lN') University of North Dakota
2 UND Scholarly Commons

Theses and Dissertations Theses, Dissertations, and Senior Projects

5-1-1990

Eftects of Chronis Consumption of Caffeine on
Memory for Prose in Young and Elderly Adults

Malva Waters

Follow this and additional works at: https://commons.und.edu/theses

Recommended Citation

Waters, Malva, "Effects of Chronis Consumption of Caffeine on Memory for Prose in Young and Elderly Adults" (1990). Theses and
Dissertations. 1009.
https://commons.und.edu/theses/1009

This Thesis is brought to you for free and open access by the Theses, Dissertations, and Senior Projects at UND Scholarly Commons. It has been
accepted for inclusion in Theses and Dissertations by an authorized administrator of UND Scholarly Commons. For more information, please contact

zeinebyousif@library.und.edu.


https://commons.und.edu?utm_source=commons.und.edu%2Ftheses%2F1009&utm_medium=PDF&utm_campaign=PDFCoverPages
https://commons.und.edu/theses?utm_source=commons.und.edu%2Ftheses%2F1009&utm_medium=PDF&utm_campaign=PDFCoverPages
https://commons.und.edu/etds?utm_source=commons.und.edu%2Ftheses%2F1009&utm_medium=PDF&utm_campaign=PDFCoverPages
https://commons.und.edu/theses?utm_source=commons.und.edu%2Ftheses%2F1009&utm_medium=PDF&utm_campaign=PDFCoverPages
https://commons.und.edu/theses/1009?utm_source=commons.und.edu%2Ftheses%2F1009&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:zeineb.yousif@library.und.edu

Effects of Chronic Consumption of Caffeine
on Memory for Prose in
Young and Elderly Adults

by
Malva Waters

Bachelor of Science, University of North Dakota, 1961
Master of Science, University of North Dakota, 1980

A Thesis
Submitted to the Graduate Faculty
of the
University of North Dakota
in partial fulfillment of the requirements
for the degree of

Master of Arts

Grand Forks, North Dakota
May

1990



This Thesis submitted by Malva Waters in partial fulfillment of the
requirements for the Degree of Master of Arts for the University of
North Dakota has been read by the Faculty Advisory Committee under whom
the work has been done, and is hereby approved.

(Chairperson)

zfilLt£L Q£

This Thesis meets the standards for appearance and conforms to the
style and format requirements of the Graduate School of the University
of North Dakota, and is hereby approved.



PERMISSION

Title: Effects of Chronic Consumption of Caffeine on Memory for Prose
in Young and Elderly Adults

Department: Psychology

Degree: Master of Arts

In presenting this thesis in partial fulfillment of the
requirements for a graduate degree from the University of North Dakota,
I agree that the Library of this University shall make it freely
available for inspection. 1 further agree that permission for extensive
copying for scholarly purposes may be granted by the professor who
supervised my thesis work or, in his absence, by the chairperson of the
Department or the Dean of the Graduate School. It is understood that
any copying or publication or other use of this thesis or part thereof
for financial gain shall not#be allowed without my written permission.
It is also understood that due recognition shall be given to me and to
the University of North Dakota in any scholarly use which may be made of
any material in my thesis.

Signature



TABLE OF CONTENTS

List of Tables ... . e e
Acknowledgements ... .. .. i eeaa e ». .

FAY 0 13 o =2 S

ReSUIES .. e e e e e e

DESCUSSHION - o i e e e e e e e e

Appendices ... e € e e e e e et

Appendix A Four Expository Stories....... .. ... ... ..
SN — Snalls. . e

BM - Bird Migration..............
EA - Eagles.............

MR = MOR . L i e

Appendix B QUESTIONNAIFES ...t eeeeeeeenaanaanannn
Caffeine Consent FOrm. ... .. it it iiicceceanaannn

Caffeine Questionnaire........

Wahler Physical Symptomslnventory..........ccciiiceceeaannn

Eysenck Personality Inventory.... ... _.......

Beck INventory . . ... e
Vocabulary Subtest - WAIS-R. ... .. oo
D O

Appendix C Tables 4-19 ... i
(Please see the following page for a sub-list of tables.)

RETEIENCES. . o i e i e e e e e e eeecamecaacaaaanan

v |

13

16

25

..-33

35
37

.. 38

..-41
...42

.59

62

...65
...67
.. 69

..-11

90



Table

10.

11.

13.
14.
15.
16.
17.
18.

19.

LIST OF TABLES

Recall as a Function of Passage Length andImportance Level..?i?e
Recall as a Function of Age, Gender, Caffeine Consumption

and Importance...................... 18
Individual Difference Scores as a Function of Age, Gender,

and Caffeine Consumption. ... . e e iiaaa e aaaa 19
Anova Summary Table. . . ... 72
One Way Anova Performed on Wahler Physical Symptoms........... 73
One Way Anova Performed on AD/ACL - General Deactivation...... 74
One Way Anova Performed on AD/ACL - High Activation......_.._. 75
One Way Anova Performed on AD/ACL - General Activation........ 76
One Way Anova Performed onDrinker - 1 =Yes, 2 = NOo.......... 77
One Way Anova Performed onBeck Depression.................... 78
One Way Anova Performed on AD/ACL - Deactivation/ Sleep....... 79
One Way Anova Performed on WAIS Raw Vocabulary Score.......... 80
One Way Anova Performed on Eysenck Extroversion/Introversion. .81
One Way Anova Performed onEysenck LIE Scale............ 82
One Way Anova Performed on Eysenck Sociability.... . ... ........ 83
One Way Anova Performed on Eysenck Impulsivity.._._.._.. _._._.._.. .84
One Way Anova Performed on Smoker - 1 =Yes, 2 = No........... 85
ANCOVA Summary Table

Recall as a Function of Age, Gender, Caffeine Consumption,
Passage Length and Importance Level
(Covariate: WAIS Vocabulary). ... .. ... oL 86

ANCOVA Summary Table

Recall as a Function of Age, Gender, Caffeine Consumption,
Passage Length and Importance Level

(Covariate: Eysenck Impulsivity) ... ..o eeaaaan. 88



ACKNOWLEDGEMENTS

I would like to express my gratitude to the many individuals who
helped ensure the successful completion of this project. First, the
members of my thesis committee: Tom Petros, for being a cheerful and
patient guide through the no-man®"s land of data analysis and Jim Waller,
for adding a microbiologist®s perspective to this project. A very
special thanks to Bill Beckwith, chairman of my committee, who provided
nurturing guidance and support and was perpetually available with
assistance and encouragement.

Thanks to Shelly Klein, my co-collaborator, for her boundless energy,
hard work and good nature and to Mark Cazales for his dependable and
accurate assistance in running subjects and scoring questionnaires.

To Hannes and Elsie Kristjanson, Calvary Lutheran Church and to
Marlene Peterson, United Hospital, thank you for help in recruitment of
elderly subjects.

Thanks to Karen Spahr who helped me put it all together. As you can
see, this project has really been a group effort.

Finally, grateful thanks to my husband Jack, who has given up some of
our time together; 1 appreciate his support and understanding throughout

the trials of graduate school in general and this project in particular.

Vi



ABSTRACT

Caffeine is one of society"s most widely used central nervous
system stimulants. Most studies involving caffeine and memory have
tested the recall of young subjects following acute administration of
caffeine. This study was designed to determine the effects of chronic
use of caffeine on memory for prose in young and elderly adults.
Forty-nine young and forty-nine elderly subjects read four expository
prose passages from the computer screen and orally recalled each story
Recalls were tape recorded and later scored for presence of idea units
Chronic consumption of caffeine had no significant effect on recall of
prose passages. It is speculated that this result may be due to

tolerance effects which develop with habitual caffeine consumption.



INTRODUCTION

Caffeine is unique among central nervous system stimulant drugs.
Not only is its use socially acceptable, but it is found in a large
variety of beverages (coffee, tea, colas, cocoa), foods containing
chocolate, prescription medications and over-the-counter preparations
such as analgesics, cold preparations, stimulants and appetite
suppressants. One must make a concerted effort in order to avoid the
daily ingestion of caffeine.

Total world caffeine consumption in 1981 was estimated at 120,000
tons or 70 mg/day per person. Caffeine from coffee accounts for about
54% of consumption throughout the world - tea accounting for about 43%.
Per capita intake of caffeine in the United States averages about 200 mg
daily (Rail, 1980,” Pilette, 1983), and although consumption of coffee
has decreased in the U.S. since 1960, the popularity of soft drinks has
risen rapidly. Tea and cocoa are consumed less commonly in the U.S.
than coffee and soft drinks, but can also provide high doses of dietary
caffeine. (Wells, 1984/,

Caffeine is a member of the family called xanthines which also
includes theophylline and theobromine (Pilette, 1983). It is an
alkaloid and a purine derivative, structurally similar to the purines
adenine and guanine (Wells, 1984). The chemical name for caffeine is 1,
3, 7 - trimethylxanthine, and it is the methyl group on position 1 which
is associated with central nervous system stimulation (Pilette, 1983).
The mechanism by which caffeine exerts its CNS effects is not completely
clear. Cellular actions of caffeine include translocation of
intracellular calcium, increasing accumulation of cyclic nucleotides -
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particularly cyclic AWP, and blockade of adenosine receptors (Rail,
1980). Inhibition of phosphodiesterase, an enzyme which aids in the
breakdown of cyclic AMP could lead to its accumulation and to enhanced
responsiveness of norepinephrine-containing neurons. Inhibition of
adenosine receptors may antagonize the effects of adenosine, a
naturally-occurring behavioral and biochemical depressant. (Hirsh,
1984). Studies with mice have shown significant increases in adenosine
receptors following chronic caffeine treatment, with the greatest
changes found in the cerebellum and brain stem (Marangos, Boulenger and
Patel, 1984). Inhibition of adenosine at the receptor sites could
decrease the natural depression of neural activity resulting in a
stimulant effect.

Caffeine appears in body tissues within five minutes of consumption
and peak blood levels are reached within 30 minutes. The half-life of
caffeine in the plasma varies from 2.5 to 4.5 hours and the length of
time necessary for total body clearance ranges from overnight to several
days. (Gilbert, 1976). Caffeine is eliminated from the body principally
by metabolism in the liver, and subsequent excretion in the urine. The
primary metabolites of caffeine found in the urine are 1-methyluric acid
and 1-methylxanthine. (Rail, 1980; Pilette, 1983).

The effects of caffeine on human behavior are varied. Wells,
(1984), iIn a recent review of research on caffeine, states that there
appears to be a dose range at which caffeine acts as a mild stimulant.
Beyond this dose, which may vary from person to person, the drug may
cause a toxic reaction which includes agitation, psychic disturbance and

decreased intellectual performance. Persons who are habituated to



caffeine may experience headaches and irritability upon withdrawal. It
is generally agreed that caffeine consumption in small to moderate doses
can lead to decreased drowsiness, elevated mood, lessened fatigue, and
more rapid and clearer thinking. At high doses, caffeine can produce
symptoms which resemble anxiety - nervousness, irritability, agitation,
tremors, rapid breathing, and insomnia. At toxic levels, symptoms such
as hyperesthesia (abnormal sensitivity of the senses), tinnitus (ringing
or buzzing in the ears), and flashes of light may occur, and in doses
exceeding 10 grams, grand mal seizures and respiratory failure may
result in death (Gilbert, 1976; Rail, 1980; Pilette, 1983).

In a study using twenty healthy male volunteers, Lieberman and
Wurtman (1987), were the first to show that the low to moderate caffeine
levels found in foods and medications significantly improve some types
of intellectual functioning. Caffeine in as low a dose as 32 mg, which
elevated plasma concentrations by 0.5ug/ml, significantly improved
auditory vigilance and visual reaction time. Rail (1980) has found that
85 to 250 mg (1-3 cups of coffee) produces Increased capacity for
sustained intellectual effort, decreased reaction time and improved
association of ideas. Habitual consumers of caffeine may develop
tolerance and caffeine effects may be much more pronounced iIn non-users
or light users than in heavy users. (Hirsh, 1984).

Chronic ingestion of high doses of caffeine may result in
caffeinism, a state of acute or chronic toxicity. Symptoms include
restlessness, nervousness, excitement, insomnia, TFflushed face, diuresis
and Gl disturbances. The symptoms may occur in some people who ingest

as little as 250 mg of caffeine per day. Others may require much higher



doses (DSMINI-R, 1987). Caffeinism may be misdiagnosed as anxiety
neurosis and heavy caffeine users may show clinical depression (Greden,
1978). If the symptoms are due to caffeine, they begin to subside 4-10
days after caffeine intake is stopped or greatly reduced. (Pilette,
1983). Twenty to thirty percent of respondents in surveys by Gredin
(1978) reported consuming 500-600 mg of caffeine per day.
Pharmacologically, symptoms of caffeinism would be quite likely to occur
above this point. As much as one-fourth of the population would seem to
be at risk for caffeinism. Caffeine has also been linked in the
medical literature to such disorders as heart disease, peptic ulcer,
hiatus hernia, fibrocystic breast disease, birth defects, bladder
cancer, and cardiac arrhythmia (DSMIN11-R, 1987; Pilette, 1983).

Gilliland and Andress (1981), assessed the caffeine consumption of
1500 college students by a questionalre which rated various sources of
caffeine in "coffee cup equivalents” (CCE) with 1 cup containing 150 ml
of fluid. Subjects were divided into four consumption levels:
abstainers, low consumers (less than 1 CCE/day), moderate consumers (1
CCE/day or more, but less than 5 CCE/day), and high consumers (5 or more
CCE/day). Grade point average was found to be significantly higher in
abstainers as compared with the high consumer group. Also, the majority
of incomplete grades was received by high and moderate consumers.
Gilliland stated that the differences between moderate and high consumer
groups was not as great as would be expected. This suggests that the
detrimental effects of caffeine consumption on academic performance may

occur at lower levels than expected.



One approach to understanding how caffeine ingestion can influence
intellectual functioning Is to assess the effects of caffeine on memory.
After 300 mg of caffeine or a lactose placebo, subjects in an early
experiment by Hull (1935) learned nonsense syllable lists by the
anticipation method. After ingestion of drug or placebo, they relearned
two lists from the previous day and two new series to a criterion of two
perfect repetitions. Caffeine affected neither the number of trials
needed to attain criterion nor retention. Caffeine did significantly
increase the number of anticipatory intrusions and the length of
displacements. File, Bond and Lister (1982) found that short-term
memory was not affected three hours following doses of 125 or 250 mg of
caffeine. Their subjects listened to lists of words and were asked to
engage in both free and cued recall. Rapoport, Jensvold, Elking,
Buchsbaum, Weingarter, Ludlow, Zahn, Berg and Neims (1981) reported no
significant differences in memory in boys or adult males 50 minutes
after ingesting 3 or 10 mg/kg of caffeine. Memory was assessed by a
list of 10 words from a single category displayed on cards one word at a
time for 10 seconds at I-second intervals. The list was followed by a
6-digit number. Subjects were allowed two minutes to write down the
number and as many words as they could recall.

A study by Gilliland (1980) assessed male and female subjects”
performance on a test of verbal ability after being given 0, 2 or A mg
of caffeine per kilogram of body weight. The test contained verbal
analogies, sentence completions and antonyms. Subjects completed one
form of the test as a pretest, ingested caffeine or placebo and 30

minutes later, completed the posttest - a second form of the same test.



Extroverts (as measured by the Eysenck Introversion/Extroversion scale,
1967), demonstrated pretest-posttest improvement which increased as the
dose of caffeine increased. Introverts®™ performance increased at 2 mg,
but decreased with 4 mg of caffeine.

In a series of experiments, Revelle, Humphreys, Simmon and
Gilliland (1980), studied caffeine and impulsivity, using the
introversion/extroversion scale to define the subjects®™ level of trait
arousal. Caffeine had a differential effect upon subjects completing a
GRE practice test depending upon the subjects®™ self reported level of
trait arousal and time of day of testing. Caffeine impaired the
performance of low impulsives (high trait arousal) and Improved
performance of high impulsive (low trait arousal) subjects when testing
occurred in the morning. However, when testing occurred in the evening
this pattern was reversed. In a subsequent experiment, (Revelle, et al,,
1980) high and low impulsive subjects were allowed to choose whether
they would participate in the morning or in the evening. Short term
memory was measured using a 68-item analogies test. Again, performance
of low-impulsive subjects was hindered by caffeine in the morning, but
helped in the evening. Caffeine helped high impulsives®™ performance in
the morning, but Impaired it In the evening.

Humphreys and Revelle (1984) have presented a theoretical model in
which they suggest that heightened arousal reduces the available
resources for processing information in short term memory. They assert
that the detrimental effect of heightened arousal occurs because under
conditions of high arousal, Information is available in short term

memory for a shorter amount of time than usual, adversely affecting the



processing of that information. |In order to study the prediction of
Humphreys and Revelle (1984) that increasing doses of caffeine reduce
the ability to process information in short term memory, Hager, Petros,
Beckwith, Erickson and Arnold (1986), designed a study to test the
effects of caffeine on recall of prose. One-hundred-forty young adults
were divided into high and low impulsive groups and given O, 2 or 4 mg
of caffeine per kg of body weight. Following a 30 minute absorption
period, the subjects heard tape recorded prose passages presented at
three different rates. After listening to each story, subjects wrote as
much of the story as they could remember. The recalls were later scored
for the presence of idea units. Subjects recalled significantly more
idea units after ingestion of 2 mg/kg of caffeine than after 0 or 4
mg/kg. More important idea units were recalled better than less
important idea units and recall increased with slower rates of
presentation.

Erickson, Hager, Houseworth, Dungan, Petros and Beckwith (1985)
examined the effect of caffeine on free recall of supraspan word lists.
High and low impulsives (47 male, 60 female) were given 0, 2 or 4 mg
caffeine per kg of body weight. Eight word lists were presented from
cassette tape at a slow (1 word/3 sec) or fast (1 word/sec) rate. Oral
recall was obtained following each presentation. Females given 4 mg/kg
showed impaired recall at the slow rate, while males showed no
significant effect of caffeine. In an extension of the Erickson, et al
(1985) experiment, Arnold, Petros, Beckwith, Coons and Gorman (1987)
used four presentation rates Instead of two - one slower (1 word/2 sec)

and one faster (1 word/5 sec). Eighty-two male and 75 female subjects



were given 0, 2 or 4 mg caffeine/kg of body weight. Females in this
study were free of oral contraceptives and were tested within the Tfirst
five days of their menstrual cycles. Caffeine was found to facilitate
recall in females. In addition, caffeine impaired recall in males at the
lower dose and improved recall for males at the higher dose. Use of
more subjects and controlling for endogenous hormonal variation in
females may help explain descrepitant results between Erickson, et al
(1985) and Arnold, et al (1987).

In a study by Terry and Phifer (1986), thirty-three college
students were given either placebo or 100 mg of caffeine. Memory was
assessed using the Auditory-Verbal Learning Test (AVLT), an instrument
using recall of word lists on single and multiple trials to measure
memory. Subjects who received caffeine recalled fewer words than did
control subjects, both after single presentation of lists and across
repeated trials.

Following administration of either 0, 2 or 4 rag/kg of caffeine,
Sternhagan (1987) had 78 high or low impulsive males listen to three
expository and three narrative prose passages which had been divided
into idea units. After hearing the passages, subjects wrote their
recalls which were then scored as to the presence of the idea units
recalled. Subjects remembered more idea units from narrative than from
expository stories and more ideas of high importance than low
importance. Recall was higher for subjects in the low impulsive group
tnan in the high impulsive group and no significant effects of caffeine

were found.



In summary, studies with young adults seem to indicate that the
interaction of caffeine with 3hort terra memory is complex and may be
related to a number of variables such as level of arousal, time of day,
gender, and phase of menstrual cycle. Divergent results in caffeine
studies related to memory may not be contradictory, but related instead
to variations in subjects and methods along with the influences of other
interacting variables. One variable which has received little attention
is that of habitual use of caffeine. Loke and Meliska (1984) assigned
college students to higher or lower caffeine user groups based on a
caffeine usage survey. Subjects then ingested placebo, 195 or 325 mg of
caffeine, and performed visual vigilence and reaction time tests.
Although no main effects of caffeine were found, high caffeine users
made more false alarms and fewer hits than the low caffeine users. Loke
concluded that the user factor (High Caffeine User versus Low Caffeine
User) was the most potent experimental variable. Daily caffeine intake
and resulting tolerance would very likely affect a subject"s level of
arousal and could certainly be an Important factor leading to
inconsistant research results.

Another potentially important yet neglected variable in
understanding the effects of caffeine on memory is age. Many
investigators have found an age-related decrement in recall of prose.
For example, Rice and Meyer (1986) tested 422 adults in three age groups
- young (18-32 yrs), middle (40-54 yrs) and old (62-80 yrs) and found
that a decrease in quantity of prose recall appears with increasing age,
though verbal ability was found to be a better predictor of recall than

was age. Cohen (1979) found that older subjects (65-79 yrs) extracted
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and retained gist information from prose less well than younger subjects
(20 -29 yrs) even though both groups were highly educated. Taub and
Kline (1978) found that an opportunity for review of materials lead to
better recall for both young and old and that age related differences in
prose recall were not significant until trial 3 of the experiment, with
young subjects showing better recall. Smith, Rebok, Smith, Hall and
Alvin, (1983) found no age differences in recall oi standard or
scrambled stories, but the elderly recalled interleaved stories (those
with combined nodes of two story episodes) less well than the young.
Under both immediate and delayed recall conditions, Dixon (1982) found
that younger adults remembered text materials better than both middle
aged and older adults.

Petros, Talor, Cooney and Chabot, (1983) divided 53 adults into
groups according to age and education. Subjects listened to tape
recorded stories, then recalled the stories and rated their idea units
in terms of importance. Younger adults recalled more idea units than
older adults and subjects with more education recalled more than the
less educated. Recall increased as the importance of idea units
increased. In a subsequent study, Petros (1989), presented both
narrative and expository prose passages at different rates to younger
and older adults of low or high verbal ability. Older adults recalled
less than younger adults and age differences in recall were larger for
adults with lower verbal ability and for expository texts.

Hultsch (1971), Dixon, Simon, Nowak, and Hultsch (1982) and Smith,
et al, (1983) explain age-related deficits in recall of prose as

relating to older adults®™ using organizational strategies less
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efficiently than younger adults, while Craik and Simon (1980), Cohen
(1979) and Petros, et al. (1983, 1989) attribute age deficits in recall
of prose to an age-related decline in short-term memory processing
capacity. One possibility is that a decline in short term memory in the
elderly could be related to high levels of habitual caffeine
consumption. In this case, according to the model of Humphreys, et al.,
(1984), the high level of arousal resulting would effectively reduce
processing capacity in short term memory.

There is a surprising lack of information in the literature
relating the variables of caffeine, memory and aging. In a study using
Rhesus monkeys, Bartus (1979) tested young (5-6 yrs) and aged (15-20
yrs) monkeys in a delayed response procedure to assess the effects of
central nervous system stimulants on short term memory. The procedure
utilized an apparatus which flashed a green light on one of 9 panels
followed by retention intervals of varying lengths. The monkey then
responded by pushing one of the 9 panels and was rewarded for the
correct response. Four doses of caffeine were administered to each
monkey over a two week period: 2,4,8 and 16 mg/kg of body weight.
Each monkey was treated intramuscularly 30 min prior to the start of the
behavioral session. Caffeine impaired the performance of both age
groups, even at relatively low doses. Aged monkeys were more adversely
affected on tasks with longer retention intervals. No age by treatment
interaction was found.

The present study examined the effects of age and habitual caffeine
consumption on memory for prose. Normal caffeine use was assessed by a

self-report questionaire. ITf habitual use of large quantities of



caffeine impaired short term memory, then bo™h the young and elderly
consuming high doses of caffeine were expected to remember less in a
prose recall task when compared with their respective low-user groups.
IT short term memory capacity declined with age, as was suggested by
available research reviewed above, the elderly were expected to exhibit
greater memory impairment than the young. In addition, if consumption
of caffeine interacted with age deficits in recall, then the elderly
consuming high doses of caffeine were expected to show greater memory
impairment than the elderly consuming less caffeine or the young in
either caffeine group. Finally, all groups were expected to recall more
of the short than the long prose passages and more important than less

important idea units regardless of treatment.



METHOD

Subjects

Ninety eight adults (43 males and 55 females) served as
participants in the study. Forty nine of the subjects were University
students, ages 18 to 30 who received course credit for their
participation. Forty nine were older adults ranging in age from 60 to
75 who were selected from senior citizen groups in the community. The
young females were tested within the first five days of the menstrual

cycle and were free of oral contraceptives.

Design

A 2x2x2x2x3 factorial design was used which involved three between
subjects factors - age (young, old), gender, and caffeine consumption
(high, low). Within subjects factors included passage type (long,

short) and level of importance of text units (levels 1, 2, and 3).

Materials

Four expository stories - two short (207 - 227 words) and two long
(406 - 425 words) were used (see Appendix A). All stories were of 7th -
8th grade reading difficulty. All stories had a Dale-Chall (1948)
readability score of 6.55. The expository passages each described the
attributes or properties of an object.

Each story had previously been divided into idea units which were
rated by an independent group of 33 college students, who divided the
stories Into units, each containing one simple idea. An additional
group of college students, numbering 42-56, rated the units of each

13
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story for their importance using a 3-point scale. Using this rating
procedure, approximately equal numbers of the idea units in each story
were designated as high (level 3), medium (level 2) or low (level 1) in
thematic importance. The long expository passages had 12-17 idea units
at each level, while short passages had 7-8 idea units at each level.
(For more detail of the rating procedure see Brown and Smiley, 1977).

A vocabulary subtest from the Wechsler Adult Intelligence
Scale-Revised (WAIS-R) (Wechsler, 1981) was administered in order to
measure verbal ability. Other questionnaires completed included the
Beck Depression Inventory (Beck, 1967), a 21-item self-report inventory
consisting of four alternative statements which are scored 0-3 for
severity of depression; the Activation - Deactivation Adjective Check
List (AD-AC.L, Thayer, 1967), a self-report measure of transient (state)
levels of activation or arousal; the Wa®nler Physical Symptoms Inventory
(WPS) (Wahler, 1983) which measures the presence and frequency of 42
physical symptoms; and the Eysenck Personality Inventory (Eysenck, 1967)
which measures personality in terms of extroversion-introversion. Each
subject completed a caffeine questionnaire (Adapted from Greden, see
appendix), designed to measure typical amount of caffeine consumption as
well as use of alcohol and cigarettes. Demographic data included

education, age and occupation as well as a subjective rating of health.
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Procedure

All subjects were tested individually between 8:00 am and 12:00 pm
in a private experimental room. Each subject was seated before an Apple
Il computer, was presented with a practice story and then told that they
would be reading four short stories from the computer screen at their
own rate. They were asked to recall the stories orally after reading
each passage. The presentation order of the stories was counterbalanced
within each age group. Stories were presented one idea unit at a time,
moving across the screen in paragraph form. ldea units were removed
from the screen and replaced with dotted lines as each new idea unit was
presented. At the end of each paragraph the screen was cleared and the
following paragraph®s first idea unit appeared in the upper left hand
corner of the screen. Subjects pressed the return key to expose each
successive idea unit. The amount of time between presses of the return
key was recorded by the computer and used as a measure of reading time
for the corresponding idea unit.

Subjects were asked to read at their normal rates and were unable
to review what was previously read. Subjects attempted oral recall
immediately after reading each story. They were asked to recall as much
of the story as possible and not to worry about exact wording or
sequence of events. Recalls were tape recorded and later transcribed

for scoring purposes.



RESULTS

Oral recall protocols were scored for presence of gist of idea
units by a scorer unaware of subjects®™ age group or level of caffeine
consumption. Fifteen percent of protocols were randomly selected and
re-scored by a second rater. The percent of idea units agreed upon by
the two raters ranged from .912 to .942 with a mean of .931.

Memory for each passage was expressed as the proportion of idea
units recalled at each level of importance. A 2 (age) x 2 (gender) x 2
(caffeine consumption) x 2 (passage length) by 3 (importance level)
analysis of variance was used for data analysis with alpha set at .05.

No main effects for habitual consumption of caffeine were found,
F(1,90) = .021, p » > .50. A significant main effect of gender,

F(1 ,90)=>5.701 , p =.02, indicated that males® overall recall was
significantly better than females®: mean proportion recall was .450 and
.398 respectively. A significant main effect for passage length,
F(1,90) m 300.77, p<.001, Indicated that short stories were recalled
significantly better than long stories. Mean proportional recalls were
.341 for long passages and .507 for short passages.

A significant main effect of level of Importance of idea units,
F(2,180) “ 187.15, p <.01, indicated that ideas of high importance, were
remembered better than those of lesser Importance. Mean proportional
recall for idea units of high, medium, and low levels of importance were
531, .421 and .319 respectively. A Neuman-Keuls analysis (alpha set at
.05) Indicated that recall scores increased as level of importance
increased (high > medium > low).

16
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A significant passage length by level of importance interaction,
F(2,180) = 74.86, p < .01, indicated that short passages are remembered
significantly better than longer passages at all levels of importance,
(see Table 1) However, the size of the passage length effect was larger
for medium and low levels of importance than for high levels of
importance. For high levels of importance, long stories were remembered
91% as well as short stories; for medium levels of importance, long
stories were remembered 51% as well as short stories, and for low levels
of importance, long stories were remembered 57% as well as short
stories.

TABLE 1

RECALL AS A FUNCTION OF PASSAGE LENGTH AND IMPORTANCE LEVEL

Importance level

Length High Medium Low
Short .556 .558 406
Long .506 .285 .233

A significant four way interaction of age, gender, consumption, and
level of Importance was found, F(2,180) m 3.381, p = .024. A
Neuman-Keuls analysis (alpha set at .05), indicated that young females
in the high consumer group had significantly greater recall of idea
units of low importance than young females in the low consumer group.
Also, elderly females in the high consumer group recalled significantly

less at medium and low levels of Importance than young females in the
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high consumer group, while young females in the low consumer group had
significantly greater recall of idea units of medium importance than
elderly females in the low consumer group. (See Table 2). No
significant differences in recall were observed for males in either the

high or low caffeine consumption groups.

TABLE 2

RECALL AS A FUNCTION OF AGE, GENDER, CAFFEINE CONSUMPTION AND IMPORTANCE

High Consumption
Importance level
Age High Med Low
Young .593 430 314

Elderly .545 432 364

High Consumption
Importance level
Age High Med Low
Young .524 440 374

Elderly .471  .365 .254

LEVEL

MALES

Low Consumption
Importance level
Age High Med Low
Young 588 458 .368

Elderly 550 434 325

FEMALES

Low Consumption

Importance level
Age High Med Low
Young .518 441 277

Elderly .460 371 277
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Individual Differences

In order to determine whether recall effects may have been
confounded by individual differences related to recall performance, a
series of 2 (age) x 2 (consumption) x 2 (gender) ANOVAS were conducted
using the various individual difference measures as dependent variables
(Table 3).

TABLE 3

INDIVIDUAL DIFFERENCE SCORES AS A FUNCTION OF AGE, GENDER, AND
CAFFEINE CONSUMPTION (Standard deviations in parentheses)

YOUNG ELDERLY
High Cons Low Eons High Cons Low Cons
M F M F M F M F
AGE 20.50 23.57 20.31 20.58 66.55 67.14 66.30 68.79
(2.37) (4 .52) (3.45) (3.20) (3.75) (4 .44) (4.22) (4.48)
CONS 464.80 502.93 144.23 101.25 493.18 502.29 105.70 117.43

(140.38)(263.40) (59.99)(56.60) (183.99X 226.60) (77.41X 53.42)

BDI 5.60 9.07 3.54 5.92 6.27 5.21 6.40 4.93
(5.36) (6.74) (2.90) (6.78) (6 .44) (3.73) (3.72) (3.58)
Wahler .64 .92 71 .73 .99 71 .75 .65
(-29) (-52) (-32) (-39) (.64) (-59) (-40) (-62)
AD-ACL
G Deact 17.70 24.43 17.54 17.83 16.64 17.71 21.30 20.07
(4.00%X 21.74) (4.67) (2.52) (4 .43) (4.58) (2.79) (6.15)
Hi Act 13.30 17.29 11.77 10.58 10.64 10.14 9.80 11.14
(4 .35X 23.97) (3.88) (3.34) (3.17) (2.38) (3.77) (3.57)
Gen Act 16.50 21.14 20.15 13.83 21.27 19.43 18.90 17.64

(4.20)(22.86) (5.10) (4 .88) (4 .36) (5.75) (5.30) (6.05)
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TABLE 3 continued

YOUNG ELDERLY
High Cons Low Cons High Cons Low Cons
M F M F M F M F

De Sle 11.80 19.79 10.85 14.50 7.73 6.79 7.80 8.14

(4 .10X 23.16) (4 .20) (4.66) (2.97) (2.91) (3.26) (3.53)
WAIS 47.30 46.86 52.23 42.50 52.82 52.79 55.80 51.14

(7.20) (9.11) (4 .15) (5.13) (6.48)(11.28) (7.27) (9.84)
EISENCK
IE 13.80 14.57 15.31 16.68 9.55 10.07 10.90 10.57

(5.41) (2.80) (3.90) (2.90) (4.18) (3.20) (3.64) (4.72)

LIE 3.00 2.86 1.92 2.33 3.91 5.00 3.20 4.07
(1.25) (1.51) (1.55) (1.83) (© .94) (1.66) (1.40) (1.82)

SOCIAB 7.30 8.00 8.70 9.75 6.00 6.21 5.20 5.86
(3.47) (2 .57) (2.18) (1.82) (3.87) (2.58) (3.12) (3.88)

IMP 4.90 5.36 4.92 5.33 3.09 3.21 4.60 4.14
(1.91) (1.45) (1.71) (1.83) (1.76) (1.89) (2.59) (1.66)

SMOK .20 .36 .15 .08 .18 .14 .00 .07
Y=1 (-42) (.50) (-38) (-29) (-41) (-36) (.00) (.27)
N=0

DRINK .90 .64 77 1.00 .82 .64 .80 .64
Y=1 (-32) (.50) (-44) (.00) (.41) (-50) (-42) (-50)
N=0

There were no significant differences between high and low caffeine
consumers on the Wahler Physical Symptoms Inventory (Table 5, Appendix
C) or on the AD-ACL General Deactivation (Table 6, Appendix C), High
Activation (Table 7, Appendix C), and General Activation scales (Table
8, Appendix C). In addition, there were equivalent numbers of drinkers

and non-drinkers at all levels of consumption. (Table 9, Appendix C)



21

A significant interaction of age and gender was found when using
the score on the BDlI as the dependent variable, F(1,90) = 4.056, p
=.048. Females (m = 6.28) scored significantly higher on the BDI than
males (m = 5.45) and the young (m =6.03) scored higher than the elderly
(m = 5.70), with young females (m = 7.50) scoring significantly higher
than other groups. There was no main effect or interaction with
caffeine consumption on BDlI scores. (Table 10, Appendix C)

When using the AD-ACL Deactivation Sleep scale as the dependent
variable, a significant effect of age was found, F(1,90) - 1.809, p
=.001. Young subjects (m = 14.233) scored significantly higher than
elderly subjects (m = 7.614), suggesting significantly lower levels of
trait arousal in the young. No main effect or interaction with caffeine
consumption on AD-ACL Deactivattion Sleep scores was found. (Table 11,
Appendix C)

When WAIS vocabulary scores were examined (Table 12, Appendix C),

significant effects of age, F(1,90) = 12.94, p =.001, gender, F(1,90)

5.109, p

.027, and an interaction of gender by consumption, F(1,90)

4.476, p =.036, were noted. WAIS vocabulary scores of the elderly (m

53.14) were significantly higher than those of the young (m = 47.22),
while males (m = 52.04) had significantly higher scores than females (m
= 48.32). Further, in the low caffeine consumption group, males (m =
54.02) had significantly higher scores than females (m = 46.82). In the
high consumption group WAIS scores were not significantly different for
males and females (49.82 vs 50.06)

The IE Scale of the Eysenck Personality Inventory (Table 13,

Appendix C) showed an age-related difference, F(1,90) = 36.98, P =
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<.001, with young (m= 15.09) scoring significantly higher than the
elderly (m = 10.27). This indicates that young subjects tended to be
significantly more extraverted than elderly subjects. No main effect or
interaction with caffeine consumption was found with Eysenck IE scores.

The LIE scale of the Eysenck (Table 14, Appendix C) revealed
significant differences with age, F(1,90) = 23.18, P = <.001 and
consumption F(1,90) = 6.61, p = .012 with elderly (a = 4.05) scoring
higher than young (m = 2.53) and with high caffeine consumers (m = 3.69)
scoring higher than low consumers (m = 2.88). These results indicate
that the elderly had a significantly greater tendency to 'fake good"
than the young; in addition, high caffeine consumers also had a greater
tendency to '"fake good" than low caffeine consumers. (M=3.69 for high
consumers vs 2.88 for low consumers).

When using the SOC scale of the Eysenck (Table J3, Appendix C), a
significant difference of age w  found, F(1,90) = 18.38, p = <.001l.
Young (m = 8.44) scored significantly higher than the elderly (m =
5.82), indicating a significantly greater tendency toward sociability in
the young. There was no main effect or interaction of caffeine
consumption on Eysenck SOC scores.

The IMP Scale of the Eysenck (Table 16, Appendix C), when used as a
dependent variable, showed a significant main effect of age, F(1,90) =
13.24, p = <.001, with young (m = 5.13) scoring higher than the elderly
(m = 3.76). The young were significantly more impulsive than the
elderly. No main effect or interaction of caffeine consumption on

Eysenck IMP scores were found.
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When smoking was used as a dependent variable (Table 17, Appendix
C), a non-significant trend was found, F(1,90) = 3.80, p =.055, with
more smokers being in the high (m = .220) than in the low (m = _.077)
consumption group.

In sum, the analyses of individual differences between the groups
showed age related differences with depression scores, vocabulary
scores, the Deactivation/Sleep scale of the Activation/Deactivation
check list and all four of the scales measured by the Eysenck
Personality Inventory: Introversion/Extroversion, Sociability,
Impulsivity and Lie. Young subjects tended to score higher on
depression, extroversion, sociability and impulsivity than elderly
subjects. Elderly subjects had higher vocabulary scores, were less
sleepy at the time of testing and tended to a greater extent to falsify
responses when answering the Eysenck Personality Inventory. Caffeine
consumption differences were found only in relation to WAIS vocabulary
scores and the LIE scale of the Eysenck Personality Inventory. In the
low consumer group, males had higher vocabulary scores than females.
High caffeine consumers had a greater tendency to falsify results on the

Eysenck Personality Inventory than low caffeine consumers.

Analysis of Covariance

Since the individual difference ANOVAS revealed significant
differences related to consumption of caffeine which could have
confounded interpretation of the original ANOVA, two separate analyses
of covariance were performed, using WAIS vocabulary scores and Eysenck

Impulsivity scores as covariates.
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Following the ANCOVA with WAIS vocabulary scores (Table 18,
Appendix C), the pattern of effects was changed, with young subjects
having significantly higher recalls than elderly subjects,
F(1,89)=11.135, P=.002. Adjusted mean recalls for young subjects were
.460 while those for the elderly were .388. This finding indicates that
when verbal ability was taken into account, elderly subjects recalled
significantly fewer idea units than the young subjects. The earlier
failure to find differences in recall between young and elderly groups
was probably the result of differences in verbal ability. Still,
caffeine consumption had no impact on these results. Further,
previously described gender differences in recall disappeared.

When ANCOVA was performed with the Impulsivity Scale of the Eysenck
Personality Inventory as the covariate, (Table 19, Appendix C), the
pattern of effects remained the same except that a significant effect of
age also became apparent, F(1,89) = 4.322, p = .041, confirming the
age-related difference in recall when level of Impulsivity was taken
into account. However, caffeine consumption had no apparent effect upon

impulsivity.



DISCUSSION

The results of this study show primarily that chronic consumption
of caffeine had no effect on memory for expository passages. In a
four-way interaction involving age, gender, caffeine consumption, and
level of importance, young females consuming high amounts of caffeine
remembered ideas of low importance better than young females consuming
low amounts of caffeine. In addicion, in the high caffeine consumer
group, young females remembered ideas of both medium and low importance
better than elderly females. Also, iIn the low caffeine consumption
group, young females had better recall of ideas of medium importance
than elderly females. Finally, high caffeine consumers tended to
falsify responses on the Eysenck Personality Inventory more often than
low caffeine consumers. Expected results for passage length and level
of importance were found, with short stories being remembered better
than long, and with idea units of high importance being remembered
better than those of lesser importance. When the effects of vocabulary
and impulsivity were removed using analysis of covariance, traditional
age-related differences in recall emerged, with young subjects showing
greater proportional recall of expository passages at all levels of
importance.

Several interesting differences which had no relation to caffeine
consumption were also found. Young females scored higher on the Beck
Depression Inventory than any other group. Young subjects scored higher
than the elderly on Extroversion, Sociabilility, and Impulsivity
subscales of the Eysenck Personality Inventory. Elderly subjects had

25
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higher WAIS Vocabulary scores, were less sleepy at the time of testing,
and tended more often to falsify responses to the Eysenck Personality
Inventory.

One possible explanation for the finding that chronic caffeine
consumption had no general effect on memory is that chronic caffeine
consumers may habituate to the effects of caffeine. Hirsh (1984) states
that tolerance to the effects of caffeine may develop in habitual
caffeine consumers and that non-users may show more pronounced responses
to ingestion of caffeine than those who consume higher amounts on a
regular basis. Goldstein (1984) found that students who normally
consumed higher amounts of caffeine were less likely to lose sleep when
drinking coffee at night and did not experience nervousness with
ingestion of additional caffeine when compared with students who
normally consumed little or no caffeine. Robertson, Wall, Workman,
Woosley & Oates (1981) found that cardiovascular and autonomic nevrous
system effects of acute caffeine ingestion were no longer present after
3 days of caffeine administration of 250 mg three times per day. It
could be, therefore, that although some Investigators have found memory
differences with acute administration of caffeine (e.g., Arnold, et al.,
1987; Erickson, et al., 1985), these differences are diminished by
tolerance effects in chronic caffeine consumption.

A second explanation could be that although various performance
differences have been demonstrated between high and low caffeine
consumer groups (Revelle, 1980, Gilliland, 1981, Lieberman, 1987, Swift,
1988), memory for prose passages is not affected by chronic caffeine

consumption.
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Finally, it is possible that failure to find effects of chronic
caffeine consumption on memory is due to a poorly designed study, faulty
group selection or a related problem in methods. These do not seem to
be valid criticisms, since expected results of passage length, level of
importance, and age differences in vocabulary scores were obtained.

The finding that caffeine enhanced the recall of idea units of
medium and low importance in young females seems to indicate that
caffeine may, under some circumstances, enhance memory of trivial
details in a learning task. Sternhagen (1987), who studied males only,
found no such effect. Arnold, et al., (1987) found that acute doses of
caffeine facilitated recall for supraspan word lists in young females
and speculated that effects of caffeine on females may depend, in part,
on estrogen levels. Further research with females is needed to help
clarify gender differences.

Short stories were remembered better than longer stories. This
result agrees with those of Sternhagan (1987) and Klein (1989) who both
found that college students remembered short prose passages
significantly better than longer passages. This finding would be
expected, since it is widely accepted that recall of a smaller amount of
material is accomplished more easily (Kintsch & van Kijk, 1978). The
finding that ideas of greater importance were remembered better than
those of lesser importance agrees with the work of Petros, et al. (1983,
1989), Sternhagan (1987), Klein (1989), and Brown & Smiley (1977).

The fact that females reported higher depression scores than the
males agrees with findings of Nolen-Hoekseraa (1987), in which a review

of both treated patients and community samples indicated that the rate
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of depressed females to males in the United States Is about 1.8 to 1.
It 1s interesting that the young females iIn this study scored higher on
depression than all other groups. This result does not agree with two
studies demonstrating no sex differences for depression among college
students (Hammen & Padesky, 1977; Stangler & Printz, 1980). One
possible explanation for this discrepancy is that the female students in
the present study were tested during days 1-5 of the menstrual cycle, a
time of lowered estrogen production. It would be i".ceresting to test
young females for depression at other phases of the menstrual cycle.
There was no interaction between caffeine consumption and level of
depression under the conditions of this study.

Although young subjects were more impulsive than the elderly, it is
interesting to note that no interaction was found between caffeine
consumption and impulsivity. Sternhagan (1987), found that although
high impulsive males remembered less than low impulsive males when using
expository stories, there was no caffeine by impulsivity interaction.

On the other hand, Revelle (1980) demonstrated an impulsivity by
caffeine by time of day interaction. For high Impulsive subjects,
caffeine facilitated performance in the morning, but impaired
performance in the evening. However, caffeine impaired performance in
the morning and facilitated performance in the evening for low impulsLve
subjects. Failure to find significant effects of caffeine and
impulsivity for subjects tested in the morning in this study could be
due to differences between chronic and acute caffeine consumption. The
studies by Sternhagen and Revelle involved having subjects ingest 0, 2,

or 4 mg. of caffeine. The present study Involved chronic caffeine
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consumption only. It is possible that no caffeine consumption by
impulsivity interaction was found because the subjects had habituated to
the effects of caffeine.

Significant group differences were found with WAIS vocabulary
scores: the elderly scored higher than the young, while males scored
higher than females. The differences in vocabulary between age groups
masked the traditional differences in memory; when these differences
were removed using analysis of covariance, the expected age differences
in memory for prose passages emerged, with the young remembering
significantly more than the elderly. In addition, previously described
gender differences in recall disappeared, indicating that former
differences in recall between males and females were due to differences
in verbal ability. These results agree with those of Petros, et al.
(1983), who found that younger adults remembered more than elderly
adults in a prose memory task and that subjects from all groups favored
the main ideas in their recalls. Smith (1983), in a study of story
structure and adult age differences in recall found results which
support models of age-related differences in memory when material must
be organized or placed in a hierarchy. Rice & Meyer (1986) found that a
decrease in quantity of recall appears with increasing age, although the
magnitude of age deficits in memory is ameliorated with increasing
verbal ability.

An interesting incidental finding in this study involves caffeine
consumption differences between age groups. While subjects in young and
elderly groups were matched for amount of caffeine consumed, the sources

of caffeine differed markedly between groups. While elderly subjects
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derived about 87% of caffeine consumed from coffee or tea, young people
obtained only about 55% of their caffeine from this source. Thirty nine
percent of caffeine consumed by the young and only 6% of that consumed
by the elderly came from caffeinated soft drinks. Forty seven percent
of young subjects mentioned in the questionaire that they did not drink
coffee or tea because they "did not like the taste”. Another incidental
finding was an age difference in responses regarding coffee on the
Caffeine Questionaire. Consumption of coffee was assessed by two
different questions - one more general (“'during an average day, how much
coffee do you drink?"), and one more specific (‘on the average, how many
cups of coffee do you drink at each of the following times: before
breakfast, with breakfast, etc?"). Twenty-nine percent of each group
gave answers on the general question which differed significantly from
the answer on the specific question. The young tended to provide lower
estimates of their consumption of caffeine on the general question and
then increase the amount of caffeine consumed when answering more
specifically (average increase > 71.5 mg/day). The elderly tended to
provide higher estimates of their caffeine consumption on the general
guestion. The average decrease when answering the more specific
qguestion for elderly was 122 mg/day.

The findings of this study provide a baseline for further research
in the area of caffeine, memory, and aging. While chronic consumption
of caffeine had no effect on memory for prose passages under the
conditions of this study, it could be important to examine the effects
of acute administration of caffeine on memory for prose in both young

and elderly as a function of chronic consumption of caffeine. Also,
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because of the finding that young females scored higher on depression in
the first five days of the menstrual cycle, it would be interesting to
examine differences in depression scores in young females at different
phases of the menstrual cycle in relation to caffeine and memory. Since
it is possible that estrogen levels may influence effects of caffeine on
memory, comparisons with young females taking oral contraceptives might
also show interesting results. Another way to approach a study such as
this would be to actually measure estrogen levels in females and compare

these to effects of caffeine and memory.
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1. SNAILS ARE FASCINATING LITTLE CREATURES.

2. THERE ARE SEVERAL DIFFERENT TYPES OF SNALLS

3. THAT VARY IN THEIR SIZE, SHAPE, AND COLOR.

4. SNAILS ARE PRIMARILY FOUND IN THE OCEANS AND SEAS.

5. HOWEVER, IN WARMER REGIONS OF THE WORLD SOME SNAILS ARE ALSO FOUND ON
LAND.

6. SNAILS HAVE BEEN AROUND FOR A LONG TIME

7. AND HAVE BEEN UTILIZED FOR SEVERAL DIFFERENT PURPOSES.

8. THE VARIOUS TYPES OF SNAILS DIFFER WIDELY IN THEIR COLORS.

9. THE BRIGHTEST COLORED SNAILS ARE THE MOST POPULAR WITH COLLECTORS.
10. THE COLOR OF A SNAIL DEPENDS ON WHAT IT EATS.

11. MOST SNAILS EAT PLANTS.

12. NEARLY EVERY SNAIL HAS A SPIRAL SHELL,

13. WHICH IT CARRIES ON ITS BACK.

14. THE SHELL 1S MADE FROM A HARD LIME

15. THAT SERVES AS PROTECTION FOR THE SNAIL FROM ENEMIES.

16. THE SHELL ALSO SERVES AS PROTECTION AGAINST EXTREME VARIATIONS IN
HOT AND COLD WEATHER.

17. FINALLY, THE SHELL KEEPS THE SNAIL FROM DRYING OUT.

18. ALL THROUGH THE AGES PEOPLE HAVE UTILIZED SNAIL SHELLS FOR MANY
PURPOSES.

19. IN ANCIENT TIMES THE SHELL WAS USED AS CURRENCY.

20. MORE RECENTLY, SOME SNAIL SHELLS HAVE BEEN GROUND UP

21. AND USED IN THE PRODUCTION OF CERTAIN MEDICINES.

22. WHILE OTHER SNAIL SHELLS HAVE BEEN USED TO MAKE JEWELRY.

23. FINALLY, SOME PEOPLE HAVE USED SNAIL SHELLS TO DECORATE THE INSIDE
OF THEIR HOUSES.
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ONE OF THE MOST INTERESTING RIDDLES ABOUT BIRD MIGRATION 1S THE
QUESTION OF HOW DO BIRDS KNOW WHICH DIRECTION TO FLY.

. MANY OF THE BIRDS IN THE WORLD MIGRATE EACH YEAR.

SOME BIRDS TRAVEL THOUSANDS OF MILES.

UNFORTUNATELY, THERE IS NO WAY TO TELL WHAT SIGHTS, SMELLS, OR OTHER
SIGNALS GUIDE A BIRD TO THE SAME WINTERING PLACE YEAR AFTER YEAR.

ONE EXPLANATION OF BIRD MIGRATION BELIEVES THAT BIRDS NAVIGATE DURING
THEIR MIGRATION BY USING LANDMARKS

SUCH AS RIVERS AND MOUNTAIN RANGES,

. AND ONLY PIECE THE TRIP TOGETHER AS THEY GO.

HOWEVER, THIS EXPLANATION CANNOT ACCOUNT FOR THE RESULTS OF EARLY
STUDIES DONE WITH SEA BIRDS.

IN THESE STUDIES SEA BIRDS WERE REMOVED FROM THEIR NEST ON AN ISLAND
OFF THE COAST OF ENGLAND,

MOVED TO BOSTON, MASSACHUSETTS,

AND THEN WERE SET FREE.

IN TWO WEEKS, THESE BIRDS HAD RETURNED TO THEIR NEST
AFTER CROSSING THE FEATURELESS ATLANTIC OCEAN.

ANOTHER EXPLANATIO