent

form to sign which informed them of the experimental pro
cedure and notified them of their rights.

Each subject's

Table 1

Demographic Characteristics of Subjects

Level of Impulsivity
Dose of Caffeine

High
0 mg/kg

2 mg/kg

Low
4 mg/kg

0 mg/kg

2 mg/kg

4 mg/kg

Number of Subjects

14

12

13

11

12

12

Age

19.9

22.6

21.8

21.6

21.6

21.2

Weight

178.0

170.2

177.83

162.6

167.9

174.7

Blood Pressure

114.2/
71.8

119.5/
71.2

117.5/
67.9

117.9/
73.5

116 .1/
72.0

121.4/
70 .2

Impulsivity

5.93

6.16

6.23

3.18

3.25

3.25

Absolute Amount of
Caffeine Given (mg)

0

7.57

15.75

0

7.45

15.51

50.54

45 .08

47.50

9.85

11.18

10.08

11.00

107.69

235.64

88 .33

79.83

WAIS-R Raw
WAIS-R Scaled
Caffeine Consumption
Questionnaire I

42.38
9.92
205.93

43.67
10.0
196.25

43.0

Table 1— continued

High

Level of Impulsivity

Low

Dose of Caffeine

0 mg/kg

2 mg/kg

4 mg/kg

Caffeine Consumption
Questionnaire II

221.71

91.67

72.15

17.5

17.2

20.2

Thayer ActivationDeactivation
Checklist

0 mg/kg

2 mg/kg

4 mg/kg

236.36

74.83

84.75

17.2

15.6

17.7
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weight and blood pressure was taken and recorded.

Any sub

ject with blood pressure higher than 140/90 was dismissed
from the study.
Each subject was administered the WAIS-R vocabulary
subtest in written form and allowed as much time as neces
sary to complete it.

In addition, subjects were given a

series of self-report questionnaires including two caf
feine consumption questionnaires.

The caffeine consump

tion questionnaires assessed the amount of caffeine in
gested from various sources such as coffee, tea, cola
beverages, and over the counter pain relievers.

Caffeine

Consumption Questionnaire I (see Appendix A), designed to
measure a subject's typical level of caffeine consumption,
was used to estimate the individual's "trait" level of
caffeine consumption.

Caffeine Consumption Questionnaire

II (see Appendix B), which assesses the amount of caf
feine consumed by the subject during the three days prior
to the experimental session, was used to provide an esti
mate of the subject's "state" or current level of consump
tion .
Subjects were administered either a 0, 2, or 4 milli
grams per kilogram of body weight dose of caffeine dis
solved in six ounces of Tang.

Following this, there was

a 30 minute absorption period to allow caffeine to reach
peak blood plasma level (cf. Erikson et al. 1985).
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Twenty-five minutes after administration of the
drug, the Activation-Deactivation Checklist (AD-ACL;
Thayer 1967; see Appendix C) was administered to each sub
ject to measure self-reported level of arousal.
Following the absorption period, each subject was
run in the 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

were presented with thirteen lists of twelve words each.
Subjects listened to each list and then immediately wrote
down their recall of that list.
practice list.
lists.

The first list was a

The following twelve lists were test

Two short breaks were given, after the fifth and

ninth lists.
Each subject heard three lists at each of four rates
of presentation.

The twelve experimental lists were pre

sented 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 suc
cessive four lists, each presentation rate was used once.
Rates were counterbalanced among subjects so that one
quarter of the subjects' sequences of lists began at two
words per second (fastest rate), one fourth at one word
per second (fast rate), one fourth at one word every
three seconds (slow rate), and one fourth at one word
every five seconds (slowest rate). After all of the word
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lists were presented and the recall, written, subjects were
asked to write a final free recall of words from all of
the lists.

They were encouraged to take as much time as

they needed to thoroughly search their memory.
Design
This study employed two between subject factors and
three within subject factors.

The between subject factors

included the subject's level of impulsivity (either high
or low), and the dose level of caffeine (0, 2, or 4 mg/kg).
One within subject ractor was the rate of presentation;
slowest (one word every five seconds), slow (one word
every three seconds), fast (one word every second), and
fastest (two words every second).

The second within sub

ject factor was serial position (primacy, middle, and
recency).

The third within subject factor was practice.

Each of the four rates was presented three times yielding
three levels of practice.

RESULTS
Recall
Subjects' written recall was scored by determining
the proportion of words recalled from the primacy (first
four words), middle (second four words), and recency
(last four words) portion of each word list.

A 3 (Caf

feine) x 2 (Impulsivity) x 4 (Rate) x 3 (Serial Position) x
3 (Practice) 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 used for all post hoc tests.
A significant main effect of rate was found, F(3,
204) = 110.22.

Mean recall proportions of .627, .565,

.470 and .456 were observed for the slowest (one word
every five seconds), slow (one word every three seconds),
fast (one word per second), and fastest (two words per
second) rates, respectively.

Recall at the slowest rate

did not differ significantly from recall at the slow rate,
nor did recall differ between the fast and fastest rates.
However, recall for the two slower rates was signifi
cantly greater than recall for the two faster rates.
A significant dose x rate interaction was also
noted, F (6, 204) = 2.918 (see Table 2).
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No significant
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Table 2
Mean Proportion of Words Recalled as a Function of Dose
and Rate

Dose

0 mg/kg

2 mg/kg

4 mg/kg

Slowest

.648

.610

.624

Slow

.612

.516

.566

Fast

.470

.440

.500

452

443

472

Rate

Fastest
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effects of dose were found under the slowest or fastest
rates of presentation.

Under the slow rate of presenta

tion, significantly greater recall was observed at the
0 mg/kg dose than the 4 mg/kg dose or the 2 mg/kg dose and
the 4 mg/kg dose produced higher recall than the 2 mg/kg
dose.

Under the fast rate of presentation, no significant

difference in recall was observed between the 0 mg/kg and
2 mg/kg dose; however, the 4 mg/kg dose produced recall
which was significantly higher than either the 0 mg/kg or
the 2 mg/kg dose.

An examination of the pattern of means

reveals that under the placebo, recall at the slow rate
was 30.2% better than at the fast rate while under the
2 mg/kg dose, the increment in performance was 17.3% and
under the 4 mg/kg dose, the increment was 13.2%.

Thus,

subjects receiving caffeine failed to benefit from the
slow rate of presentation.
A significant main effect of serial position was
observed, F(2, 136) = 2.478, with mean recall proportions
of .510, .350 and .728 for the primacy, middle, and recent
portions, respectively, of the word lists.

Recall was

greatest for the recency portion which was significantly
greater than for the primacy portion.

Recall was poorest

for words from the middle of the word list.
A significant practice x serial position interac
tion was found, F(4, 272) = 2.478 (see Table 3).

This

interaction resulted from the fact that recall increased
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Table 3
Mean Proportion of Words Recalled as a Function of Practice and Serial Position

Serial Position

Primacy

Middle

Recency

One

.513

.317

.730

Two

.524

.352

.715

493

380

740

Level of Practice

Three
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as a function of practice for words from the middle posi
tion of the lists, with no practice effects observed from
the primacy or recency portions.
A significant interaction of rate x serial position
was found, F(6, 408) = 34.94 (see Table 4).

For the pri

macy portion of word lists, recall decreased as the rate
of presentation increased, with significant differences
in recall among all four rates.

In the middle position,

recall again decreased as the rate of presentation in
creased with significant differences among the three slower
rates; however the difference in recall between the fast
and fastest rate was not significantly different.

In the

recency position of the word lists, rate had no signifi
cant effect upon the recall of words.
A significant impulsivity x rate x serial position
interaction was observed, F (6, 408) = 2.557 (see Table 5).
An examination of the means shows that for both high and
low impulsives, in both the primacy and middle positions,
the recall of words decreased as the rate of presenta
tion increased.

Recall at the fastest rate was signifi

cantly less than recall at the slowest and slow rates.
In addition, recall at the fast rate was significantly
poorer than recall at the slowest rate.

However, for

high impulsives, a reversal of this pattern occurred in
the recency portion of the word lists, such that their
recall improved as rate increased, with significant
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Table 4
Mean Proportion of Words Recalled as a Function of Rate
and Serial Position

Serial Position

Primacy

Middle

Recency

Slowest

.708

.477

.697

Slow

.578

.395

.720

Fast

.401

.268

.741

354

258

755

Rate

Fastest

Table 5

Mean Proportion of Words Recalled as a Function of Impulsivity, Serial Position, and
Rate of Presentation

High

Level of Impulsivity

Low

Primacy

Middle

Recency

Primacy

Middle

Recency

Slowest

.710

.503

.654

.705

.452

.741

Slow

.570

.399

.705

.587

.391

.735

Fast

.395

.257

.751

.408

.279

.731

Fastest

.340

.257

.793

.368

.260

.717

Serial Position
Rate of Presentation
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improvements in recall between the slow, fast and fastest
rates.

For low impulsives, there were no significant

differences in their recall of the recency portion of the
word lists at any of the four rates of presentation.
Intrusions, i.e., words not presented, yet written
in the subject's recall, were tallied according to their
occurrence at a particular rate of presentation.

A

2 (Impulsivity) x 3 (Dose) x 4 (Rate) ANOVA was computed
with the number of intrusions occurring at each rate as
the dependent variable.

A significant dose x rate inter

action was observed, F(6, 204) = 2.607.

As seen in

Table 6, a significantly greater number of intrusions
occurred under the 2 mg/kg dose at the fast rate than
under any other condition.

The fast rate was the only

rate to produce a significantly different number of in
trusions and this occurred only under the 2 mg/kg dose,
while the number of intrusions under the 0 mg/kg and
4 mg/kg dose was

not significantly different.

No other

rates yielded a significantly different number of intru
sions .
Organizational Output
The Relative Index of Priority (RIP) procedure, de
veloped by Flores and Brown (1974), was used to provide
an indication of the strategy employed by subjects in
their recall of the word lists.

The RIP scoring proce

dure involves assigning a score to each word recalled on
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Table 6
Mean Number of Intrusions in Word List Recall as a Function of Dose and Rate

Dose

0 mg/kg

2 mg/kg

4 mg/kg

1.471

1.208

1.099

Slow

.851

1.208

.920

Fast

.847

2.000

.785

1.052

1.167

1.324

Rate
Slowest

Fastest
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the basis of its order in the output of words recalled.
All words output in a list receive a score between -1.000
and +1.000, with words output first receiving a positive
score and words output last receiving a negative score.
These scores are summed for each serial position and
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 number of words recalled.

In general, the most ef

ficient strategy for recalling word lists would be to out
put words from the recency portion 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 pri
macy position, a low negative RIP score for the middle
position, and a positive RIP score for the recency posi
tion .
A relative index of priority (RIP) score was cal
culated for each serial position (primacy, middle and
recency) of every word list.

A 3 (Dose) x 2 (Impulsivity)

x 4 (Rate) x 3 (Position) x 3 (Practice) ANOVA was performed
with the RIP scores as the dependent variable.
A significant main effect of serial position was
found, F (2, 132) = 9.017, with mean RIP score values of
-.066, -.167 and +.062 for the primacy, middle and
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recency positions, respectively, with the recency score
being significantly different from the primacy and middle
scores and no significant difference between the primacy
and middle scores.

This pattern of scores indicates

that subjects output words from the recency position of
the word lists first, followed by words from the primacy
and middle positions.
There was also a significant dose x serial position
interaction, F(4, 132) = 2.743 (see Table 7).

Under the

0 mg/kg dose, RIP scores for the recency position were
significantly higher than those for the primacy and
middle positions of the word lists indicating that sub
jects were outputting words from short-term memory first.
In addition, the difference between the primacy and middle
RIP scores was not significant, indicating that the output
order for words from the primacy and middle positions were
not significantly different.

Under the 2 mg/kg dose,

there were no significant differences among RIP scores
for any serial position.

This indicates that subjects

were using no particular strategy to any significant de
gree, that is, they did not output words in any particu
lar order.

Under the 4 mg/kg dose, the RIP scores for

the primacy and recency positions were not significantly
different from each other, yet both primacy and recency
RIP scores were significantly higher than RIP scores from
the middle position.

This indicates that under the
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Table 7
Mean Organizational Output as a Function of Dose and
Serial Position

Serial Position

Dose

Primacy

Middle

Recency

0 mg/kg

-.201

-.124

+ .130

2 mg/kg

-.010

-.116

+ .020

4 mg/kg

+ .014

-.262

+ .055
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4 mg/kg dose, subjects output words from the primacy and
recency positions before they output words from the middle
position.

Thus, it appears that subjects utilized the

efficient strategy of recalling words from the recency
portion first only under the 0 mg/kg dose.
Finally, a significant rate x serial position inter
action was noted, F(6, 396) = 3.380 (see Table 8).

The

optimal output strategy was utilized at the three fastest
rates with significant differences between the RIP scores
in all positions except between the primacy and middle
positions at the fastest rate.

At the slowest rate, re

call from the primacy position was output first, fol
lowed by the recency position and finally by the middle
position.
Final Free Recall
The purpose of the final free recall task was to pro
vide an indication of the effectiveness of subjects' re
hearsal by determining the proportion of words from each
serial position at each rate that had moved into long
term memory.
The proportion of words recalled from each subject's
final free recall was computed as a function of serial
position and rate.

A 2(Impulsivity) x 3 (Dose) x 4 (Rate) x

3 (Serial Position) ANOVA with the proportion of words re
called as the dependent variable was computed.
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Table 8
Mean Organizational Output as a Function of Rate and
Serial Position

Serial Position

Rate of Presentation

Primacy

Middle

Recency

Slowest

+ .069

-.211

+ .021

Slow

-.083

-.17

+ .099

Fast

-.106

-.162

+ .059

Fastest

-.142

-.126

+ .069
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A significant main effect of rate was observed,
F(3, 204) = 61.423, with means of .226, .180, .088, and
.076 for the slowest, slow, fast, and fastest rates,
respectively.

Subjects recalled words from the slowest

rate more than words from the slow rate.

In turn, these

words were recalled more often than words from the fast
rate.

The difference in recall between the fast and

fastest rates was not significant.
In addition, a main effect of serial position was
found to be significant, F(2, 136) = 22.651, with means of
.176, .129, and .122 for the primacy, middle, and recency
positions, respectively.

As expected, subjects recalled

significantly more words from the primacy position of the
lists than from the middle or recency positions.

The pro

portion of words recalled from the middle position was not
significantly different from the recency position.
There was a significant rate x serial position inter
action, F(6, 408) = 10.582 (see Table 9).

At the slowest

rate, words from the primacy position were recalled more
than words from the middle position which, in turn, were
recalled more than words from the recency position.

Dif

ferences between all serial positions were significant.
At the slow rate, words from the primacy position were re
called more than words from either the middle or recency
position; however recall at the middle position was not
significantly different from recall at the recency
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Table 9
Proportion of Words Recalled in Final Free Recall as a
Function of Rate and Serial Position

Serial Position

Primacy

Middle

Recency

Slowest

.297

.225

.156

Slow

.228

.165

.146

Fast

.105

.072

.088

075

054

098

Rate

Fastest
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position.

At the fast rate, no significant differences in

recall as a function of serial position were found.

At

the fastest rate, recall for words in the recency position
was significantly higher than recall at the primacy or
middle position; however differences in recall for words
at the primacy and middle positions were not significant.
The number of intrusions in the final free recall
was tallied.

A 2(Impulsivity) x 3 (Dose) ANOVA was computed

with the number of intrusions as the dependent measure.
No significant difference among groups was observed, indi
cating that subjects at all dose levels and both levels
of impulsivity had included the same number of extraneous
words in their final free recall.

The mean number of in

trusions was 3.696 words.
Individual Differences
In order to determine if the effects noted in the
experiment may have been a 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 where

data were missing, the ANOVA was computed based upon the
number of observations available.

The means are displayed

in Table 1.
A 2 (Impulsivity) x 3 (Dose) ANOVA was computed with
subjects' age, habitual level of caffeine consumption
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(from Caffeine Consumption Questionnaire I), and scores
from the Thayer Activation-Deactivation Checklist serving
as dependent variables.

No significant differences were

observed on any of these analyses.
A 2(Impulsivity) x 3 (Dose) ANOVA was computed with
the systolic, diastolic, and ratio of systolic to diastolic
blood pressure serving as the dependent measures (N = 60).
Again, no significant differences were found.
A 2 (Impulsivity) x 3 (Dose) ANOVA was computed with
subjects' WAIS-R raw scores as the dependent variable
(N = 73).

A significant main effect of impulsivity was

observed, F(l, 67) = 6.9888.

Low impulsives had a mean

raw score of 47.710, while high impulsives had a signifi
cantly lower mean raw score of 43.017.
Another 2 (Impulsivity) x 3 (Dose) ANOVA was computed
with subjects' WAIS-R scaled scores as the dependent vari
able (N = 73).

A marginal main effect of impulsivity was

observed, p = .066.

High and low impulsives had mean

scaled scores of 9.983 and 10.755, respectively.
Subjects filled out Caffeine Questionnaire II which
provided a measure of their "state" level of caffeine con
sumption, i.e., the mean daily amount of caffeine they
had consumed during the past three days.

In addition,

the questionnaire asked how long it had been since sub
jects had last consumed caffeine and how much had been
consumed at that time.

These three items, the state level
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of caffeine consumption, the number of hours since caf
feine had last been consumed, and the amount consumed at
that time, were analyzed for differences among groups.
A 2 (Impulsivity) x 3 (Dose) ANOVA was computed with
subjects' state level of caffeine consumption as the de
pendent variable.

A significant main effect of dose was

observed, F(2, 68) = 3.804, with mean consumption scores
of 229.04, 83.25, and 78.45 for the 0 mg/kg, 2 mg/kg, and
4 mg/kg doses respectively, indicating that subjects in
the placebo group reported that they had consumed signifi
cantly more caffeine during the past three days than sub
jects in the 2 mg/kg or 4 mg/kg group.

A frequency count

of the state level of caffeine consumption reported on
Caffeine Consumption Questionnaire II for all subjects is
shown in Table 10.

An examination of this table reveals

that the significant effect of dose may be chiefly due
to the presence of four subjects whose reported consump
tion exceeded 400 mg daily average during the past three
days.

These subjects happened to be assigned to the 0

mg/kg dose level of this experiment.

There are no sub

jects with state levels of consumption exceeding 500 mg
in any other dose levels.

The ANOVA was computed again

with these four outlying scores eliminated and revealed
no significant differences among the remaining subjects.
A 2 (Impulsivity) x 3 (Dose) ANOVA was computed with
the number of hours since caffeine had last been consumed

Table 10

Frequency Count of Subjects' State Level of Consumption from Caffeine Consumption
Questionnaire II as a Function of Impulsivity and Dose

High

Level of Impulsivity

Low

0 mg/kg

2 mg/kg

4 mg/kg

0 mg/kg

2 mg/kg

4 mg/kg

10

9

11

6

11

9

101-200

1

1

1

1

201-300

1

2

Dose
Amount in
Milligrams
0-100

1

301-400

1

401-500
501-700

2

1

701-1000
1001-1500

1

1

2
1

1
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as the dependent measure.

No significant differences were

found.
A 2 (Impulsivity) x 3 (Dose) ANOVA with the amount of
caffeine consumed most recently as the dependent measure
(N = 66).

A significant impulsivity x dose interaction

was observed, F(2, 60) = 6.216 (see Table 11).

Low im

pulsive subjects in the placebo group reported consuming
significantly more caffeine most recently than had sub
jects at the 2 mg/kg and 4 mg/kg dose levels.

There were

no significant differences in reported caffeine consump
tion among dose levels for high impuslves.
seen in Table 12,

As can be

the effect appears to be due to the

presence of one subject whose consumption is far higher
than the rest of the sample.

The ANOVA was computed again

with the single high consumer eliminated from the sample
and no significant differences among the groups were ob
served .
Since the individual difference ANOVAs revealed
significant differences in WAIS-R raw scores and effects
approaching significance on the WAIS-R scaled scores, two
separate analyses of covariance were performed, one with
the WAIS-R raw scores, and one with the WAIS-R scaled
scores as covariates.

The pattern of effects remained

unchanged; therefore, it may be concluded that caffeine
effects can not be accounted for by differences in sub
jects' verbal ability.
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Table 11
Mean Amount in Kilograms of Caffeine Consumed Most Re
cently as a Function of Dose and Impulsivity

Dose

Impulsivity

High
Low

0 mg/kg

2 mg/kg

4 mg/kg

34.00

63.82

51.33

112.36

41.27

45.33

Table 12

Frequency Count of Amount of Caffeine Consumed Most Recently as a Function of Dose
and Impulsivity

High

Level of Impulsivity
Dose

Low

0 mg/kg

2 mg/kg

4 mg/kg

0 mg/kg

2 mg/kg

4 mg/kg

12

9

12

6

11

9

Amount in
Milligrams
0-100
101-200

2

4

200-300
301-400
> 400

1
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In addition, the individual difference ANOVAs re
vealed significant differences among groups based upon sub
jects' state level of caffeine consumption, and the amount
of caffeine most recently consumed.

Therefore, three

separate analyses of covariance were performed using the
following three covariates:

Caffeine Consumption Question

naire I scores (trait level), Caffeine Consumption Ques
tionnaire II scores (state level), and the amount most
recently consumed.

The pattern of effects remained the

same in all three analyses.

Thus, it can be concluded that

neither differences in state or trait levels of consump
tion, nor differences in the amount of caffeine most re
cently consumed are responsible for our effects of caf
feine on recall.

DISCUSSION

The primary finding of this experiement was that
caffeine affected the performance of males on a free re
call task differentially according to rate.

At the slow

(one word every three seconds) rate of presentation, the
greatest impairment in recall occurred under the 2 mg/kg
dose followed by a lesser degree of impairment under the
4 mg/kg dose.

At the fast (one word every second) rate

of presentation, the 4 mg/kg dose facilitated recall while
the 2 mg/kg dose had no significant effect on recall per
formance although recall was lower under the 2 mg/kg dose
than under the placebo.

At both the fast and slow rates,

the lowest level of recall was observed under the 2 mg/kg
dose.

Caffeine had no drfect on performance at either

the slowest (one word every five seconds) or fastest (two
words every second) rates.
The results of this experiment provide rather
meager support for the Humphreys and Revelle (1984) con
ceptual model accounting for the effects of personality,
situational moderators and motivational states upon in
formation processing and cognitive performance.

Concern

ing the effect of caffeine, the model predicts that
caffeine and personality would interact to affect
50

51

performance.

The present study produced no interaction

between the two variables.

Furthermore, the theory pre

dicts that caffeine, a stimulant drug, would produce a
higher level of arousal and result in impaired performance
on tasks requiring a great amount of processing capacity
and divided attention, such as this task would require.
In the present study, caffeine impaired recall, but only
at the slow rate of presentation.

Furthermore, caffeine

actually facilitated recall performance under the 4 mg/kg
dose at the fast rate of presentation.
The presence of an impulsivity x rate x serial
position interaction provides some support for the
Humphreys and Revelle (1984) model.

In general, the pat

tern of recall for all rates (see Table 5) followed the
expected pattern of recall, with recall declining as rate
increased.

This occurred in all serial positions for both

high and low impulsive subjects with the exception of the
recency position for high impulsives.

Here the pattern

was exactly opposite; recall was greatest at the fastest
rate and declined as the rate became progressively slower.
According to information processing theory and the serial
position effect, the recall of words from the recency
position of a word list is attributed to those items
still being present in short-term memory.

As will be re

called from the Humphreys and Revelle theory, high
impulsives have a low level of cortical arousal during

52

the morning hours.

The theory predicts that the low level

of arousal will facilitate performance on short-term
memory tasks.

This appears to be the case with the in

crease in recency recall for the high impulsives in the
present study.

High impulsives' low level of cortical

arousal enabled them to take advantage of the greater num
ber of words available in their short-term memory as rates
of presentation increased.

On the other hand, low impul

sives already operating at a high level of arousal demon
strated the expected decline in performance as the rate
increased and the short-term memory load became greater.
Thus this theoretically based task provides some support
for the Humphreys and Revelle theory.

However, some in

teraction of caffeine and impulsivity would be predicted
by their model, and that interaction was not demonstrated.
Erikson et al. (1985) demonstrated that caffeine at
the 2 mg/kg dose level impaired recall for females at the
slow (one word every three seconds) rate of presentation,
but did not impair recall for males.

Thus, this study

fails to support the finding reported by Erikson et al.
(1985) of no caffeine effects for males.

The most obvi

ous explanation for this discrepancy is the fact that
the Erikson et al. study utilized an insufficient number
of male subjects (N = 47) to detect an effect of caffeine.
The present study, by utilizing a greater number of sub
jects (N = 74) than Erikson et al. (1985), had enough
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power to detect the subtle effects of caffeine on recall
performance.
The effects of caffeine in this experiment occurred
under the same rates of presentation employed by Erikson
et al. (1985).
made.

Therefore some direct comparisons may be

An examination of the pattern of means for the

dose x rate interaction in the present study reveals a
30.2%, 17.3% and 13.2% difference in males' recall between
the fast and slow rates for the 0 mg/kg, 2 mg/kg and 4 mg/
kg dose levels, respectively.

In the Erikson et al.

study, the increments in females' recall between the fast
and slow rates were 33%, 19% and 22% under the 0 mg/kg,
2 mg/kg and 4 mg/kg dose levels, respectively.

The

present study shows a smaller performance increment at
the slow rate under the 4 mg/kg dose than did the Erikson
et al. (1985) study; otherwise the pattern of differences
is similar.

Thus the present study demonstrates an ef

fect of caffeine under the 4 mg/kg dose at the fast rate
of presentation which was not observed by Erikson et al.
If the number of intrusions, i.e., the "recall" of
words not presented, can be viewed as an indicator of
distractibility, then the interaction of dose and rate on
the number of intrusions provides some support for the
hypothesis that caffeine impairs the efficiency with
which material is manipulated in short-term memory.

How

ever, the strength of this interpretation is qualified
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by the absence of any effects at the slow rate.

Several

alternative explanations would account for the presence
of intrusions.

First, subjects may carry over words from

other word lists; second, words may be inaccurately en
coded or manipulated; or third, subjects may simply be
making up words in order to arrive at what they feel is a
suitable number of words, regardless of whether or not the
words were presented.

The greatest number of intrusions

occurred under the 2 mg/kg dose at the fast rate of pre
sentation.

This is the dose at which the greatest impair

ment of recall occurred.

Perhaps the inhibition of recall

is accompanied by an increase in inaccurate recall due to
any of the three explanations just offered.
Another interesting finding of this experiment is
the presence of a U-shaped curvilinear relationship between
dose and the proportion of words recalled (see Figure 1).
This relationship appeared at all four rates of presenta
tion such that recall was greater under the 0 mg/kg and
4 mg/kg doses than under the 2 mg/kg dose.

Although re

call was greatest under the 4 mg/kg dose at the two faster
rates, and greatest under the 0 mg/kg dose at the two
slower rates, recall was poorest at all rates under the
2 mg/kg dose level.

Even though differences were not sig

nificant at the fastest and slowest rates, the curvilinear
relationship is apparent.
relationship is unclear.

The reason for this curvilinear
It seems to suggest that the
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Figure 1. Illustration of the U-shaped
relationship between dose and proportion of
recall at four presentation rates.
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effect of caffeine varies according to dose such that a
small amount of caffeine hinders performance while a lar
ger amount has a facilitory effect or no effect.

The ad

dition of a fourth dose level of 6 mg/kg in future re
search might elucidate more clearly the relationship be
tween dose level and recall performance.
The presence of a dose x serial position interaction
in the organizational output of recall suggests that caf
feine influences the order in which words are remembered.
It appears that subjects in the placebo group utilized
an efficient recall strategy by outputting words in the
order of recency first, then primacy and middle.

Subjects

receiving caffeine, at both the 2 mg/kg and the 4 mg/kg
dose levels, did not utilize the optimal output strategy.
At the 2 mg/kg level, the differences in RIP scores
among the serial positions were not significant indicating
that subjects utilized no particular strategy in recall
ing words.

At the 4 mg/kg level, subjects demonstrated a

significant tendency to output words from the middle posi
tion last.

Thus, it appears that recall performance is

hindered by caffeine and this impairment results in the
utilization of a less efficient strategy for recall.
It was somewhat puzzling that caffeine affected
performance on an information processing task which in
volved decoding, accessing long-term memory, and re
hearsal, and yet had no effect on long-term memory
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performance in the final free recall task.

A carryover

deficit in the final free recall performance might have
been expected.

However, this was not observed.

As seen

in Table 13, the lack of a significant impact of dose
upon performance in the final free recall task may have
been due to the presence of floor effects, especially at
the two faster presentation rates.

In general, recall

was so low that there may not have been enough of a dif
ference among any of the rates or doses for a significant
effect to be observed.

The time lag between the onset

of list presentation and the final free recall may
account for this.

It is interesting to note that the

pattern of effects at the slow rate in the final free re
call are the same as the pattern of effects at the slow
rate in the original recall.

In both sets of data, the

lowest recall occurs under the 2 mg/kg dose, followed by
the 4 mg/kg dose with the highest recall occurring under
the placebo.
Having failed to replicate the finding of no effect
of caffeine for males in the Erikson et al. (1985) experi
ment, the next logical step would be to attempt a replica
tion of that study using females. A replication of those
results, accompanied by the results of this study, would
permit a more confident statement regarding the presence:
of alleged sex differences in the effect of caffeine on
short-term memory.

58

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

Rate

Slowest

Slow

Fast

Fastest

0 mg/kg

.209

.197

.091

.072

2 mg/kg

.237

.163

.095

.093

4 mg/kg

.232

.178

.079

.062

Dose

APPENDIX A
CAFFEINE CONSUMPTION QUESTIONNAIRE I

CAFFEINE CONSUMPTION QUESTIONNAIRE I
1.

Do you drink coffee regularly?

_____Yes

2.

If yes, how many cups per day?

(Circle one)

1 2 3 4 5 6 7 8 9 1 0
3.

_____No

or more

What time of day, primarily, do you drink coffee?
____ Morning

_____Noon to evening

_____After supper

_____Throughout the day

4.

Do you regularly drink soda pop?

5.

If so, what kind do you usually drink?_______________

6.

If you do regularly drink soda pop, about how many
ounces per day?
(one can = 12 oz.)
_____(0-4)

_____ (5-8)

_____(17-24)
7.

_____ (9-12)

_____No

_____ (11-16)

____ (More than 24 oz.)

What time of day, primarily, do you drink your pop?
_____Morning

_____Noon to evening

____ After supper

_____Throughout the day

8.

Do you regularly drink tea?

9.

If so, how many cups per day?
1

10.

_____Yes

2

3

4

5

6

7

8

9

_____Yes

_____No

(Circle one)

10 or more

What time of day do you regularly drink your tea?
____ Morning

____ Noon to evening

____ After supper

11.

Do you regularly take No-Doz?

12.

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

13 .

Do you regularly take Vivarin?

14.

If so, how often do you take Vivarin?_______________
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_____Yes

_____Yes

_____No

____ No
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15.

Do you regularly take diet pills?

_____Yes

____ No

16.

If so, what kind do you take and how often do you
take diet pills?_________________________________

17.

Do you regularly take over the counter medication
(i.e., Aspirin, Excedrin, Midol, Alka Seltzer,
etc. . . .)?
Yes

18.

No

If you do regularly take over the counter medication,
what kind do you take and how often do you take these
medications?

APPENDIX B
CAFFEINE CONSUMPTION QUESTIONNAIRE II

CAFFEINE CONSUMPTION QUESTIONNAIRE II
1.

Did you drink coffee during the last three days?
_____Yes

2.

____ No

If yes, how many cups per day?

(Circle one)

Less than 1

8

1

2

3

4

5

6

7

9

10

More than 10
3.

Did you drink soda pop during the last three days?
_____Yes

____ No

4.

If so, what kind did you drink?_____________________

5.

If you did drink soda pop during the last three days,
about how many ounces per day:
(one can = 12 oz.)
_____(0-4)

_____(5-8)

_____(17-24)
6.

_____(11-16)

_____(More than 24 oz.)

Did you drink tea during the last three days?
_____Yes

7.

_____(9-12)

____ No

If yes, how many cups per day?

(Circle one)

Less than 1

8

1

2

3

4

5

6

7

9

10

More than 10
8.

Did you take No-Doz in the last three days?
_____Yes

9.

____ No

If yes, how many per day did you take?
Less than 1 1 2 3 4 5 6 7 8 9 1 0
More than 10

10.

Did you take Vivarin during the last three days?
Yes

No
64
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11.

If yes, how many per day did you take?
Less than 1

1

2

3

4

5

6

7

8

9

10

More than 10
12.

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

_____No

13.

If so, what kind did you take?______________________

14.

If you did take diet pills, how many per day did you
take?
Less than 1

1

2

3

4

5

6

7

8

9

10

More than 10
15.

Did you take any over the counter medication in the
last three days (i.e., Aspirin, Excedrin, Midol, Alka
Seltzer, etc. . . .)?

16.

If so, what kind did you take?_______________________

17.

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

18.

How many hours has it been since you have last taken
any substance with caffeine in it (i.e., any of the
above substances mentioned above)?
0

1

2

3

4

5

6

8

9

11-14

15-18

19-22

27-30

31-34

35-38

39-42

43-46

over 46
What was the substance?
20.

7

How much did you consume?

10
23-26

APPENDIX C
THAYER ACTIVATION-DEACTIVATION CHECKLIST
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Date and time
Each of the words on the back describes feelings or moods.
Please use the rating scale next to each word to describe
your feelings at this moment.
EXAMPLES:
relaxed

vv

V

?

no

If you circle the double check
(vv) it means that you definitely feel relaxed at the
moment.

relaxed

vv

V

?

no

If you circle the single check
(v) it means that you feel
slightly relaxed at the moment.

relaxed

vv

V

?

no

If you circle the question mark
it means the word does not
apply or you cannot decide if
you feel relaxed at the moment.

relaxed

vv

V

no

If you circle the no it means
that you are definitely not
relaxed at the moment.

Work rapidly, but please mark all the words. Your first
reaction is best. This should only take a couple of
minutes.
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w
vv
w
vv

V
V
V
V

7
7
7
7

no
no
no
no

:
:
:
:

d e f i n i t e l y f eel
feel sli g h t l y
cannot decide
definitely do not

carefree

vv

V

7

no

serious

vv

V

7

no

peppy

vv

V

7

no

pleased

vv

V

7

no

placid

vv

V

7

no

leisurely

vv

V

7

no

sleepy

vv

V

7

no

jittery

w

V

7

no

intense

vv

V

p

no

grouchy

vv

V

7

no

energetic

vv

V

p

no

egotistic

vv

V

7

no

calm

vv

V

7

no

suspicious

w

V

7

no

tired

vv

V

7

no

regretful

w

V

7

no

stirred-up

vv

V

7

no

warm-hearted

vv

V

7

no

vigorous

vv

V

7

no

engaged-in-thought

vv

V

7

no

at r e s t

w

V

7

no

elated

vv

V

7

no

drowsy

vv

V

7

no
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vv
vv
vv
w

V
V
V
V

?

•
?
?
?

no
no
no
no

:
:
:
:

d e f i n i t e l y feel
feel sl i g h t l y
cannot decide
definitely do not

witty

vv

V

7

no

anxious

vv

V

7

no

aroused

vv

V

7

no

fearful

vv

V

7

no

lively

w

V

7

no

still

vv

V

7

no

self-centered

w

V

7

no

wide-awake

vv

V

7

no

skeptical

vv

V

7

no

activated

vv

V

7

no

sad

w

V

7

no

full-of-pep

w

V

7

no

affectionate

vv

V

7

no

quiet

vv

V

7

no

concentrating

w

V

7

no

sluggish

w

V

7

no

overjoyed

vv

V

7

no

quick

w

V

7

no

nonchalant

w

V

7

no

quiescent

w

V

7

no

clutched-up

vv

V

7

no

wakeful

w

V

7

no

rebellious

vv

V

7

no
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vv
w

vv
vv

V
V
V
V

?
•?

?

no
no
no
no

:
:
:
:

d e f i n i t e l y feel
feel slightly
cannot decide
definitely do not

no

active

vv

V

blue

vv

V

?

no

defiant

w

V

?

no

tense

vv

V

7

no
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