


Report Documentation Page Form Approved
OMB No. 0704-0188

Public reporting burden for the collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering and
maintaining the data needed, and completing and reviewing the collection of information. Send comments regarding this burden estimate or any other aspect of this collection of information,
including suggestions for reducing this burden, to Washington Headquarters Services, Directorate for Information Operations and Reports, 1215 Jefferson Davis Highway, Suite 1204, Arlington
VA 22202-4302. Respondents should be aware that notwithstanding any other provision of law, no person shall be subject to a penalty for failing to comply with a collection of information if it
does not display a currently valid OMB control number. 

1. REPORT DATE 
NOV 1987 

2. REPORT TYPE 
N/A 

3. DATES COVERED 
  -   

4. TITLE AND SUBTITLE 
Effects of naloxone on Stress and Performance 

5a. CONTRACT NUMBER 

5b. GRANT NUMBER 

5c. PROGRAM ELEMENT NUMBER 

6. AUTHOR(S) 5d. PROJECT NUMBER 

5e. TASK NUMBER 

5f. WORK UNIT NUMBER 

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 
Uniformed Services University Of The Health Sciences Bethesda, MD 
20814 

8. PERFORMING ORGANIZATION
REPORT NUMBER 

9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSOR/MONITOR’S ACRONYM(S) 

11. SPONSOR/MONITOR’S REPORT 
NUMBER(S) 

12. DISTRIBUTION/AVAILABILITY STATEMENT 
Approved for public release, distribution unlimited 

13. SUPPLEMENTARY NOTES 

14. ABSTRACT 

15. SUBJECT TERMS 

16. SECURITY CLASSIFICATION OF: 17. LIMITATION OF 
ABSTRACT 

SAR 

18. NUMBER
OF PAGES 

156 

19a. NAME OF
RESPONSIBLE PERSON 

a. REPORT 
unclassified 

b. ABSTRACT 
unclassified 

c. THIS PAGE 
unclassified 

Standard Form 298 (Rev. 8-98) 
Prescribed by ANSI Std Z39-18 



GRADUATE AND 
CONTINUING EDUCATION 

UNIFORMED SERVICES UNIVERSITY OF THE HEALTH SCIENCES 
F. EDWARD HEBERT SCHOOL OF MEDICINE 

4301 JONES BRIDGE ROAD 
BETHESDA, MARYLAND 20814-4799 

APPROVAL SHEE.r 
TEACHING HOSPITALS 

WALTER REED ARMY MEDICAL CENTER 

NAVAL HOSPITAL, BETHESDA 

MALCOLM GROW AIR FORCE MEDICAL CENTER 

WILFORD HALL AIR FORCE MEDICAL CENTER 

Title of Thesis: Effects of Naloxone on Stress and Performance 

Name of Candidate: Laura M. Davidson 
Doctor of Philosophy Degree 
November 10, 19f57 

Thesis and Abstract Approved: 

i 

fu N&-v 11· ~1 
Date 

1 D fllrr.' I Cf87 
Date 



The author hereby certifies that the use of any copyrighted 
material in the dissertation manuscript entitled: 

"Effects of Naloxone on Stress and Performance" 

beyond brief excerpts is with the permission of the copyright 
owner, and will save and hold harmless the Uniformed Services 
University of the Health Sciences from any damage which may 
arise from such copyright violations. 

ii 

~ l/)1cUufJeV!-t.d 5tn 
Laura Marie Davidson 
Department of Medical Psychology 
Uniformed Services University 

of the Health Sciences 



ABSTRACT 

Title of Dissertation: Effects of Naloxone on Stress and 
Performance 

Laura M. Davidson, Doctor of Philosophy, 1987 

Dissertation directed by: Andrew Baum, Ph.D., Department of 
Medical Psychology 

Studies suggest that exposure to unpredictable stressors 

results in perf ormance deficits following stressor termi nation. 

St r essor exposure may also be accompanied by activation of the 

endogenous opioid system which may play a role in affective 

responding to stressors. It is poss i ble that opioid effects 

are related to these afteref fects of stress because opioids 

cause effects that a r e similar to aftereffects. The major 

hypothesis of this study was that naloxone, a n opioid 

antagonist, would ameliorate aftereffects due to exposure to 

uncontrollable noise. It was also hypothesized that naloxone 

would increase the reported aversiveness of the stressor, but 

would have no effect on simpl e performance during stressor 

exposure. 

A total of 40 male subjects participated in this study. 

Naloxone or saline was administered prior to exposure to 23 

minutes of random intermittent bursts of 100 to 1 08 dBA noise 

or silence. Mood was assessed three times throughout the 

experimental session; before the injection, four minutes 

following the injection, and following the twenty-three mi nutes 

of noise or silence. During the period of twenty-three minutes 

of noise or silence, subject s worked on an addition task, a 
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number comparison task, and a letter finding task. Following 

the stressor manipulation, and after rating the ave r siveness of 

the twenty-three minute period, subjects worked on three 

aftereffects performance measures. They worked on a five 

minute proofreading task, a five minute encoding task , and a 

line tracing puzz l e task. 

Results replicated previous work on the effects of noise 

on performance. Subjects exposed to noise rated the session as 

more aversive and performed more poorly on the proofreading and 

the encoding tasks . Contrary to predictions, naloxone did not 

ameliorate the performance deficits associated with the noise 

exposure. Naloxone, however, was associated with some changes 

in mood and performance . Subjects given naloxone were less 

hostile following the injection . And, subjects given naloxone 

and exposed to noise performed more poorly on the addition 

problems than subjects given saline. Subjects given naloxone 

did not rate the noise as more aversive than sal i ne subjects. 

In short, naloxone failed to improve performance following the 

stressor. Some possible explanations for this failure are 

examined. 
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Introduction 

Stress is the process by which events threaten an 

organism and the way in which the organism responds to that 

threat (Baum, Singer, & Baum, 1981) . It is an interactive 

process between the person and the environment which involves 

perceiving, coping, and adapting to a stressor. Stress may 

also be viewed as a "whole body" response because it has been 

associated with a variety of physiological and psychological 

changes including hormonal changes, cardiovascular changes, 

(heart rate and blood pressure) and increases in anxiety and 

depression (Baum, Singer, & Baum, 1981) . 

This research explored the role of physiological 

changes during stress in the development of psychological 

aftereffects of stress. It was hypothesized that the release 

of endogenous opioid peptides during stress was responsible 

for the behavioral and performance decrements which have been 

documented to occur following stressor exposure. Before 

considering the present study, the nature of physiological 

changes that occur during stress will be reviewed. Emphasis 

in this review will be on the so called "classical stress" 

hormones and opioid peptides which may also serve as 

hormone-like substances. In addition, psychological aspects 

of stress will be discussed. Mediators of stress aftereffects 

will be given particular attention. Finally, hypotheses 

relating opioid peptides and aftereffects will be derived. 

The Stress Process 

Although most people are familiar with the concept of 

stress, there continues to be a debate over its exact 
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definition. Stress has been used to refer to an environmental 

condition, the appraisal of that condition, response to 

environmental conditions, appraisal of threat, and to the 

interaction between the person and the environmental condition 

(Kasl, 1984). This lack of agreement over the definition has 

led to considerable confusion in the literature. Results and 

interpretations of studies differ, depending on the definition 

used and some argue that "stress" has little value because of 

this lack of conceptual clarity. Others, however, indicate 

the usefulness of stress as an heuristic that suggests 

mechanisms by which bodily responses and psychological states 

may derive from environmental events. 

Theories that have been derived from one or another of 

these definitions have focused on different mechanisms or 

sequences of events. For example, Seyle's (1976) model is 

mainly physiological, focusing on adrenal cortical activity, 

while Lazarus's (1966) model focuses on psychological factors 

and appraisal. The development of independent literatures on 

physiological and psychological stress has contributed to 

confusion about stress. 

Physiology of Stress 

Cannon (1914) was the first modern scientist to 

describe the response of an organism to a severe environmental 

stressor. When confronted by danger, the organism readies 

itself to respond; Cannon referred to features of this 

readying response as the emergency responses or the "fi ght or 

flight" reaction. Focusing on adrenal medullary act i vity, 

Cannon associated response to danger with sympathetic arousal 
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involving discharge of epinephrine from the adrenal glands. 

Hans Selye is considered by many to be the father of 

modern stress research. Although his role in popularizing the 

concept of stress is undeniab l e, his model has been 

criticized, revised, and expanded by other researchers. In 

the early part of the twentieth century, Selye (1936) found 

that a variety o f different stimuli, ranging from physical 

stressors such as injection of foreign substances in the body, 

exposure to temperature variation, and exercise, to 

psychological stressors, could produce the same triad of 

responses in an organism. The triad included enlargement of 

the adrenal glands, involution of the thymus, and 

gastrointestinal ulcerations. Because all stressors resulted 

in the same triad, the process by which these effects were 

generated was said to be nonspecifically induced. 

Selye further described the process of stress as driven 

by the pituitary-adrenal cortical axis and called it the 

general adaptation syndrome (GAS: Selye, 1956). The syndrome 

consisted of three stages. The first phase was alarm, during 

which the organism encountered the stressor and readied itself 

to respond. When adaptive reserves were ready and had been 

released in the form of corticosteriod discharge, the stage of 

resistence was reached. If the stressors lasted l ong enough 

or adaptive reserves were not great enough, exhaustion could 

occur. During exhaustion, diseases of adaptation were likely 

to be seen and death could result. 

Subsequent to these contributions, a number of models 

of stress have emphasized psychological aspects of stress 



rather than physiological mechanisms and some have focused on 

the interaction of psychological and physiological changes 

during stress. Mason (1975), for example, argued that stress 

was neither nonspecific nor unitary as Selye had argued and 

that patterning of endocrinological responses occurred for 

different stressors depending on psychological meaning. Mason 

argued that Selye found a nonspecific response because all of 

his stressors were accompanied by emotional responding. When 

Mason controlled for psychological distress, different 

hormonal patterns emerged for different stressors. Mason 

further emphasized the role of psychological factors in stress 

responding; he felt that psychological awareness was necessary 

for stress to occur and if stressors were not perceived as 

such, stress responding was unlikely (Mason, 1968). 

Frankenhaeuser (1972) further highlighted the importance of 

psychological factors in eliciting a physiological response to 

stress by showing that adrenal medullary responses to 

situations varied with psychological variables such as 

perceived control. Psychological components of stress will be 

addressed in greater depth later in this chapter. 

Stress Hormones 

Originating from Cannon and Selye's work, much of the 

early stress research focused on the responses of the adrenal 

glands during stress. Cannon (1935) focused his attention on 

the sympathomedullary system, recognizing the role of 

epinephrine released during periods of stress. Selye (1956) 

later f ocused his attention on the adrenal cortex, and the 

release of ACTH and cortisol during stress. Other hormones 
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have been found to fluctuate during stress as well and they 

appear to play an adaptive role in the organisms response to a 

stressor. 

Adrenal hormones. More than thirty steroids have been 

isolated from the adrenal cortex. In humans, two are primary; 

the major hormones secreted by this portion of the gland are 

aldosterone and cortisol. Aldosterone is the primary 

mineralocorticoid, responsible, among other things, for 

regulating the electrolyte balance of sodium and potassium in 

the body. Investigators have found that aldosterone levels 

are elevated during times of anxiety or stress such as 

examination periods and surgery (e.g., Venning, Dyrenfurth, & 

Beck, 1957: Genest, 1957). Cortisol is the primary 

glucocorticoid released by the adrenal cortex in humans. 

Glucocorticoids operate to increase blood glucose 

concentration, play an important role in protein and fat 

mobilization, and have a potent anti-inflammatory effect. 

Selye's work on stress focused primarily on the 

relationship between stress and the pituitary adrenal cortical 

axis. According to Sel ye (1976), the alarm phase of the GAS 

is characterized by secretion of adrenocorticotropic hormone 

(ACTH) from the pituitary. ACTH in turn stimulates the 

production of cortisol by the adrenal cortex. In fact, 

research has shown that a wide variety of stressors are 

associated with immediate increases in ACTH followed by rising 

levels of cortisol (Rose, 1980) . The exact adaptive nature of 

this response is not well understood, but it probably serves 

to mobilize energy stores in times of need. 
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Cortisol elevations have been found in chronically 

ill patients, during pregnancy, in some psychiatric 

conditions, as well as during emotional distress associated 

with oral examinations, exercise, and surgery (e.g., Moncrief, 

Weichselbaum, & Elman, 1954; Bayliss, 1955; Bridges & Jones, 

19 67) . Findings in animals and humans suggest that 

adrenocortical activity adapts rather rapidly to periods of 

chronic stress (Rose, 1980) . Further, re-exposure to the same 

stressor fails to reinitiate the original response (Rose, 

1980) . 

Sympathomedullary response during stress, centering on 

the adrenal medulla, has long been recognized as playing a 

primary role in the stress response (Cannon, 1914). The 

adrenal medulla is functionally analogous to a postganglionic 

neuron of the sympathetic nervous system. It contains 

chromaffin cells that secrete the hormones epinephrine and 

norepinephrine directly into central circulation. Concurrent 

sympathetic nervous system arousal, also involving release of 

norepinephrine by sympathetic nerve endings, is intensified 

and extended by this medullary activity. The actions of 

medullary hormones are about the same as the actions which 

result from direct sympathetic stimulation, but their effects 

last about ten times longer because it takes longer to clear 

these hormones from circulation than when released at a 

synapse (Guyton, 1976) . 

Norepinephrine and epinephrine have similar actions. 

They both increase basal metabolic rate, as well as rate and 

force of contraction of the heart, they cause dilation of the 
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pupil and the bronchi and constrict blood vessels. 
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I 
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Epinephrine has a greater effect on basal metabolic rate and 
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on cardiac activity . Vasoconstriction is influenced by levels 

of epinephrine and norepinephrine, but the former has less 
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overall effect on blood vessels (Guyton, 1976; see table 1) 
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The adrenal medulla is ordinarily stimulated whenever $ 

~ j 
any other part of the sympathetic nervous system is f 

0 
responding. Hence, hormones secreted by the medulla often / 
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provide indirect stimulation to organs directly innervated by 
~ , 
I 

sympathetic nerves. Research indicates that catecholamine 

discharge is a consequence of exposure to such stressors as 

emotional distress, noise, pain, hemorrhage, trauma, and 

anesthesia (Levi, 1965; Ortiz, Arguelles, Crespin, Sposari, & 

Villafane, 1974; Frankenhaeuser, 1972). But, epinephrine and 

norepinephrine are not necessarily released simulataneously. 

Frankenhaeuser (1975) reported that stressors which are 

characterized by novelty, anticipation, or unpredictability 

are associated with rising levels of epinephrine . Situations 

which require effort, attention, or vigilance more often lead 

to norepinephrine secretion. Mason (1975) also suggested that 

epinephrine and norepinephrine levels vary with the nature of 

a stressor. For example, situations characterized by threat 

or unpleasantness may be associated with increases in 

norepinephrine. When uncertainty is introduced epinephrine 

and norepinephrine levels increase. Unlike the pituitary 

adrenal cortical system which adapts readily to stress, 

catecholamines are more resistent to such an effect (Rose, 

1980) . Rose (1980) suggests that this resistence may be 



because catecholamines are more easily replenished following 

discharge than cortisol (Rose, 1980) . 

Other metabolic hormones. Stress responding also 

influences the release of other hormones which are related to 

energy mobilization including growth hormone, insulin, and 

glucagon. Growth hormone responds to stress in much the same 

way as cortisol and catecholamines; however, stimulus 

intensity must be greater for concomitant discharge of growth 

hormone (Rose, 1980) . Nevertheless, growth hormone increases 

in response to a variety of situations including surgery, 

physical exercise, stressful movies, examinations, and 

venipuncture (Newsome & Rose, 1971; Rose & Hurst, 1975; 

Salter, Fluck, & Stimmler, 1972; Syvalahti, Lammintauta, & 

Pekkarinen, 1976) . Researchers have found contradictory 

results while measuring insulin levels during stress. Some 

have found increases, other no change, and still others have 

found decreases (Selye, 1976). On the other hand, glucagon 

produces a clearer pattern of response. Plasma glucagon 

l evels are increased by stressors such as noise, injury, 

fasting, and exercise (Selye, 1976). 

Hormones involved in ovulation can be affected by 

stress. Acute stress has been found to increase luteinizing 

hormone (LH) and follicle-stimulating hormone (FSH) in rats as 

rapidly as two minutes following a stressor (Ajika, Kalra, 

Fawcett, Krulich, & McCann, 1972). FSH and LH are anterior 

pituitary hormones which cycle in the female to cause ovarian 

change necessary for fertility. Other studies have found 

changes in FSH secretion in rats following stress but not in 
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LH secretion (Kawakami, Terasawa , & Arita, 1974) . Carstensen , 

Arnir , Wide, & Arner (1973) found no change in FSH production 

following surgery among h u man subjects, but did find changes 

in LH secretion . In general , much of the evidence on ovarian 

functioning indicates that acute stress leads to ovulation 

whereas chronic stress is associated with amenorrhea (Selye, 

1976) . Also, prolactin (LTH) , the hormone responsib l e for 

l actation or milk production, changes durin g stress . This 

hormone has been implicated in other functions including 

osmoregulation and androgen metabolism. A variety of 

stressors including blood loss, laparotomy, cold exposure , and 

restraint increase LTH levels or induce lactation in 

laboratory animals (Kant, Meyerhoff , Bunnell , & Lenox , 1982; 

Nicoll, Talwalker & Meites , 1960; Grosvenor, 1965). In 

humans, prolactin rises during surgery , other medical 

procedures including pelvic examinat i on , and parachute jumping 

(Eversmann, Gottsmann, Uhlich, 1978 ; Koninckx , 1 978 ; Noe l , 

Suh, & Stone, 1972) . 

Stress and Opioid Peptides 

Although it has been known for years that stress 

interacts with a number of endogenous regulating systems, 

interest in the interaction b etween stress and the e n dogenous 

opioid peptide (EOP) system is more recent . Research now 

suggest s that the EOP system is intimately involved in the 

stress process. In addition to interacting wi th and perhaps 

even regulating the release of many of the nstress hormones , n 

the wide distribution of opioids i n the CNS suggests that they 

may p l ay an important role in affective responding d u ring 
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stress. 

For more than thirty years the actions of exogenous 

peptides such as morphine have been hypothesized to act 

through interactions with a receptor system (Beckett & easy, 

1954) . However, it was not until 1973 that opioid receptors 

were found in mammalian tissue (Pert & Snyder, 1973; Simon, 

Hiller, & Edelman, 1973; Terenius, 1973). The discovery of 

specific opioid receptors was responsible for a tremendous 

amount of subsequent progress in the field. 

The receptor molecules are specific recognition sites 

for opioids and hence are the cellular mediators for their 

action. Today, three major groups of endogenous peptides are 

recognized. The first two naturally occurring peptides that 

were found were pentapeptides differing only at the carboxyl 

terminal amino acid (Hughes, Smith, Kosterlitz, Fothergill, 

Morgan, & Morris, 1975). They were called 

methionine-enkephalin and leucine-enkephalin (from enkephalos; 

i n the head) . By 1976 part of beta-lipotropin (beta-LPH) was 

found to have opioid activity and this portion was named 

beta-endorphin (beta-EP; beta being derived from beta-LPH, 

endo meaning endogenous, and orphin from morphine) (Li & 

Chung, 1976). Other fragments of beta-LPH with opioid 

activity include alpha-endorphin and gamma-endorphin 

(Bradbury, Smyth, Snell, Birdsall, & Halme, 1976; Ling, 

Burgus, & Guillemin, 1976). The final set of endogenous 

opioids that were discovered include the dynorphin family 

(from Greek dynamis because of their potency) (Goldstein, 

Tachibana, Lowney, Hunkapiller, & Hood, 1979) which also 



include alpha-nee-endorphin (Kangawa & Matsuo, 1979) and 

beta-nee-endorphin (Menamino, Kangawa, Chino, Sakakibara, & 

Matsuo, 1981) . 

Actions. The actions of the endogenous opioids are 

similar to those of morphine and its relatives. Morphine and 

related opioids produce their main effects on the central 

nervous system and bowel. In terms of their action on the CNS 

they produce analgesia, drowsiness, changes in mood including 

euphoria, and mental clouding (Reynolds & Randall, 1957) . 

Opiates have been used for centuries for their analgesic 

action, but seem not to alter the perception of pain so much 

as the affective response to pain. Snyder (1977), for 

example, reported that although patients could still feel pain 

following morphine injection, it was no longer bothersome to 

them. These affective properties may be adaptive during times 

of stress. They may, for example, permit the organism to 

function more effectively by allowing escape rather than 

paralysis. Opioids may also facilitate narrowing of attention 

to allow an organism to ignore irrelevant stimuli. 

Opioids also cause pupillary constriction, respiratory 

depression, and stimulation of the chemoreceptor trigger zone 

which causes nausea and vomiting. Although they have no major 

effect on blood pressure or on cardiac rate or rhythm, their 

effects on the GI system are diverse (Guyton, 1976). They 

decrease the tone and motility in the antral portion of the 

stomach and propulsive actions are diminished in the small 

intestines and colon. Other actions of opioids which have 

received attention include their effects on aging, core 
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temperature, locomotion, shock, respiration, eating and 

drinking, learning and memory, mental illness, gastric and 

renal activity, neurological disorders, and hormones. 

Distribution of EOPs. The three general types of 

opioid peptides are found in separate neuronal networks. The 

beta-endorphin system, whose common precursor along with ACTH 

is pre-proopiornelanocortin, (Nakanshi, Inoue, Kita, Nakamura, 

Chang, Cohen, & Nurna, 1979) consists of cells which originate 

in the hypothalamus and project long axons a l ong the third 

ventricle and into the brain stem (Barchas, Akil, & Elliott, 

1981) . Regions in the brain with the highest concentration of 

beta-endorphin include the arcuate region of the hypothalamus 

and the periaqueductal gray of the brain stern (Kreiger, 1982). 

Outside of the brain in rodents, beta-endorphin concentrations 

are highest in the intermediate lobe of the pituitary, with 

lesser amounts found in the other lobes (Imura & Nakai, 1981) . 

Since humans do not have an intermediate lobe, concentrations 

of beta-endorphin in the pituitary are much lower. 

Beta-endorphin has also been found in the gut, placenta, male 

reproductive tract, thyroid gland, lung, and pancreas in 

mammals (Kalin & Loevinger, 1983). 

The common precursor for the enkephalin family is 

called pre-proenkephalin (Cox, 1982) . Enkephalins are more 

widely distributed in the brain than are endorphins. This 

system consists of numerous cell bodies which have much 

shorter projections than those of the endorphins (Miller & 

Pickel, 1980) . Highest concentrations of enkephalins are in 

the basal ganglia, globus pallidus, caudate, and putamen 
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(Miller & Pickel, 1 980) . Other areas of distribution include 

the hypothalamus, pe r iaqueductal gray, and limbic structures , 

such as the amygdala and h i ppoc ampus (Mil l er & Pickel , 1 980 ) . 
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Brain stem structures with high concentration of enkephalins 
1 

include t h e subst antia .nigra, raphe nuclei , locus ceru l eus, 

and reticular formation . Enkephalins are also found in the 

spina l cord (Stengard-Pederson & Larsson, 1981 ) . Peripheral 

structures with e nkephalin activit y inc l ude the intermediate 

lobe of the pitu i t ary in rodents and the posterior lobe of the 

pituitary in rodents and humans, the adrenal medulla, gut , 

sympathetic ganglia, vagus , retinal , and carotid body (Kalin & 

Loevinger, 1983). 

There i s a close similar i ty between the distribution of 

the enkephalin fa mily and the dynorphin family. The dynorph in 

system i s found in the hypothalamus, basal ganglia , 

hippocampus , amygdala, periaqueductal gray , substa n t ia nigra, 

locus ceruleus, and the dorsal horn of the spinal co r d 

(Botticelli , Cox , & Goldstein, 1981; Weber , Roth , & Barchas, 

1982) . In the pituitary , dynorphin is found main l y in the 

poster i or l obe , and other areas of distribution inc lude the 

gut and t h e adrenal medulla (Tachi bana , Araki , Ohya , & 

Yoshida, 1982; Watson & Akil , 1981) . 

The areas of greatest op i oid distribution suggest that 

they may play a major ro l e in t he affect i ve respo n s e to 

painful stimuli and oth e r types of behavioral regulation. 

They are concentrated in both the s ubstantia gelatinosa of the 

spinal cord and the l imbic system structures including the 

hypothalamus, thalamus, and amygdala . The substantia 



gelatinosa may be influential in the primary processing of 

painful stimuli. According to Melzack and Wall's (1965) 

gate-control theory of pain a critical amount of information 

must first be processed in the substantia gelatinosa before a 

signal is sent to highe r brain centers which ultimately 

mediate painful experiences. Although the exact role of the 

substantia gelatinosa in pain processing has since been 

questioned, the role of the spinal cord in pain processing is 

undeniable (Wall, 1978) . The thalamus, which also contains 

large numbers of op i oid peptides, regulates hot, cold, touch, 

and pain sensations (Bakal, 1979). The amygdala plays a role 

in aggressive behavior (Bakal, 1979) . Finally, the 

hypothalamus is involved in emotional responses (Bakal, 1979) 

These areas of distribution support the notion that opioids 

play a role in affective response to stress and may influence 

the outcome of stressor exposure by mediating the appraisal of 

stressful events. 

Receptors. There is general agreement that there are 

at least three receptor subtypes for the opioids and perhaps 

even more. When an opioid interacts with a receptor binding 

site a structural change ensues which leads to an observed 

response such as pain blockade. Other drugs may also interact 

with a particular binding site, but they do not lead to the 

configurational change which is necessary for opioid action. 

The three main receptor types are the mu, delta, and kappa 

receptors. The mu receptor has the greatest affinity for 

morphine. This receptor is t hought to be involved in 

analgesia. The Kappa receptor binds ketocyclazacine and may 
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be related to sedative and ataxic effects. The delta receptor 

binds preferential ly with enkephalin-like opioids and may 

produce psychotic-like effects. The endogenous peptides each 

have preferential affinity for different opioid receptors. 

Whereas endorphins have equal affinity for the mu and delta 

receptors, met-enkephalin and leu-enkephalin bind at the delta 

receptor, and the fragments of pre-prodynorphin bind to the 

kappa receptor. To sum up the receptor effects, the mu 

receptor is primarily involved i n analgesia, the kappa 

receptor is involved in sedation and ataxia, and the delta 

receptor is responsible psychotic-like effects 

Relationship Between EOP System and Stress Hormones 

Endogenous opioid peptides interact with many of the 

stress-related hormones discussed previously including 

cortisol, catecholamines, follicle stimulating hormone, 

luteinizing hormome, prolactin, and growth hormone. The 

relationship between EOPs and stress hormones suggests that 

the EOP system plays and important role in stress adaptation. 

Whereas rnet-enkephalin decreases the production of both 

glucocorticoids and mineralocorticoids from the adrenal 

cortex, beta-endorphin increases the formation of 

glucoc orticoids alone (Millan & Herz, 1985) . Opioids also 

influence the adrenal cortex indirectly by their effects on 

ACTH; in humans, exogenous opiates stimulate the production of 

ACTH (Von Graffenreid, del Pozo, Rubieck, Krebs, Poldinger, 

Burmeirster, & Kerp, 1978). Evidence suggests that the same 

environmental stimuli simultaneously trigger the 

pituitary-adrenal axis and the EOP system probably because CRH 
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simultaneously causes the release of endorphins and ACTH from 

the anterior pituitary (Baizman, Cox, Osman, & Goldstein, I 

1979; Vale, Speiss, Rivier, 1981). Stressors like limb 

fracture, foot shock, heat stress, insulin-induced 

hypoglycemia, ingestion of hypertonic saline and 

immobilization have been shown to cause activation of both 

systems (Guillemin, Vargo, Rossier, Minick, Ling, Rivier, 

Vale, & Bloom, 1977). 

EOPs also play a role in adrenal medullary response to 

stress. Since morphine influences epinephrine synthesis, 

storage, and release and the adrenal medulla contains large 

numbers of opioid receptors, EOPs are probably capable of 

producing catecholamine release from the adrenal medulla 

(Anderson & Slotkin, 1976; Chavkin, James, & Goldstein, 1979) 

The administration of opioids does in fact enhance sympathetic 

tone by the release of catecholamines into central circulation 

(van Loon & Appel, 1983). Because this phenomenon is 

abolished by adrenal denervation and demedullation, it 

undoubtedly results from the association between opioids and 

catecholamines in the chromaffin cells within the medulla 

(Millan & Herz, 1985) . 

Opioids also influence luteinizing hormone and follicle 

stimulating hormone. Exogenous opiates inhibit their release. 

Since the opioid antagonist naloxone increases both hormones, 

EOPs probably exert a tonic inhibitory influence on these two 

hormones (Meites, Bruni, Vugt, & Smith, 1980). These results 

suggest that EOPs may help to regulate gonadotropin levels 

during stress. 
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Finally, both endogenous and exogenous opioids 

stimulate growth hormone release. Naloxone is capable of 

antagonizing this effect (Bruni, Vugt, Marshall, & Meites, 

1977). However, since naloxone does not influence basal 

levels of GH, it is unlikely that EOPs play a major role in 

the regulation of this system (Martin, Talis, Wood, & Guyda, 

1979) . 

Measurement of Opioid Activity 

Three strategies have been used to study the activity 

of the endogenous opioid system; they are administration of 

opioid antagonists, administration of agonists, and direct 

measurement of opioids in body fluids. Although all three 

methods are discussed here because of the pharmacodynamic 

information they provide, measuring opioids in body fluids 

also can be a useful way of establishing the pharmacokinetics 

of opioids. 

One of the most widely used methods to study endogenous 

opioid activity is by administration of naloxone. Naloxone is 

an almost pure opioid antagonist with no intrinsic action of 

its own and hence has proven to be a useful tool to 

researchers. Changes which occur following administration of 

naloxone suggest prior activation of the endogenous opioid I'; ... 
, ; 

system. It acts as a competitive antagonist for opioid 

receptors, therefore blocking the effects of most opioids. 

Although naloxone has its highest affinity for the mu 

receptor, at higher concentrations it will antagonize the 

action of agonists at the delta and kappa receptors. 

Following intravenous (i.v.) injection of naloxone, the onset 
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of action is one to two minutes. The drug can also be given 

subcutaneously or intermuscularly, but under these 

circumstances the onset of action is delayed. After 

intravenous injection the effects last from 45 to 70 minutes, 

but the duration is prolonged following intermuscular or 

subcutaneous injection. 

The side effects of naloxone are minimal. Lasagna 

(1977) noted a strange biphasic reaction with this drug; 

doses less than 2 milligrams in humans cause analgesia whereas 

higher doses cause hyperalgesia. No adverse reactions have 

been seen in doses up to 24 milligrams i.v. (Drug Theraputics 

Bulletin, 1981). Doses ranging form 1.2 mg to 20 mg cause no 

change in heart rate, respiration, or blood pressure (Willer, 

-Boureau, Dauther, & Bonora, 1979; Voluvk, Bauman, Pevnick, · v . -
Reker, James, & Cho, 1980). However, in doses in the 2 mg/kg 

range Cohen, Cohen, Pickar, Murphy, & Bunney (1981) found a 

dose dependent increase in systolic blood pressure and heart 

rate. It is unknown whether these results indicate a tonic 

activation of the EOP system which was not apparent with low 

doses of naloxone, or whether naloxone had actions of its own 

at high doses. Although some researchers have reported that 

subjects are unable to differentiate between naloxone 

injection and placebo in doses ranging from 1 to 10 mg 

(McCubbin, Surwit, & Williams, 1985; Grevert & Goldstein, 

1978) and found no changes in mood along the dimensions of 

friendliness, tension-anxiety, confusion-bewilderment, 

vigor-activity~ depression-dejection, anger-hostility, and 

fatigue-inertia, other have found no changes in mood following 



doses of .8 mg and 1.6 mg of naloxone (File & Silverstone, 

1981) . In regard to performance, Wokowitz & Tinklenberg 

(1985) f ound that 1.2 mgs of naloxone had no effect of tests 

of memory, visual psychomotor skills, and reaction time tasks. 

However, at higher doses (2 mg/kg) Cohen, Cohen, Weingartner, 

Pickar, & Murphy (1983) found decrements in recognition of 

twice presented words, free recall of such words, and 

estimation of frequency of presentation of words. This effect 

was not found for all subjects tested and hence may represent 

an idiosyncratic response to the drug at high doses. 

Another research strategy has been the administration 

of both exogenous opiates and opioids and measuring the 

behavioral effects of such drugs. There are problems with 

using opiate drugs, however, because their affinities for the 

various receptors are different than those of endogenous 

substances. In addition, administration of agonists is 

generally parenteral and their access to the central nervous 

system is questionable (Rapoport, Klee, & Pettigrew, 1 980) . 

Unlike these two methods, which are indirect, peptide 

concentrations can be measu red directly using radioreceptor 

assays (RRA) and radioimmunoassays (RIA ) . While the 

radioreceptor assay meaures functional activity, it cannot be 

used to distinguish between the different peptides. The 

radioimmunoassay, on the other hand, can provide information 

about individual peptides (Pickar, Cohen, Naber, & Cohen, 

1982) . However, RIAs do not provide information about the 

interact ion between the peptides and the receptors. Studies 

using these methods have found a diurnal variation in 

l 

-v ·-

!" 
"' 



20 

beta-endorphin immunoreactivity (Dent, Guilleminault, & 

Albert, 1981) which peaks at 6:00 am and has its nadir at 

11:00 PM. Using RIAs, measurement of peptides differ 

considerably among laboratories. While one group using 

radioimmunoassay found normal human plasma beta-endorphin 

concentrations to be 50 to 300 pg per ml (Wilkes, Stewart, & 

Bruni, 1980), concentrations less than 21 pg per ml have been 

reported by other researchers (Wardlaw & Frantz, 1979). 

Activation of EOPs in response to stress. 

Researchers have measured opioid activity in response 

to a variety of stressors. In rats, beta-endorphin levels 

increased following shock, immobilization, handling, novelty, 

swimming, and surgery (see Olsen, Olsen, & Kastin, 1985 for a 

comprehensive review) . 

In humans the physical stress of surgery, labor, 

physical exercise, and the more psychological stress of 

examinations all cause increased opioid activity. For 

example, in a study of beta-endorphin levels during surgery, 

plasma levels of beta-endorphin were measured prior to 

intubation and anesthetic induction, 10 minutes after skin 

incision, and at 30 minute intervals throughout the surgery 

(Cohen et al., 1982). All patients were undergoing 

laparotomies and were medication free prior to the surgery. 

Surgery was associated with rising levels of plasma 

beta-endorphin and plasma cortisol levels suggesting a stress 

response. Examination of post-surgery morphine administration 

indicated that patients with high presurgery levels of opioids 

required lower morphine doses and that patients with low 
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presurgery levels required higher doses. These results were 

consistent with studies of emotional preparation and surgical 

outcome which suggested that moderate levels of anxiety were 

associated with the best postoperative outcome (Janis, 1958). 

Other stressors have also been associated with 

activation of the EOP system. In a study of childbirth, 

researchers reported that plasma levels of beta-endorphin 

increased during labor and were eliminated by morphine or 
</ 

epidural anesthesia (Hoffman, Abboud, Haase, Hung, & 

Goebelsmann, 1984). These results suggested that opioids 

increased in response to the pain associated with labor. 

Other researchers have measured opioid activity in trained 

runners following a run, documenting elevations in opioid 

activity which varied in relation to effort (Colt, Wardlow, & 

Frantz, 1981). Finally, Tescchemacher, Briedenback, Konig, 

Luckhardt, & Davies-Osterkamp (1980) found that beta-endorphin 

immunoreactivity was greater prior to an examination period 

than at basal levels. Thus, in humans EOPs have been found to 

vary in response to a variety of stressful experiences. In 

addition to these naturalistic human studies, researchers have 

examined opioid activity in the laboratory. In the lab, 

opioid activity generally has not been measured directly, but 

has been inferred through changes which result following the 

administration of opioid antagonists. These laboratory 

studies will be discussed in the context of psychological 

mediators of stress. 

Psychological Aspects of Stress 

Up to this point, stress has been viewed mainly in 



terms of its physiological costs and concomitants. However, 

it is clear that there are important psychological dimensions 

to the stress construct. In addition to causing hormonal 

changes, stress may also change how people feel (their mood, 

or symptom reporting) as well as their performance on tasks. 

Lazarus (1975) emphasized the role of cognitive 

mechanisms in the stress response. According to Lazarus, a 

stress response occurs only if stimulation is perceived as a 

threat. In support of the importance of cognitive processing, 

Symington, Currie, Curran, and Davidson (1955) found that 

conscious dying patients had elevated adrenal activity in 

response to a terminal illness. Those who were in a coma did 

not exhibit this evidence of a stress response. These data 

suggested that the stress of dying itself was not sufficient 

to cause stress-related physiological changes, and suggested 

that cognitive awareness was the critical factor in 

determining the occurrence of the adrenal changes described by 

Selye. In further support of the importance of cognitive 

processing, Lazarus, Opton, Nomikos, and Rankin, (1965) showed 

that heart rate and skin conductance changes to a film could 

be modi fied by simply altering the narration accompanying the 

film. Subjects watched a film depicting woodshop accidents. 

One group was given no explanation for the film, and two other 

groups were told either that the events were staged or that 

the film would be used to improve safety. Results indicated 

that the two narrations reduced stress-related arousal to the 

film. These results highlight the importance of individual 

interpretations in stress responding. 
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In general, a variety of factors will mediate a stress 

response. The factors include situational variables as well 

as personal variables like attitudes toward the stress, risk 

perception, social support, dispositional variables, 

predictability, and control (Baum, Singer, & Baum, 1981) 

Partly as a result of autonomic activation which accompanies a 

stress response, a number of feeling states may be reported 

following exposure to a stressor including anxiety, 

depression, and fear. 

Aftereffects 

In a series of studies designed to study the 

psychological costs of adaptation, Glass and Singer (1972) 

evaluated cognitive processes associated with adaptation to 

noise. Accordingly, adaptation was viewed as "a cognitive 

process involving re-evaluation of the noise stressor as 

benign or the use of more direct action strategies for coping 

with noise such as "filtering noise out of awareness by 

becoming engrossed in some task." (p. 457, 1972). 

Consistent findings suggested that high-intensity noise 

alone had no adverse effect on human task performance 

(Broadbent, 1957) unless the task was a long-term vigilance 

task, was complex, or the noise was intermittent. Glass and 

Singer (1972) were unable to replicate the intermittent noise 

effect on task performance unless the task was complex. 

Simple tasks were unaffected by the noise regardless of the 

intensity or the pattern of the noise. In general, few 

effects were found during noise exposure (Glass & Singer, 

1972) . Skin conductance showed an initial increase when the 
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noise was loud, but this response quickly adapted as did 

finger vasoconstriction, and muscle action potentials which 

were noted at the onset of the noise. However, Glass and 

Singer found consistent changes in behavior or performance 

following the termination of the stressor. 

In their studies, noise was delivered at either random 

or fixed intervals. In the fixed condition, noise was 

delivered at the end of every minute for about 9 seconds and 

in the random condition both the length between and the length 

of each burst varied. The total time of noise exposure varied 

from 3 1/2 to 5 minutes depending in part on whether the noise 

presentation occurred over a 23-, 24-, or 25-minute period. 

In some of the experiments each type of noise was presented at 

both soft and loud intensities. 

In order to measure aftereffects, several tasks were 

presented following the stressor. The first, the Feather task 

(1961) consisted of four line diagrams. The subject's task 

was to trace over the lines without lifting the pencil or 

tracing over any line twice. Two of these tasks were solvable 

and two were insolvable. The second task was a proofreading 

task. Subjects were given 15 minutes to read and circle 

errors in a 7-page passage. The Stroop color discrimination 

task was also used to test for aftereffects in some of the 

studies (Houston & Jones, 1967). For this subjects were asked 

to identify the color of ink that different color names were 

printed in. 

Glass and Singer's results indicated that random noise 

bursts lowered tolerance for frustration as measured by lack 



of persistence on the Feather task and lowered the percentage 

of errors found in the proofreading passage. The 

unpredictability of the noise rather than its intensity was 

more important in determining the deleterious outcome of the 

stressor. 

Glass and Singer further tested the hypothesis that 

control over the stressor should reduce the effects created by 

the unpredictability. To give control, they told subjects 

that they had a switch which would terminate the presentation 

of the noise. They were asked not to use the switch, but were 

told that it would terminate the noise if they used it. 

Compared with subjects not told about the switch, those with 

perceived control showed amelioration of performance 

decrements. This was true even though control was never 

actually exerted, as subjects did not use the switch. The 

authors hypothesized that uncontrollable noise produced 

feelings of helplessness and that subjects in conditions with 

no contol had to cope with the anxiety associated with 

helplessness along with the stress of the noise. On the 

other hand, perceived control groups did not experience the 

same anxiety associated with feelings of helplessness. An 

interesting note about these conditions was that the subjects 

did not reliably rate the uncontrollable or unpredictable 

situations as more aversive even though they performed more 

poorly on the post-task measures. 

Researches have found similar post-stressor deficits 

following unpredictable and uncontrollable electrical shock, 

cold stress, bureaucratic frustration, arbitrary 
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discrimination, and crowding (e. g. Glass & Singer, 1972; 

Sherrod, 1974). 

Psychological Variables and EOPs 

Just as psychological variables are important to a 

general stress response, they are important in activation of 

the EOP system. Conditions which are known to produce 

aftereffects also cause activation of the opioid system. 

Research in rodents suggests that noise stressors can cause 

activation of the opioid system. For example, Katz and 

Gelbart (1978) found that exposure to noise-light stress 

caused stress-related grooming in rodents that could be 

blocked by administration of naloxone. Similarly, Roth and 

Katz (1979) found increases in grooming and changes in 

exploratory behavior following noise exposure. Arnsten, 

Berridge, & Segal (1985) found similar changes in exploratory 

behavior following noise exposure. These stress-related 

effects could be blocked with either administration of 

naltrexone or naloxone, two opioid antagonists. 

Stressor controllability has been implicated in 

stress-induced analgesia (SIA) in much the same way as in the 

aftereffects literature. When an experimental animal is 

exposed to a novel or severe stressor, its sensitivity to 

painful stimuli will be reduced for a period of time 

afterwards. This post-stressor analgesia or stress induced 

analgesia (SIA) may be reversed by administration of naloxone. 

This reversibility with naloxone suggests the importance of 

the endogenous opioid system in SIA. Jackson, Coon, & Maier 

(1979) found that SIA could be reinitiated 24 hours following 
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exposure to an inescapable shock, but not after escapable 

shocks. This long term SIA seemed to be opioid in nature 

because it could be blocked with opioid antagonists and was 

cross tolerant with morphine (Maier, Davies, Grau, Jackson, 

Morrison, Moye, Madden, & Barchas, 1980; Drugan, Grau, Maier, 

Madden, & Barchas, 1981) . In addition, the long-term 

analgesic effect could be blocked by prior experience with 

escapable shock (Moye, Grau, Coon, & Maier, 1981) . Evidence 

also suggests that SIA is associated with learned 

helplessness. In fact, it has been suggested that in order 

for SIA to occur following inescapable shocks, enough shocks 

must be given so that learned helplessness develops. Grau, 

Hyson, Maier, Madden, & Barchas (1981) found that while twenty 

minutes of intermittent foot shock produced 

naloxone-reversible analgesia, three minutes of continuous 

foot shock did not cause the same effect. 

Other researchers have found an association between 

performance decrements and SIA in rodents. McCubbin, Kizer, 

and Lipton (1984) found that animals exposed to inescapable 

footshock exhibited SIA and deficits in one-way shuttle 

acquisition. Both of these effects were reversed by 

pretreatment with naltrexone, an opioid antagonist. 

Thus, experiments on rodents suggest that situations 

that are unpredictable or uncontrollable result in activation 

of the EOP system. They also produce behavioral changes in 

animals which are naloxone reversible. Therefore, animal 

studies suggest that EOPs may play a role in stressor 

aftereffects. 



In humans, changes in the opioid system in response to 

a stressor are more difficult to document. For example, 

Grevert and Goldstein (1978) exposed subjects to either 5 

minutes of cold water or ten minutes of ischemic pain. They 

found no changes in pain ratings that could be influenced by 

naloxone. Similarly, El-Sobky, Dostrovsky, and Wall (1976) 

failed to find naloxone reversible changes in pain ratings 

following increasingly painful shocks administered at 1.2 

second intervals. However , in each of these studies the 

stressor may have been too short to result in activation of 

the EOP system . Animal studies suggest t hat the timing of a 

stressor is crucial in the activation of the EOP system. 

Naber, Bullinger, Zahn, Johnson, Huhtanium, Pickar, Cohen, & 

Bunney (1981) also failed to find changes in plasma opioid 

levels or opioid activity following 10 minutes of either a 

nonverbal intelligence test, a competitive discrimination 

task, or a bicycle ride. However, they did find a 

relat ionship between opioid leve ls and self-reported stress. 

Although Bouloux, Grossman, Al-Pamluji, Bailey, & 

Besser (1985) did not measure opioid levels directly, they did 

find that exposure to a cold pressor increased levels of 

norepinephrine, epinephrine, heart rate, and systolic blood 

pressure and that naloxone enhanced this response. These 

results suggest that EOPs moderate the release of 

catecholamines or that they are linked through mutual feedback 

systems. Bullinger, Naber, Pickar, Cohen, Kalin, Pert, & 

Bunney (1984) measured opioids following a cold pressor task 

and found that opioid activity was negatively correlated with 
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reported pain intensity. In a paradigm similar to those used 

by animal researchers, Jungkuz, Engel, King, & Kuss (1983) 

found that following a cold pressor, that pain tolerance to 

electrical stimulation increased. This effect could be 

reversed by treatment with naloxone. 

Other researchers have demonstrated changes in the 

opioid system in humans by introducing anticipation, anxiety, 

or by correlating opioid activity with other individual 

difference variables. Willer & Albe-Fessard (1980) studied 

the influence of shock and the anticipation of that shock on 

monosynaptic reflex thresholds. The reflex threshold was used 

as a measure of opioid activation; the longer the latency to 

reflex threshold, the greater the opioid activation. Their 

results demonstrated that shock and anticipation increased the 

reflex threshold over time and that this effect could be 

reversed with naloxone. Similarly, Schull, Kaplan, & O'Brien 

(1981) attempted to increase the anxiety associated with cold 

pressor and tourniquet pain. They found that naloxone 

increased the aversiveness of the ischemic pain but not the 

cold pain. Miralles, Olaso, Fuentesa, Lopez, Loardin, & Puig 

(1983) studied the relationship between opioids and the 

anticipation of surgery. These researchers reported that 

endorphin levels increased as a function of the anticipation 

of surgery. In a study of women in labor, researchers found 

that Lamaze prepared women had lower plasma beta-endorphin 

immunoreactivity than a nonprepared group (Delke, Minkoff, & 

Grunebaum, 1985) . The authors suggested that the lower opioid 

immunoreactivity was related to fear reduction and less 



emotional distress in the Lamaze group. Although these data 

may seem to suggest that the Lamaze prepared women would 

experience greater pain because of lower opioid levels, this 

is probably not the case because there are psychological as 

well as physiological components to pain and the Lamaze 

prepared group would be better prepared emotionally for the 

e xperiences of labor and delivery. Pickar, Cohen, & Naber 

(1982) measured CSF opioid levels prior to lumbar puncture and 

found them to be inversely related to self-ratings of anxiety 

at the time of the puncture. 

Thus, data from studies of animals and humans suggest 

that opioids play a role in response to a stressor and that 

cognitive factors such as control moderate opioid activity in 

much the same way that they affect other aspects of the stress 

response. In addition, research on rodents has shown that 

opioids play a role in post-stressor behavioral and 

performance changes. These changes in behavior and 

performance may be blocked with the opioid antagonist 

naloxone. These data provide reason to believe that EOP 

activity is associated with behavioral, perceptual, and 

physiological aspects of stress and that they may be involved 

in the generation of aftereffects such as those observed by 

Glass and Singer (1972). 

Theories Explaining Aftereffects 

The exact cause of aftereffects in humans remains 

unclear. Cohen (1980) reviewed eight theories which have been 

used to explain aftereffects and a ninth one relating to 

opioids will be proposed here. According to the "original" 
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adaptive-cost hypothesis (Glass & Singer, 1972) work is 

required when and organism searches for the best way to cope 

with a stressor. The more adaptive energy that is used in 

coping with a stressor, the less is available for subsequent 

demands. It takes more work to cope with stressors that are 

unpredictable. Hence, following exposure to unpredictable or 

uncontrollable noise, fewer resources are available for 

post-stimulation tasks. Cohen (1978) added that increasing 

attentional demands lead to cognitive fatigue. Under these 

circumstances less attention would be available for subsequent 

demands. Only tasks requiring considerable attention would 

suffer. 

The learned helplessness explanation was also proposed 

by Glass and Singer (1972 . Situations characterized by 

noncontingencies between response and reward lead to 

motivational deficits that become apparent on post-stimulation 

tasks. Thus, in the noise studies, subjects exposed to 

uncontrollable noise would be expected to experience learned 

helplessness and be less motivated to perform on post-stress 

measures. 

Arousal theories (Evans, 1978; Glass & Singer, 1972) 

suggest that performance on tasks is dependent on optimal 

levels of arousal. Performance on complex tasks is optimal at 

lower levels of arousal than is performance on simple tasks. 

This theory suggests that most aftereffects measures are 

complex tasks and that arousal levels are too high following 

uncontrollable and unpredictable stressors for optimal 

performance on these tasks. According to the frustration-mood 



-------------------------·----

hypothesis, exposure to uncontrollable and unpredictable 

stress causes irritation and frustration. Therefore, subjects 

exposed to unpredictable or uncontrollable noise are l ess 

motivated to perform on subsequent tasks. In another theory, 

Rodin and Baum (1978) suggested that coping may be overlearned 

during a stressor and may persist beyond stressor termination. 

For example, it may be beneficial to limit attention to 

essential aspects of a situation during a stressor, but this 

approach may prove detrimental on complex tasks. Glass and 

Singer also suggested a dissonance hypothesis for aftereffects 

which the y later re j ected. Since subjects provided with 

perceived control choose to be exposed to the stressor, they 

find it less stressful and hence do not show performance 

deficits. The final explanation that has been offerred for 

aftereffects is that the subjects exposed to the more aversive 

situation develop a negative attitude about the experimental 

situation and therefore do not work as hard on subsequent 

measures. Although these eight theories have been proposed, 

research does not provide unequivocal support for any of them. 

The proposed research attempted to explore another 

explanation for the aftereffects phenomenon; one that 

hypothesizes that aftereffects are a result of the release of 

endogenous opioid peptides during exposure to an 

uncontrollable and/or unpredictable stressor. Although this 

opioid release may be protective during the actual stressor, 

the deleterious consequences of opioids may become apparent 

when the stressor is terminated. Consistent with previous 

findings, opioids may lessen the aversiveness of the actual 
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stressor by influencing the affective response to that 

stimulus (Reynolds & Randall, 1957) . Opioid release may cause 

mental clouding in the same way that morphine would. Jaffe 

and Martin (1980) report that morphine causes drowsiness, 

inability to concentrate, difficulty in mentation, and reduced 

visual acuity. These changes may not influence performance on 

simple well-learned task , but may effect performance on 

complex tasks. This would explain why simple tasks during the 

noise are uneffected and yet complex tasks suffer. Research 

on rodents indicates that opioid activation may last for more 

than 120 minutes following stressor exposure (Drugan, Ader, & 

Maier, 1985). Hence, opioid activation may remain following 

stressor termination in humans as well. These potential 

opioid changes may influence performance on tas ks which are 

administered as aftereffects measures. 

Consider this opioid hypothesis in light of the 

paradigm employed by Glass and Singer in their studies of 

noise. Typically, a no no ise control group, an uncontrollable 

o r unpredictable noise group, and a controllable or 

predictable noise group, were included in the study design. 

During the no noise condition, the EOP system may not be 

activated and may not influence aftereffect measures. 

Similarly, little or no opioid release may occur during the 

controllable stress condition. On the other hand, the EOP 

system may be activated during the uncontrollable and 

unpredictable noise conditions. Research on laboratory 

animals suggests that the unpredictability of a stressor may 

be a major component of opioid activation (e.g. Jackson , Coon, 
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& Maier, 1979) . The release of opioid peptides during 

uncontrollable or unpredictable noise may lessen the 

aversiveness of the stressor. Therefore, the noise condition 

may seem no more aversive than the control condition and hence 

may explain why Glass and Singer's subjects did not rate the 

noise condition as more aversive than the unpredictable 

condition. However, following exposure to unpredictable 

noise, the opioid system may remain activated. Thus, opioids 

may influence post-stressor performance following exposure to 

unpredictable or uncontrollable noise and may in fact be 

responsible for the performance def i cits which have been 

previously documented. 

Consider the same conditions under the influence of 

naloxone. Only the uncontrollable or unpredictable noise 

group should be affected by naloxone administration since this 

is the only group with opioid activation. During noise 

exposure, EOPs will no longer protect the subjects in the 

uncontrollable or unpredictable group. This group should 

report more distress following the stressor when pretreated 

with naloxone. On the other hand EOPs will no longer 

influence post-stressor performance and the deficits will be 

ameliorated. Since the opioid system should not be activated 

in the predictable or controllable noise group or the control 

group, naloxone should not effect aversiveness ratings 

following the stressor or performance measures during or 
I I ~ 

fol l owing the noise or silence. 



Hypotheses 

In review , Glass and Singer (1972) found that 

unpredictable noise was accompanied by changes which occurred 

only after stressor termination. These changes included 

cognitive defic i ts reflected in decreased proofreading 

ability, and decreased tolerance for frustration as measured 

by the Feather task (196 1 ) . Measurements of task performance 

dur i ng e xposure to the stressor were remarkably similar 

bet we e n groups, and while the unpredictable group showed 

post-stressor effects the group did not rate the e xperience as 

more aversive, nor did their performance on simple tasks 

during the noise suffer. 

The present research is designed to test the degree to 

which the opioid system is i nvolved in this aftereffects 

phenomenon. It is suggested that unpredictable noise 

stressors cause the release of endogenous opioids and that the 

effects of this op i oid activity persist beyond the actual 

stressor to cause performance deficits. Research has shown 

that noise-light stress is responsible for naloxone reversible 

changes in grooming and exploratory behavior in laboratory 

animals (e.g. Katz & Gelbert, 1978). In addition, the release 

of opioids has been associated with performance defic i ts in 

an i mals (McCubbin, Kizer, & Lipton, 1984) . In humans, opioid 

release during noise exposure may make the stressor seem less 

aversive (opioids have been shown to modify the affective 

response to stress, Amir & Amit, 1978) . Thus, when given 

saline, control and noise groups should rate their conditions 

similarly. Performance on simple, well-learned tasks during 
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the noise stress should remain unaffected by the opioid 

release. However, cognitive effects of the opioid release may 

be seen on the measures of motivation and persistence which 

are given following the stressor. Therefore, the hypotheses 

of the research were the following: 

1. Blocking opioid release with naloxone will 

increase the reported aversiveness of the 

unpredictable noise stress. Subjects given 

naloxone or saline will not rate the ambient 

noise differently in the no noise control 

groups. 

2. The administration of naloxone will not change 

performance on simple tasks during either 

unpredictable noise or no noise conditions. 

3. Naloxone will ameliorate performance deficits 

on aftereffect measures including tolerance 

for frustration and proofreading ability in an 

unpredictable noise group. Again, naloxone 

will have no effect on these measures in the 

no noise control group. 

,1' 



Method 

Subjects 

A total of 40 subjects were recruited for participation 

in this 2 X 2 study of opioid mediation of stressor 

aftereffects. Subjects were recruited in several ways. Units 

of enlisted medics at the army post at Fort Meade were 

approached and asked to volunteer their time, medical students 

at the Uniformed Services University were also asked to 

volunteer as part of a class assignment, and the remainder of 

the subjects were recruited through posted notices at USUHS. 

Non-military subjects were paid fifty dollars for their 

participation. Only male subjects were asked to participate 

to avoid giving the drug unknowingly to women in their first 

trimester of pregnancy. 

Subjects were randomly assigned to one of four 

conditions. The four groups included a naloxone unpredictable 

noise group (NU), a placebo unpredictable noise group (PU), a 

no noise naloxone (NC), and a placebo no noise group (PC). 

All subjects and experimenters were blind to the drug 

condition. Subjects ranged in age from 20-40 (X=27). 

Multivariate analyses of variance revealed no main effects or 

interactions for demographic variables (i.e., military status, 

age, body mass, marital status, education, income, total 

symptoms, and alcohol use). However, univariate statistics 

revealed a main effect of drug condition on total symptoms, 

£{1,35)=4.26, p<.OS and a main effect of noise exposure on 

total symptoms, F{l,35)=6.52, p<.02. These analyses revealed 

that there were some background differences between subjects 
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assigned to the four experimental conditions. 

Prior to being admitted to the study all subjects were 

screened for drug use. Past or present use of morphine-like 

compounds was used as an exclusion criteria. In addition, 

potential subjects with a medical history of chronic pain, 

cardiovascular, liver, kidney, or respiratory disorders were 

excluded from participation in t he study. 

Informed consent was obtained and subjects were told 

that they could withdraw from the study at any time. 

Procedures 

Procedures adhered as closely to Gl ass and Singer's 

(1972) as possible. The purpose of the study was explained, 

all procedures were described, and informed consent was 

obtained. Each subject then completed the Symptom 

Checklist-90 and a background questionnaire. Following this 

all the tasks were described in detail in order to minimize 

questions following the injection. The subjects then 

completed a one page mood profile (MAACL; Zuckerman & Lubin, 

1965) . After the subject fully understood all of the 

procedures and had completed the MAACL, a physician was asked 

to come into the experimental room. He injected 

intermuscularly lOmg/cc of naloxone or 1 cc of saline into the 

subjects nondominant arm. Following the injection there was a 

4 minute break to allow time for the drug to act. At the end 

of the rest period the mood questionnaire was administered 

again. At this point subjects worked on an addition task, a 

finding the A's task and a number comparison task for a total 

of twenty-three minutes. During this time, half of the 
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subjects were exposed to 23 minutes of random intermittent 

noise and the rest worked in silence. 

The noise tape was made from the one used by Glass & 

Singer (1972). It consisted of the following sounds 

superimposed on each other: (1) two people speaking Spanish 

(2) a person talking Armenian (3) a mimeograph machine (4) 

a desk calculator (5) a typewriter. The noise was played at 

random intermittent bursts. Randomization was achieved as 

described by Glass and Singer (1972}; each minute was divided 

into quarter parts and bursts of noise ranging from 3 to 15 

seconds were randomly assigned to different parts in each 

one-minute segment. The total amount of noise on the tape was 

207 seconds. The noise tape was played between lOOdBA and 

108dbA. Unlike Glass and Singer (1972) who presented the 

noise over speakers, this noise was presented over headsets. 

After the 23 minute period, post-noise measures were 

administered. They included a brief questionnaire ass~ssing 

task aversiveness, the mood questionnaire, a proofreading 

task, an encoding task, and the Feather task. Finally, 

subjects were asked if they knew what drug they had been 

given. 

Measures 

Stress. The Symptom Checklist-90R (Derogatis, 1977) 

was used to assess background levels of stress. The inventory 

contained a list of ninety symptoms and subjects were asked to 

rate how much they had been bothered by each of the symptoms 

during the two weeks prior to the session. Although the 

checklist contained a variety of subscales, only t he total 
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score was used for purposes of analysis since there is a high 

correlation among subscale scores. 

Mood. The Multiple Affect Adjective Checklist 

(Zuckerman & Lubin, 1964) provided estimates of changes of 

mood over time. The scale consisted of 132 adjectives which 

described different types of feelings. Subjects were asked to 

indicate which ones described the way they were feeling at the 

time that the scale was administered. The scale consisted of 

a measure of anxiety, depression, and hostility. 

Cognitive performance measures. The number comparison, 

addition, and finding the A's task were each presented in two 

parts (French, Ekstrom, & Price, 1963) . Each subject worked 

on the first part of the number comparison task, the addition 

task, and the finding the A's task for 11 1/2 minutes, they 

then worked on the second part of each task in the same order. 

Dividing the task into two halves allowed for comparisons of 

performance throughout the session. For the number comparison 

task, the subjects were asked to compare 48 pairs of numbers 

and to indicate whether numbers in each pair were alike or 

different. The addition task consisted of two sets of 60 

addition problems. Subjects were asked to add three one- or 

two-digit numbers. Finally, columns of forty-one words were 

presented and subjects were asked to cross out each word 

containing the letter - A. A total of twenty-five columns of 

words were presented in each half of the twenty-three ·minute 

period. 

Post-task questions. After termination of the noise or 

the cognitive task in the no noise condition, subjects were 
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asked to rate the aversiveness of the task and noise on nine 

point scales. They were asked the following: (1) "The noise 

I heard while working on the verbal and numeral tasks was:" 

l =extremely irritating and 9=extremely relaxing (2) "The 

noise I heard while working on the verbal and numeral tasks 

wa s:" l=extremely pleasant and 9=extremely unpleasant (3) 

"To what e xtent was the noise that you heard distracting:" 

l=the noise made it extremel y easy to concentrate and 9=the 

noise made it extremely difficult to concentrate (4) "How 

difficult were the verbal and numeral tasks:" l =extremely 

difficult and 9=extremely easy. 

Proofreading. Subjects were asked to read a seven-page 

double spaced passage from Jane Jacob's The Death and Life of 

Great American Cities (1961). They were asked to read and 

circle errors that they found in the passage. Errors included 

typographical errors, misspellings, grammatical errors, etc. 

Subjects were given five minutes to read as much as possible 

and when they were asked to stop working, they drew a line 

under the last sentence that they read. The measures of 

performance were the total number of errors found and a 

percent score. In a series of studies conducted by Baum and 

his colleagues at Three Mile Island (TMI) and Frederick, 

Maryland, the average number of proofreading errors found in a 

similar passage was 9 for the TMI group and 18 for the 

Frederick group and the mean percent score was 53 for TMI 

residents and 71 for subjects living in Frederick (Davidson, 

1987) . 

Encoding task. Subjects were asked to work on a 
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digit-alphabet encrypting task. This task was obtained from a 

military manual. Subjects were asked to transform a set of 

letters and numbers to another set of letters. They worked on 

this task for a total of five minutes. Subjects were first 

given a two letter code to establish a working line for each 

problem. Once the working line was established, they were 

asked to replace italic numbers and letters with letters from 

the working line. The number of letters encoded and the 

percent score were the performance measures used on this task. 

No normative data were available for this task. 

Frustration measure. Tolerance for frustration was 

measured using t he Feather task (1961) . Subjects were asked 

to trace over the lines of the diagrams without retracing any 

lines or picking up their pencils. Each time they made a new 

attempt on a puzzle they were instructed to work from a clean 

sheet of paper. Subjects were given two puzzles to work on. 

They worked on one puzzle at a time and were allowed to work 

on each puzz l e for as long or as short as they wished. 

Although the subjects were presented with four one inch piles 

of puzzles, they only worked on the first two stacks. Each 

puzzle was presented face down. The first puzzle presented 

was solvable and the second was insolvable. The number of 

puzzles worked on and the total number of seconds spent on 

each puzzle were the measures recorded. Glass and Singer 

(1972) reported the the average number of puzzles used by 

their subjects was 14.5. They did not report the number of 

seconds that subjects spent on the puzzles. 
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Results 

Mood 

Analyses were first directed toward establishing 

changes in mood over time. The Mood Affect Adjective 

Checklist (Zuckerman and Lubin, 1964) was given three times 

throughout the experimental session; immediately before the 

in ject i on, four minutes following the injection, and after the 

twenty-three minute block of unpredictable noise or silence. 

It was hypothesized that naloxone would increase the 

aversiveness of the stressor in the noise group, but would 

have no effect in the no noise naloxone group. Repeated 

measures analyses of variance were performed separately on 

each of the three subscales of the MAACL (i.e., anxiety, 

depression, & hostility) . Results showed that all subjects 

became more anxious over time, F(2,72)=6.23, p<.004. Results 

were similar for the depression subscale. All groups became 

more depressed with time F(2,72)=10.62, p<.001. Finally, all 

groups become more hosti le over the experimental session, 

F(2, 72)=1 3 .2, p<.OOl (figures 1, 2 & 3). 

In order to more closely examine the relationship 

between experimental condition and changes in mood over time a 

series of multiple regression analyses were performed. The 

first measures of anxiety, depression, and hostiliy were used 

as the predictors for each second measure. Then 2 X 2 

analyses of variance, crossing drug condition (sa line and 

naloxone) with noise condition (noise and no noise), were 

performed on the residuals generated by each regression 

equation . These analyses were done to examine changes in mood 
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at time two that resulted from the experimental manipulation 

and were irrespective of mood a time one. As expected, 

anxiety, depression, and hostility at time 1 were significant 

predictors of anxiety, depression, and hostility at time two 

in all cases, F(1,36)=70.1, p<.OOl; F(1,36)=96.3, p<.OOl; 

F(l,36)=113.8, P<.OOl, respective l y. Analyses of variance 

revealed no significant differences between the groups when 

anxiety and depression residuals were used as dependent 

measures. However, while subjects given naloxone became less 

hostile following the injection, subjects given an injection 

of saline reported more hostility, F(l,36)=13.1, p<.04. 

Next, three separate multiple regression analyses for 

each subscale were performed using anxiety, depression, and 

hostility at both times one and two as the predictor variables 

for anxie ty, depression, and hostility at time three. Again, 

the residuals generated by these three separate regression 

equations were analyzed using 2 X 2 analyses of variance. 

This was done in order to explore changes in mood produced by 

the experimental manipulations. Al though time one and time 

two were significant predictors of time three mood for each 

subscale, analyses of the residuals revealed no significant 

differences. Results failed to confirm the hypothesis that 

naloxone would increase the reported aversiveness of the 

stressor. 

Stressor Ratings 

Following the twenty-three minute block of noise or 

silence, subjects were asked to rate the noise and the task on 

four nine point Likert-type scal es. Subjects were asked to 
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rate how pleasant and relaxing the session had been, how 

difficult it had been to concentrate, and how difficult the 

verbal and numeral tasks had been. It was hypothesized that 

naloxone would increase the aversiveness of the stressor, but 

would have no effect in the absence of noise. This hypothesis 

was not supported. Naloxone had no effect on any of the 

rating scales. However, there was a main effect for noise on 

three of the four scales. All subjects exposed to noise 

reported more difficulty concentrating, F(l,36)=21.2, p<.OOl, 

t hey rated the session as less pleasant, F(1,36)=20.5, p<.OOl, 

and they reported that the session had been less relaxing, 

F(l,36)=39.9, p<.OOl (figures 4, 5, & 6). However, although 

the session was rated as more aversive by subjects exposed to 

noise, there were no difference between the groups on the way 

they rated the actual difficulty of the task. Again, results 

failed to confirm the first hypothesis. 

Performance During the Stressor 

Following the injection, all subjects worked on 

twenty-three minutes of numera l and verbal tasks. Three 

different tasks were given and each was divided into two parts 

so that changes in performance could be assessed over t i me. 

Repeated measures analyses of variance were computed on a raw 

score of each task as well as a percent score. In order to 

further assess changes from the first part of the task to the 

second, separate multiple regression equations were computed 

for the different measures using the scores at time one as the 

predictors for the scores at time two. The residuals created 

by the six regression equations were then analyzed using 2 x 2 
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analyses of variance. 

Repeated measures analyses revealed that the raw number 

of the math problems solved increased from the first to second 

half of the session, F(1,36)=17.4, p<.OOl (figure 7). 

was also a marginal noise effect, F(1,36)=3.66, p<.06. 

Subjects exposed to noise solved fewer math problems. 

Finally, there was a significant time X noise X drug 

There 

interaction, F(1,36)=6.17, p<.017. Subjects in the no noise 

saline and the noise naloxone conditions improved less over 

time than the other two groups. Repeated measures analyses 

revealed no other differences in the raw scores for the math, 

number comparison task, or the finding the A task. Repeated 

measures analyses of variance were further performed on the 

percent scores for each of the three task and no signficant 

effects were found. 

Similary, multiple regression and residual analyses 

produced a comparable pattern of results. Residual analyses 

of raw math scores produced a significant interaction between 

drug and noise conditions, F(1,36)=6.2, p<.02. Subjects in 

the naloxone noise and the saline no noise groups improved 

less over time. No other differences were found using 

residual analyses on the the finding the A task or the number 

comparison task. These results failed to confirm the second 

hypothesis that naloxone would have no effect on simple 

performance during the actual stressor. Naloxone interacted 

with the stressor to impair performance. 

Aftereffects measures 

All subjects worked on three tasks following the 
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twenty-three minute block of noise or silence; the tasks 

included a proofreading task, an encoding task, and a puzzle 

task. These tasks were used as aftereffects measures. It was 

hypothesized that naloxone would ameliorate performance 

deficits created by exposure to noise, but would have no 

effect in the absence of noise. 

Analyses of variance were performed crossing drug 

condition with noise condition and performances on each of the 

three tasks were used as dependent measures. 

Proofreading. Two measures of proofreading ability 

were computed for each subject, a raw score and a percent 

score. The raw score was a count of the number of 

proofreading errors correctly identified, and the percent 

score was computed by dividing the number of proofreading 

errors found by the number of errors possible in the amount 

read. Analyses of variance revealed that subjects exposed to 

noise performed more poorly on the proofreading task, 

F(l,36)=3.78, p<.06 (figure 8). There were no significans 

differences between the groups when the percent score was used 

as the dependent variable. 

Encoding. Two scores were also computed for the 

encoding task; a raw score and a percent score. The raw score 

was a count of the number of letters encoded. The percent 

score was computed by dividing the number of letters correctly 

encoded by the number of letters attempted. Two separate 

analyses of variance were then performed using each of the 

measures as the dependent variables. Analyses revealed that 

subjects exposed to noise performed more poorly on the 
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encoding task, F(1,36)=5.76, p<.025 (figure 9). Although 

subjects exposed to noise worked on as many letters as those 

exposed to silence, they were less likely to encode the 

letters correctly. 

Puzzle task. Each subject worked on one insolvable 

puzzle. The length of time spent on this puzzle and the 

number of pages used were both evaluated as dependent measure. 

It was predicted that the saline noise group would persist the 

least on this task and use fewer pages and that all other 

groups would be equal on this measure. Analyses of variance 

revealed no difference between groups on either the number of 

pages used or t he number of seconds spent on the insolvable 

puzzle. 

Results from these three tasks failed to confirm the 

hypothesis that naloxone would ameliorate performance 

decrements caused by exposure to an unpredictable stressor. 

Background variables and performance. Because the 

experimental groups differed on some background 

characteristics, post-stressor performance was reanalyzed 

using a seri es of multiple regression anal yses (Cohen & Cohen, 

1983) . In this manner, the proportion of variance accounted 

for by the experimental manipulations could be separated from 

the variance accounted for by original demographic difference 

between the groups. Eight background variables (military 

status, age, body mass, marital status, education, income, 

alcohol consumption, and total symptoms) were simultaneously 

used as predictor variables for each of the six dependent 

measures in separate multip l e regression equations. When 

48 

' ' .• 



background characteristics accounted for a significant 

proportion of the variance, a new regression equation was 

computed. The background variables were then entered into the 

regression equation along with the two experimental 

manipulations and their interaction term. The proportion of 

variance accounted for by the background variables alone was 

then compared to the variance accounted for by the 

experimental manipulations and their interaction combined with 

the background variables. 

Background characteristics were a significant predictor 

of the percent of letters correctly encoded, F(8,31)=2.4, 

p<.OS. For this reason a second regression equation was 

computed including the background variables, the two 

experimental manipulation, and the interaction. Analyses 

revealed that the experimental manipulations accounted for a 

significant proportion of the variance, F(3,28)=3.9, p<.025, 

and that the noise manipulation was responsible for this 

effect, t=-3.14, p<.004 (see table 2). Further analyses 

revealed that the regression equations had equal slopes in the 

four experimental groups 

Background variables did not account for a significant 

proportion of the variance for the remaining five dependent 

measures, nor did the experimental manipulations account for a 

significant proportion of the variance (see table 2) . 
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Discussion 

This study was designed to examine the role of the 

endogenous opioid system in performance deficits which occur 

following stressor exposure. Subjects were given an injection 

of saline or naloxone and were then exposed to either 23 

mi nutes of unpredictable noise or silence. Following the 

twenty-three minute period, three aftereffects measures were 

administered. It was hypothesized that subjects given saline 

would e xhibit a typical pattern of aftereffects. That is, 

subjects exposed to unpredictable noise would exhibit greater 

post-stressor performance deficits than subjects working in 

silence. However, that pattern was expected to differ for 

subjects given naloxone. It was hypothesized that naloxone 

would ameliorate performance deficits associated with exposure 

to an unpredictable noise stressor. Naloxone was also 

predicted to increase the aversiveness of the noise. It was 

expected to have no effect in the absence of noise. 

Results of this study partially rep l icated Glass and '' II< 

Singer's (1972) original findings. Subjects exposed to noise 

rated the session as more aversive and unpleasant than did 

subjects who were not exposed to noise. In addition, exposure 

to unpredictable noise was associated with performance 

decrements on the proofreading and encoding aftereffects 

measures. Performance on math problems was also impaired 

during stressor exposure. Noise, however, failed to alter 

persistence on the insolvable puzzle. 

There are several possible explanations for the lack of 

50 



51 

persistence differences among groups. When Glass and Singer 

(1972) allowed their subjects to believe they could terminate 

stressor exposure, post-stressor performance improved. 

Gardiner (1978) has suggested that informed consent procedures 

may be similar to providing subjects with control over 

stressful experiences. Because this study involved an 

injection of a pharmacological substance, informed consent was 

emphasized from recruitment to the conclusion of the study. 

It could be argued that once having agreed to participate in 

this study, subjects had the perception of increased perceived 

control. However, since performance deteriorated on the 

proofreading and encoding task, this explanation for the lack 

of persistence differences on the puzzle task is likely only 

if persistence aftereffects are more susceptible to perceived 

control than are concentration effects. 

Another explanation for the lack of persistence 

differences revolves around the timing of aftereffects. No 

one knows the duration of aftereffects and it is possible that 

by the time the third task was given that the phenomenon could 

have dissipated. 

Perhaps the most likely explanation for equivalent 

persistence among groups is that all groups experienced a 

moderate stress response. It is possible that the injection 

created moderate levels of stress across conditions. Cohen 

(1980) has argued that the Feather task is a more sensitive 

aftereffect measure than proofreading, and because there were 

no differences in persistence, it is possible that all 

subjects were experiencing stress. There is some support for 



this hypothesis. All subjects did become more hostile, 

anxious, and depressed during t he course of the experimental 

session. In addition, the number of puzzles being used by the 

no noise control groups in this study was less than the number 

reportedly used by subjects in control conditions in other 

s t udies. The mean number of puzzles used by the groups in 

this study ranged from 6.7 in the saline no noise group to 9.8 

in the naloxone noise group. Glass and Singer (1972) reported 

that contro l groups used an average of 16-26 puzzles, whereas 

groups exposed to unpredictable noise used an average of 4-12 

puzzles. Similarly, Percival & Loeb (1980) reported that 

contro l subjects used an average of 19 puzzles and subjects 

exposed to a stressor used an average of 10 puzzles. It 

appears that all the groups in this study used an average 

number of puzzles which was comparable to t he number of 

puzzles used by stressed groups in other studies. If 

persistence is in fact a more sensi t ive measure of stress, it 

would follow that moderate levels of stress wou l d impair 

pe r formance on this task befor e performance would be impaired 

on either the proofreading or t h e encoding tasks. 

Although it was predicted that naloxone would 

ame l iorate per f ormance deficits associated with noise stressor 

exposure, this hypothesis was not confirmed. Naloxone did not 

effect performance on the tasks chosen following the stressor. 

These resu l ts suggests that the opioid system may not be 

involved in these performance deficits produced by stressor 

exposure. The choice of other tasks or stressors might have 

produced a different set of resul t s. 
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On the other hand, it is possible that opioids are 

involved, but that naloxone does not block the appropriate 

receptor subtypes. Although naloxone has a preferential 

affinity for the mu receptor, it i nteracts with other 

receptors at higher dosage levels. It was assumed that a 10 

mg dose would be sufficient to block all receptor subtypes. 

But, there i s no way to determine what was actual ly blocked by 

the naloxone in this study. Direct measurement of opioid 

levels and correlation of these levels with performance would 

be an additional way of determining whether opioids are 

involved in performance changes in a follow-up study. 

However, when measuring levels of opioids directly, there are 

problems invo lved because it is unknown what peripheral versus 

central levels mean. And, direct measurement of opioid levels 

gives no information about drug receptor interactions. 

Another explanation for the lack of findings, may 

revo lve around the pharmacokinetics of the opioids and the 

opioid blocker, naloxone. Si nce naloxone is a relatively 

short-acting drug with a mean half-life of 60 minutes (ranging 

from 30 to 90 minutes), it is possible that the drug was 

losing its potency in some of the subjects by t he time that 

the aftereffects measures were administered. Since naltrexone 

is a longer acting opioid antagonist, it might have been given 

to address the problem of duration of action of the drug. In 

addition, opioid activation may not have persisted long enough 

following stressor termination to influence performance. 

However, animal research has suggested that stress-induced 

analgesia persists in rodents for as longer as 90 minutes 
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following stressor termination (Drugan, Adar, and Maier, 

1985). 

Also, if the injection of naloxone had been given after 

the stressor rather than before, the results may have 

differed. By giving naloxone after the stressor the effect of 

the stressor on performance could have been viewed in the 

absence of any interaction between naloxone and stressor 

exposure. It is possible that performance deficits are caused 

by a combination of factors, some mediated by the opioid 

s y stem and others not. Our results indicate that performance 

deficits occur following noise, regardless of the drug 

condition. But, by giving naloxone prior to the stressor we 

may have ameliorated deficits caused by the opioid system but 

increased performance deficits due to other factors. If the 

opioid system serves to protect an organism during stressor 

exposure, the stressfulness of the noise may have been 

increased by administering naloxone prior to stressor 

e xposure. Thus, the benefits of naloxone may have been 

negated by greater intensity of stress. If naloxone had been 

given following the stressor, performance may have improved. 

Per f ormance on the math problems did provide some evidence 

that naloxone interacted with stressor exposure. Subjects in 

the no noise saline and the noise naloxone groups showed less 

i mprovement in ability to solve math problems over time. At 

least two possible explanations exist for these results. 

Since subjects i n the no noise saline condition solved more 

problems than subjects in any other condition both at times 

one and two, the results may represent a ceiling effect for 
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this group. On the other hand, post-hoc comparisons at time 

one and time two revealed that subjects exposed to noise and 

given naloxone solved significantly fewer math problems than 

subjects in the no noise saline condition. Thus, although 

there was room for improvement in the naloxone noise group, it 

did not occur. Although Cohen et al. (1982) failed to find 

changes in performance with injections of naloxone in the .2 

mg/kg range, we found impairments in performance in this 

dosage range when subjects were simultaneously exposed to a 

stressor. This finding supports the hypothesis that naloxone 

increases the aversiveness of the stress and suggests that it 

may be worthwhile to replicate the study giving the injection 

of naloxone after the stressor. 

Another expanation for the noise by drug interaction on 

task performance may be related to optimal levels of arousal. 

Subjects in the saline noise group may not have been aroused 

enough to exhibit maximal performance and subjects in the 

noise naloxone group may have been too aroused to perform 

maximally. However, this explanation is not likely since the 

saline no noise group performed the best at both times one and 

two. 

It is also possible that the stress created in this 

study was not sufficient to produce opioid activation. In the 

absence of opioid activation, naloxone would have no effect. 

Again, by measuring opioid levels in a follow-up study this 

question could be answered. Nonetheless, data from this study 

suggest that performance deficits occur in the absence of 

opioid action. Although opioid activity may still be 
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responsible for performance changes in some circumstances, it 

would appear that other factors are responsible for 

performance changes as well. 

Finally, it was hypothesized that naloxone would 

increase the reported aversiveness of the stressor. This 

hypothesis was not supported. Subjects given naloxone did not 

rate the stressor as any more aversive than those given 

saline. And, there were no interactions between drug 

condition and changes in mood before or after the stressor. 

Prio r to stressor exposure however, there were changes in mood 

which related to naloxone administration. Although the 

injection of naloxone had no effect on anxiety or depression, 

subjects given the naloxone became less hostile following the 

injection. This finding may be contrasted to other studies 

which reported no changes in mood or negative mood changes 

associated with injections of naloxone (Grevert & Go l dstein, 

1978; File & Silverstone, 1981) . 

Even though mood improved following injections of 

naloxone and performance did suffered during the task, 

subjects were unable to accurately assess which drug they had 

received. Twenty-eigh t subjects reported that they were 

unable to distinguish which drug condit ion they had been in, 

and of the twelve subjects who did guess what drug they had 

been given, only three were correct. 

Unlike the original studies conducted by Glass and 

Singer (1972), this study did not contain predictable noise 

groups. If they had been included, it would have been 

hypothesized that subjects given naloxone or saline and 
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exposed to predictable noise would not have performed 

differently than subjects given the drug or saline in the 

absence noise. Since aftereffects measures were not affected 

by the drug condition, the addition of the predictable noise 

group wou l d have added little information about the effects of 

the opioid system on aftereffects measures. However, since 

naloxone interacted with the stressor to impair performance 

during t he noise, it would have been interesting to know 

whether these changes could have been ameliorated by providing 

the subjects with perceived control. 

In short, the present study failed to confirm an 

association between the endogenous opioid system and 

performance deficits following stressors. However, follow-up 

studies giving the injection during different phases of the 

experimental session may be necessary to thoroughly confirm or 

re f ute the assoc i a tion. It may also be necessary to measure 

opioid activity directly. However, the resul ts of this study 

suggest that the opioid system is not the sole mechanism 

r e sponsible for after effects. 
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TABLE 1 

THE EFFECTS OF EPINEPHRINE AND NOREPINEPHRINE IN HUMANS 

EP I NEPHRINE NOREPINEPHRINE 

CARDIOVASCULAR 

Heart rate * 

Cardiac Output *** 0,-

Stroke Volume ** ** 
Systolic Arterial *** *** 

Diastolic Arterial *,0,- ** 
PERIPHERAL CIRCULATION .n. 

n·~<•t 
~.j~~~~: 

~:.~)!. 
,, 

** ~/ ~ 
Total Peripheral Resistence 

:';) 
Cerebral Blood Flow * 0 , - ' :~?·. 

... , 
0 ... ~ 

0, - ip·• 

·t· I 

Muscle Blood Flow *** 

Cutaneous Bl ood Flow 

it'>· ' ' 

~·~·:·j 

METABOLIC 

Oxygen Consumption ** 0, * 

Respiration * * 
Blood Glucose *** 0, * 

*=INCREASE; O=NO CHANGE; -=DECREASE 

ADAPTED FROM GILMAN , GOODMAN, AND GILMAN (1980) 



TABLE 2 

MULTIPLE REGRESSION ANALYSES WITH BACKGROUND VARIABLES AND 
EXPERIMENTAL VARIABLES AS PREDICTORS 

2 2 2 2 
Dependent Variable R1 Sig. R2 (R2-Rl) Sig. 

Background Background 
Variables & Experimental 

% Let t ers Encoded .393 . 04 . 573 . 1 80 .025 

# Lette r s Encoded .373 .06 .453 .080 >.1 

% Proofreading Errors . 306 . 1 5 .325 .019 >.1 

# Proofreading Errors . 319 .12 . 370 .051 >.1 

# Pages on Puzzle .222 .43 .248 .026 > . 1 

# Seconds on Puzz l e .337 .11 . 429 .092 >.1 
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Figure 1: Maacl Anxiety 
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Figure 2: Maacl Depression 
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Figure 3 : Maac1 Hosti1ity 
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Figure 4 : Noise and Concentration 
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Figure 5: P1easantness of Noise 
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Figure 6: Noise Relaxing 
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Figure 7 : Math Probl.ems Sol.ved 
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Figure 8: Proofreading 

SAL NOISE NALNO NALNOISE 

GROUP 



c 
w c 
0 
(.) 
z w 
> 
....I 

0 
w 
a: 
a: 
0 
(.) 

(/) 
a: w 
~ 
w 
....I 
u. 
0 
~ 

68 

Figure 9: Encoding Problems 
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Appendix A 

Study Script 



HELLO, MY NAME IS ---- I WORK HERE AT THE UNIVERSITY 

IN THE DEPARTMENT OF MEDICAL PSYCHOLOGY. AS YOU KNOW WE ARE A 

FEDERAL MEDICAL SCHOOL AND GRADUATE SCHOOL AND THIS RESEARCH 

IS BEING SPONSORED BY THE UNIVERSITY. I AM WORKING WITH DR. 

HAGMANN WHO WILL MEET WITH YOU TODAY AS WELL AS DR. BAUM AND 

DR. HOLLOWAY. WE ARE STUDYING THE INTERACTION BETWEEN STRESS 

AND THE ENDOGENOUS OPIOID SYSTEM ON TASK PERFORMANCE. THE EOP 

SYSTEM IS THE BODIES NATURAL PAIN CONTROL SYSTEM. IN ORDER TO 

EXAMINE THE RELATIONSHIP BETWEEN THE NATURAL OPIOID SYSTEM AND 

PERFORMANCE WE WILL BE ADMINISTERING THE DRUG, NALOXONE, TO 

SOME OF OUR SUBJECTS. NALOXONE IS A SYNTHETIC SUBSTANCE WHICH 

BLOCKS THE ACTION OF THE NATURAL OPIOIDS. NALOXONE HAS NO 

INTRINSIC ACTION OF ITS OWN IN THE ABSENCE OF OPIOIDS. IF 

HOWEVER, YOU ARE CURRENTLY TAKING OPIOIDS SUCH AS MORPHINE OR 

CODEINE, THE DRUG CAN PRODUCE A SERIOUS WITHDRAWAL REACTION. 

THEREFORE, IT IS IMPORTANT THAT YOU HAVE NOT TAKEN ANY OPIOID 

DRUG RECENTLY AND THAT YOU TAKE NO SUCH DRUGS FOLLOWING THE 

SESSION. HALF OF THE SUBJECTS WILL RECEIVE NALOXONE AND HALF 

WILL RECEIVE SALINE. ONLY DR. HAGMANN WILL KNOW WHICH DRUG 

CONDITION YOU ARE IN. 

ALL OF THE INFORMATION THAT YOU PROVIDE US WITH TODAY 

WILL REMAIN STRICTLY CONFIDENTIAL. YOUR DATA WILL BE 

IDENTIFIED ONLY BY A CODE NUMBER AND ALL DATA WILL BE KEPT IN 

A LOCKED FILE CABINET. NONE OF THE DATA WILL BE PUBLISHED 

WITH NAMES ASSOCIATED WITH. IF AT THE END OF THE SESSION YOU 

ARE INTERESTED IN RECEIVING ANY INFORMATION ABOUT THE RESULTS, 

WE WOULD BE MORE THAN HAPPY TO PROVIDE IT, HOWEVER, ALL DATA 

WILL BE GROUP DATA. WE CAN GIVE YOU NO INFORMATION ABOUT YOUR 
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INDIVIDUAL RESULTS. 

DURING THE SESSION YOU WILL BE ASKED TO COMPLETE 

QUESTIONNAIRES ASSESSING DEMOGRAPHICS, MOODS, AND BODILY 

REACTION. YOU WILL BE ASKED TO COMPARE NUMBERS, ADD NUMBER, 

AND IDENTIFY WORDS CONTAINING THE LETTER A. FINALLY, YOU 

WILL BE ASKED TO PROOFREAD A PASSAGE, ENCODE LETTERS, AND WORK 

ON PUZZLES. YOU MAY BE ASKED TO WORK ON SOME OF THESE TASKS 

WHILE LISTENING TO A TAPE RECORDING. MANY OF THE TASKS ARE 

TIMED AND I WILL BE HERE WITH YOU TO TELL YOU WHEN TO MOVE ON 

TO THE NEXT TASK. DO YOU HAVE QUESTIONS? 

THE FIRST THING THAT I WOULD LIKE YOU TO DO IS TO READ 

AND SIGN THIS CONSENT FORM. I WILL KEEP THE COPY THAT YOU 

SIGN, BUT I WILL GIVE YOU THE ADDITIONAL COPY FOR YOUR 

RECORDS (***GIVE THEM THE ADDITIONAL COPY). 

NOW, I WOULD LIKE YOU TO FILL OUT TWO QUESTIONNAIRES. 

AFTER THIS I WILL EXPLAIN THE PROCEDURES FOR THE REMAINDER OF 

THE SESSION. DR. HAGMANN WILL THEN COME IN AND GIVE YOU YOUR 

INJECTION. FOLLOWING THIS THERE WILL BE A BRIEF REST PERIOD 

AFTER WHICH YOU WILL BEGIN WORKING ON THE TASKS. 

THE FIRST QUESTIONNAIRE ASKS BACKGROUND QUESTIONS. WE 

ARE INTERESTED IN SUCH THINGS AS YOUR LEVEL OF EDUCATION AND 

MARITAL STATUS AS WELL AS YOUR MILITARY HISTORY (GIVE 

BACKGROUND) . 

THE FOLLOWING IS A LIST OF FEELINGS WHICH YOU MAY HAVE 
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EXPERIENCED DURING THE PAST TWO WEEKS. PLEASE INDICATE THE 

FREQUENCY WITH WHICH YOU HAVE EXPERIENCED EACH OF THE FEELINGS 

DURING THE PAST TWO WEEKS (GIVE SCL-90). 

(***WHILE THEY ARE COMPLETING THE SCL-90 PLEASE 

LABEL ALL QUESTIONNAIRES WITH THEIR SUBJECT NUMBER) 

DURING THE NEXT HOUR YOU WILL BE WORKING ON A NUMBER OF 

TASKS. IT IS IMPORTANT THAT WE MAINTAIN A STRICT SCHEDULE SO 

I WILL BRIEFLY EXPLAIN EACH TASK IN ADVANCE SO YOU WILL KNOW 

WHAT TO EXPECT. 

YOU WILL FILL OUT A ONE PAGE MOOD QUESTIONNAIRE THREE 

TIMES THROUGHOUT THE EXPERIMENTAL SESSION. EACH TIME YOU ARE 

GIVEN THE QUESTIONNAIRE, YOU ARE TO CHECK THE ADJECTIVES WHICH 

DESCRIBE THE WAY THAT YOU ARE FEELING AT THAT MOMENT. 

YOU WILL WORK ON THREE DIFFERENT TASKS OVER A TWENTY 

THREE MINUTE PERIOD. (~~~DEPENDING ON THEIR CONDITION TELL 

THEM THAT THEY WILL BE WEARING HEADSETS TO BLOCK OUT NOISE 

DURING THIS TIME OR THAT THEY WILL BE LISTENING TO BURSTS OF 

NOISE DURING THIS TIME) (GET OUT INSTRUCTIONS FOR ADDITION 

TASK, FINDING THE A TASK, AND NUMBER COMPARISON) . 

YOU WILL BE ASKED TO ADD CQLUMNS OF NUMBERS LIKE THESE. 

EACH SHEET CONTAINS 60 PROBLEMS AND YOU WILL BE GIVEN 2 

MINUTES TO WORK ON EACH PAGE. PLEASE COMPLETE THE FIRST THREE 

EXAMPLES NOW. 
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YOU WILL BE ASKED TO IDENTIFY WORDS CONTAINING THE LETTER 

A. IN EACH COLUMN OF WORDS, FIVE WORDS WILL CONTAIN THE LETTER 

"A". PLEASE CROSS OUT EACH WORD THAT CONTAINS THE LETTER A. 

EACH PART OF THIS TASK CONTAINS 4 PAGES. YOU WILL BE GIVEN 2 

MINUTES TO COMPLETE ALL FOUR PAGES. PLEASE FIND THE WORDS IN 

COLUMNS 3, 4, AND 5 WHICH CONTAIN THE LETTER "A". 

FINALLY , YOU WILL BE ASKED TO QUICKLY COMPARE TWO NUMBERS 

AND I NDICATE WITH AN 'X' PAIRS THAT DIFFER. YOU WILL BE GIVEN 

1 1/2 MINUTES. TO COMPLETE EACH SHEET. PLEASE COMPARE THE 

NUMBERS IN THE LEFT HAND COLUMN AND MARK THE ONE WHICH ARE 

DIFFERENT. 

FOLLOWING THESE TASKS THERE WILL BE THREE MORE TASKS FOR 

YOUR TO WORK ON (PULL OUT THE PROOFREADING TASK) . YOU WILL BE 

ASKED TO READ THIS 7 PAGE PASSAGE AND CIRCLE ANY MISTAKES THAT 

YOU FIND. ERRORS INCLUDE MISPELLINGS, TYPOGRAPHICAL ERRORS, 

PUNCTUATION ERRORS, CAPITALIZATION ERRORS, ETC. DO YOU HAVE 

ANY QUESTION? 

THE NEXT TASK WILL BE AN ENCODING TASK (***PULL OUT 

INSTRUCTIONS FOR THIS). LET'S GO OVER THE INSTRUCTIONS FOR 

THIS. IN ORDER TO ENCODE A PASSAGE YOU WILL FIRST HAVE TO 

ESTABLISH A SET LINE OR -THE LINE THAT YOU WILL BE WORKING 

FROM. IF YOU ARE ASKED TO ESTABL ISH "MH" AS THE SET LINE, YOU 

WOULD FIRST READ DOWN THE COLUMN OF LETTERS ON THE LEFT HAND 

SIDE OF THE PAGE UNTIL YOU FIND THE "M". THEN READ ACROSS 

THAT LINE UNTIL YOU FIND THE FIRST "H." THE LETTER TO THE 
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RIGHT OF THE "H" IS THE SET LINE--IN THIS EXAMPLE THE SET LINE 

WOULD THEN BE S. THIS MEANS THAT THE LETTER WILL BE ENCODED 

FROM ROWS. NOW TO ENCODE THE LETTERS "CF", YOU FIND "C" IN 

ITALIC TEXT AND THE LETTER DIRECTLY BELOW "C" IN ROW S IS 

SUBSTITUTED FOR THAT LETTER. IN THIS CASE "Y" REPLACES "C". 

"F" IS REPLACED BY "J". IF YOU ARE ASKED TO ENCODE NUMBERS, 

YOU WILL SEE THAT ONE NUMBERS IS OVER OF SET OF 2-4 LETTERS. 

IN ORDER TO ENCODE NUMBERS USE THE LETTER FROM LEFT TO RIGHT 

IN THE GROUP FROM THE APPROPRIATE SET LINE. IN OUR EXAMPLE OF 

SET LINES, IF YOU ARE ASKED TO ENCODE '00', YOU WOULD REPLACE 

THE FIRST ZERO WITH THE LETTER 'A' AND THE SECOND ZERO WITH 

THE LETTER "K". DO YOU HAVE ANY QUESTIONS? 

PLEASE LOOK AT THE EXAMPLES AT THE BOTTOM OF THE PAGE. 

CAN YOU FOLLOW HOW THE FIRST EXAMPLE HAS BEEN COMPLETED. 

PLEASE WORK ON THE SECOND EXAMPLE NOW. 

THE FINAL TASK THAT YOU WILL WORK ON IS A PUZZLE TASK. 

YOU WI LL BE GIVEN FOUR LINE PUZZLES. YOUR TASK WILL BE TO 

TRACE OVER ALL THE LI NES IN THE PUZZLE WITHOUT LIFTING YOUR 

PENCIL AND WITHOUT TRACING OVER ANY LINE MORE THAN ONCE. YOU 

WILL BE GIVEN A RED GREASE PENCIL SO THAT YOU WI LL BE ABLE TO 

EASILY SEE WHICH LINES YOU HAVE ALREADY TRACED OVER. EACH 

TIME YOU MAKE A NEW ATTEMPT ON THE PUZZLE, I WOULD LI KE YOU TO 

DISCARD THE USED CARD AND USE A FRESH CARD. WHEN YOU FINISH 

ONE PUZZLE, MOVE ON TO THE NEXT STACK. YOU MAY WORK ON EACH 

PUZZLE FOR AS LONG OR AS SHORT AS YOU WISH. YOU DO NOT HAVE 

TO SUCCESSFULLY COMPLETE ONE PUZZLE BEFORE MOVING ON TO THE 

NEXT ONE. BUT, IF YOU MOVE ON TO THE NEXT PUZZLE, YOU MAY NOT 

GO BACK TO THE UNCOMPLETED PUZZLES. 
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BEFORE I GET DR. HAGMANN, I WOULD LIKE YOU TO COMPLETE 

THE FOLLOWING QUESTIONNAIRE. THE SHEET CONTAINS A LIST OF 

WORDS WHICH DESCRIBE DIFFERENT KINDS OF MOODS OR FEELINGS. 

PLEASE MARK AN 'X' IN EACH BOX WHICH DESCRIBES THE WAY THAT 

YOU ARE FEELING RIGHT NOW. CHECK ALL WORDS WHICH DESCRIBE THE 

WAY THAT YOU ARE FEELING. PLEASE WORK RAPIDLY (MAACL # 1). 

I AM NOW GOING TO GET DR. HAGMANN AND HE WILL ADMINISTER 

YOUR INJECTION. 

~~~~(FOOR MINUTES AFTER THE INJECTION---) 

NOW I WOULD LIKE YOU TO QUICKLY CHECK EACH ADJECTIVE 

WHICH DESCRIBES THE WAY THAT YOU ARE FEELING RIGHT NOW. 

REMEMBER TO WORK RAPIDLY (MAACL #2) . 

PLEASE PUT ON THESE HEADSETS (***DEPENDING ON THE 

CONDITION****OVER WHICH YOU WILL BE HEARING BURSTS OF NOISE 

WHILE YOU ARE WORKING ON YOU FIRST SET OF TASKS OR WHICH YOU 

WILL BE WEARING TO BLOCK OUT ANY INTERFERING SOUNDS) . NOW YOU 

WILL BE WORKING ON THE ARITHMATIC TASK, THE FINDING THE "A" 

TASK, AND THE NUMBER COMPARISON TASK. WHEN YOUR TIME IS UP ON 

EACH PAGE, I WILL TURN THE PAGE FOR YOU. IF YOU FINISH A PAGE 

BEFORE THE TIME IS UP EITHER STOP IF "STOP" IS WRITTEN AT THE 

BOTTOM OF THE PAGE OR GO ON TO THE NEXT PAGE IF THAT IS WHAT 

IS INDICATED AT THE BOTTOM OF THAT PAGE. 

PLEASE PUT ON THE HEADSETS NOW (IF THEY ARE IN THE NOISE 

CONDITION START THE TAPE PLAYER) . 
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0000 NOTE TO EXPERIMENTER 

EACH SUBJECT SHOULD HAVE 18. PAGES IN THE RIGHT HAND 

POCKET OF THE FOLDER. THE ORDER SHOULD BE: 

1. PAGES ONE TO FOUR OF ARITHMATIC PROBLEMS 

2. PAGES 2 TO 5 OF FINDING THE A'S 

3. PAGE 2 OF NUMBER COMPARISON 

4. PAGES 5-8 OF ARITHMATIC PROBLEMS 

5. PAGES 6-9 OF FINDING THE A'S TASK 

6. PAGE 3 OF NUMBER COMPARISON TASK 

~~~~~TIMING FOR THIS TASK 
1. PAGE 1 (ADDITION) 2 MIN 
2 . PAGE 2 (ADDITION) 2 MINUTES 
3. PAGE 3 (ADDITION) 2 MINUTES 
4. PAGE 4 (ADDITION) 2 MINUTES 
5. PAGE 2-5 (A'S) A TOTAL OF 2 MINUTES FOR ALL FOUR SHEETS 

JUST MAKE CERTAIN THAT THEY ARE GOING ON TO THE NEXT PAGE 
6 . PAGE 2 (NUMBER COMPARISON) 1 1/2 MINUTES 
7. PAGE 5 (ADDITION) 2 MIN 
8 . PAGE 6 (ADDITION) 2 MINUTES 
9. PAGE 7 (ADDITION) 2 MINUTES 
10. PAGE 8 (ADDITION) 2 MINUTES 
11. PAGE 6-9 (A'S) A TOTAL OF 2 MINUTES FOR ALL FOUR SHEETS 

JUST MAKE CERTAIN THAT THEY ARE GOING ON TO THE NEXT PAGE 
12. PAGE 3 (NUMBER COMPARISON) 1 1/2 MINUTES 
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~~~~WHEN 23 MINUTES ARE UP 

PLEASE REMOVE THE HEADSETS, THIS TASK IS OVER. 

NOW I WOULD LIKE YOU TO ANSWER SEVERAL QUESTION ABOUT THE 

TASK THAT YOU JUST COMPLETED. EACH QUESTION IS ON A 9 POINT 

SCALE. PLEASE CIRCLE THE NUMBER WHICH BEST DESCRIBES THE NOISE 

THAT YOU HEARD AND THE TASKS THAT YOU WERE WORKING ON. 

I WOULD LIKE YOU TO AGAIN COMPLETE THE ADJECTIVE 

CHECKLIST. QUICKLY READ EACH ADJECTIVE AND MARK THE ONES WHICH 

DESCRIBE THE WAY THAT YOU ARE FEELING RIGHT NOW. WORK RAPIDLY 

(MAACL #3) . 

NOW, I WOULD LIKE YOU TO COMPLETE THE PROOFREADING TASK. 

REMEMBER TO READ THE PASSAGE AND CIRCLE ANY ERRORS THAT YOU 

FIND (HAVE THEM BEGIN READING AFTER THE LINE ON THE THIRD 

PAGE). THIS IS A TIMED TASK SO WORK AS QUICKLY AS POSSIBLE. 

(~~~AFTER 5 MINUTES) 

PLEASE DRAW A LINE UNDER THE LAST SENTENCE WHICH YOU 

READ. 

THE NEXT TASK IS THE ENCODING TASK, REMEMBER TO ESTABLISH 

A SET LINE --READ DOWN , THEN RIGHT , AND THEN RIGHT AGAIN. 

THIS WILL ESTABLISH THE LINE THAT YOU WILL BE ENCODING 

FROM--PLEASE GLANCE AT THE INSTUCTION SHEET AGAIN. DO YOU 

HAVE ANY QUESTIONS? REMEMBER TO WORK AS QUICKLY AS POSSIBLE 
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(~~~GIVE THEM 5 MINUTES --START TIMING AND WATCH THEM AND 

RECORD THE TIME AT WHICH THEY MOVE FROM ONE PROBLEM TO THE 

NEXT) . 

OKAY, YOUR TIME IS UP. 

(~~~LAY OUT THE FOUR DIFFENT PUZZLE IN A ROW IN FRONT OF 

THE SUBJECT FACE DOWN -- THERE SOULD BE 40 CARDS IN EACH 

STACK) FINALLY, THE LAST TASK IS THE TRACING TASK. REMEMBER 

YOU ARE TO TRACE EVERY LI NE IN THE GEOMETRIC FIGURE WITHOUT 

LIFTING YOUR PENCIL OR CROSSING OVER ANY LINE TWICE. THERE ARE 

4 PUZZLES TO WORK ON. YOUR MAY WORK ON EACH PUZZLE AS LONG AS 

YOU LIKE. IF YOU DECIDE TO GO ON TO THE NEXT PUZZLE BEFORE 

FINISHING THE LAST ONE, YOU CAN NOT GO BACK. REMEMBER TO USE A 

NEW CARD FOR EACH NEW ATTEMPT. 

(~~~~~DO NOT TELL THEM THAT THERE IS A TIME LIMIT, BUT 

WHEN THEY HAVE FINISHED THE SECOND PUZZLE TELL THEM THAT THEIR 

TIME IS UP~~~ RECORD THE NUMBER OF CARDS THAT THEY USE 

ON EACH PUZZLE AND THE EXACT LENGTH OF TIME THAT THEY 

SPEND WORKING ON EACH PUZZLE) 

THAT COMPLETES YOUR SESSION FOR TODAY . THANK YOU VERY 

MUCH FOR YOUR PARTICIPATION. DO YOU HAVE ANY QUESTIONS OR 

COMMENTS ABOUT YOUR SESSION? IF YOU WOULD LIKE A COPY OF THE 

RESULTS WHEN THEY ARE COMPLETED WE WOULD BE HAPPY TO PROVIDE 

IT TO YOU. 

(***IF THEY WANT THE RESULTS HAVE THEM WRITE THEIR NAMES 

AND ADDRESSES ON A SHEET OF PAPER) . 
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BEFORE YOU LEAVE, I JUST WANTED TO ASK YOU IF YOU KNEW 

WHAT DRUG CONDITION YOU WERE IN? (*** IF THEY SAY THAT THEY 

COULD TELL) . 

DID YOU THINK THAT YOU RECIEVED NALOXONE OR SALINE? 

THANKS AGAIN. 

(MAKE CERTAIN YOU FIND OUT WHAT DRUG CONDITION 

THEY ARE IN AND INDICATE IT ON THE FORM PROVIDED) . 
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Consent for Voluntary Participation in a Research Study 

l. I, , have been asked to voluntarily 
participate in a research study. 

2 . This project is entitled, "Drugs and Noise Tolerance." 

3. 

4. 

5. 

The purpose of thts research study has been explained to me. I 
understand that the general purpose of this project is to study 
some of the effects of naloxone on noise tolerance. The purposes 
of this study are l) to determine how patients feel \-lhen they take 
naloxone; 2) how b lood pressure and pulse rate respond to the 
naloxone. 

I will be maintained in this study for a period of one day (90 
min.), and will receive $50.00 for my participation. 

This study involves an intramuscular injection of either a placebo 
which is an inactive substance or naloxone (5-10 mg) which is a 
drug which has essentially no intrinsic action in the absence of 
morphine-like substances. Fol.lowing the injection the session may 
consist of the following: 

a. Five minutes of either sjlence or noise. 

b. Comparing numbers, adding numbers, and finding words with the 
letter A. 

c. Solving puzzles. 

d. Finding proofreading errors. 

e. A cuff will be attached to measure heart-rate and blood 
pressure. 

f . Completion of paper-and-pencil measures asking about demo­
graphics, moods, and bodily reactions. 

6. Specifically, I am aware that the experimental part of this proce­
dure involves a) being given a drug or a placebo and not knowing 
the particular drug I am taking until the conclusion of the study; 
b) being given the behavioral tests and completing questionnaires; 
c) measurement of heart rate and blood pressure by automated 
equipment. 
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7. The investigator has informed me that a total of 40 subjects will 
be enrolled in this study. 

8. The risks which are possible are as follows: 

Naloxone has essentially no effects in the absence of a narcotic. 
It can, however, produce severe withdrawal symptoms in the presence 
of such a drug. It may also exacerbate heart problems if I 
currently have any. I understand that I cannot part i cipate in this 
study if I am currently taking any prescription or nonprescription 
drugs or if I have any medical condition such as hypertension or 
heart disease. I also understand that I have been screened by one 
member of the medical staff and do not have any medical conditions 
that would make any complications lilceJ y to occur. 

I UNDERSTAND AND ACCEPT TIIESE RISKS. I also understand that to 
further minimize these risks there will be a phys i cian (Or. Hagmann or 
Dr. Holloway) physically present during all phases of testing and I will 
be instructed fully about the procedures in advance. 

9. I understand that the study director (Dr. Baum) cannot say whether 
or not this study will be of direct benefit to me; it may provide 
knowledge about acute stressors. 

10. If I have any questions concerning this research study, my rights as 
a subject, or i f I believe that I have suffered any injury or 
illness as a result of this research, I may contact the office of 
Dr. Andrew Baum at 20 2 / 295-3270 or the Grants Management Office at 
20 2-295-3303. 

11. I understand that part i cipation is voluntary. 

12. The investigator may terminate my partic i pation in this study if any 
medical contraindication or unforeseen side-effect of the 
medications develop, or if the experimental procedures produce 
distress. 

13. If I should decide to withdraw from the research study, I will 
notify Dr. Baum at 202/295-3270 to ensure an orderly termination 
process. I further understand that I may withdraw at any time 
without prejudice. I further understand that the study directors 
encourage me to ask questions if I have them. 

14. In all publications and presentations resulting from this research 
study, my anonymity is guaranteed; all individual data will be kept 
confidential and seen only by the study staff. 

15. This study does not entail risks beyond those described above. 
However, I understand that the Department of Defense will provide 
medical care for DOD eligibles (active duty, dependents, and retired 
military) for physical injury or illness resulting from participa­
tion in this DOD approved research. Such care may not be available 
to other research participants. Compensation may be available 
through judicial avenues to non-active duty research participants if 
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they are injured through negligence (fault of the government). If 
you believe that you have suffered any injury or illness as a result 
of participating in this research, please contact the Office of 
Grants Management, 295-3303, at the University. This office can 
review the matter with you and may be able to identify resources 
available to you. Information about judicial avenues of compen­
sation is available f rom the University's Legal Counsel, 295-3028. 

16. I CERTIFY THAT I HAVF. RECEIVED A COPY OF THIS CONSENT FORM. 

date volunteer's initials 

The implications of my voluntary participation, the nature and 
duration and purpose of the study, the methods and means by which the 
study is to be conducted, and the known inconveniences and hazards have 
been thoroughly explained to me by the principal investigator or by one 
of the co-investigators in this study, and such inconveniences and 
hazards are set forth in detail in this Agreement, along with my initials 
or signature. I have been given an opportunity to ask questions concern­
ing this investigational study and my participation in the study, and any 
such questions have been answered to my full and complete satisfaction. 

I agree to participate in "nrugs and Noise Tolerance." 

date signed patient signa ture 

printed name, status 

witness signature investigator signature 

printed name, rank, ss n printed name, rank, ssn 
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Background 

1. What is your age? __ Date of Birth _ _____ _ 

2. What is your height? __ 

3. What is your current weight? __ 

2. What is your marital status? 
__ Married 
__ Separated 
__ Divorced 
__ Widowed 

_ _ Single 
How long? __ 
How long? __ 
How long? __ 
How long? __ 

3. If you were previously married, how long were you married? ___ _ 

4. Your highest educational level: __ Grammer School 
__ High School 
_ _ Some College 
__ College Degree 
_ _ Graduate Work 
_ _ Other (specify) _____ _ 

5. Your rank _____ _ 

6. Your occupation _ _ ___ _ _ 

7. How long have you been in the military? ______ _ 

8. Approximate annual income: 
_ _ Under $1 0,000/year 
__ $1 0,000 - $15,000/year 
__ $15,001 - $20,000/year 
_ _ $20,001 - $30,000/year 
__ $30,001 - $40,000/year 
__ $40,001 - $50,000/year 
_ _ over $50,000 

9. Race or ethnicity : __ American Indian 
__ Asian or Pacific Island American 
__ Mexican-American 
_ _ Black 
_ _ White 
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10. In general, how would you describe your health right now? 
__ Very poor 
__ Poor 
__ Fair 
__ Good 
__ Excellent 

11. Has your health changed in the last 6 months? Did it improve, remain the same, or 
become worse? 

__ Improve 
__ Remain the same 
__ Become worse 

12. Have you visited the doctor in the last 12 months? Yes_ No_ 
If yes, for what reason(s) and how many times? ___ __ _ 

13. Do you smoke? Yes__ No __ 
If yes, how many cigarettes do you smoke each day? 

__ under 1 0 (1 /2 pack) 
__ 1 0-20 (1 /2-1 pack) 
__ 20-40 (1-2 packs) 
_ _ over 40 (2 packs) 

How often do you smoke cigars or pipe tobacco? 
_ _ never 
__ occasionally 
__ once per day 
__ several times per day 
_ _ many times per day 

14. How many hours of sleep did you get last night? 
__ under 6 __ 8 1/2 -10 
__ 6-71/2 __ over 10 
__ about a 

15. Please indicate the number of 8 ounce servings of each of the following beverages you 
consume daily: 

coffee ____ _ 
tea _____ _ 

soft drinks(with caffeine) __ _ 
soft drinks(without caffeine) _ _ 
milk. ____ _ 
water ____ _ 
other ____ _ 
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16. Are you on a diet? Yes _ _ No __ If yes, what kind? 
_ _ fasting 
__ calorie counting 
__ carbohydrate counting 
__ other 

17. Do you take any prescription drugs? Yes _ _ No _ _ lf yes, 
specify _ _ _ _ _ _ 

18. Do you take any non-prescription drugs?_lf yes, how much and how often? 
_ _ aspirin. _ _ ___ _ _ 
_ _ vitamins _ _ ___ _ _ 
_ _ minerals. ___ _ __ _ 
__ allergy medications _____ _ 
__ cold preparations. ______ _ 
__ sleeping pills. _ _ _____ _ 
__ other _____ ____ _ _ 

19. Do you drink beer or wine? Yes No _ _ 
If yes, how many glasses of beer or wine do you drink each week? 

__ 1-5 
__ 6-10 
__ 11-15 
__ over 15 

20. Do you drink alcoholic drinks other than beer or wine? Yes_ No _ _ 
If yes, how many drinks do you have each week? 

__ 1-5 
__ 6-10 
__ 11-15 
__ over 15 

21 . How often do you exercise? 
__ every day 
__ 5-6 times per week 
__ 3-4 times per week 
__ 1-2 times per week 
__ never 

22. What kind of exercise do you do? ____________ _ 

23. When was the last time you exercised? _ ___ __ _ 

24. When was the last time you were ill (cold, flu, ear infection, cuts, breaks, 
strains, etc.)? _ _ ___ _ _ 
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INSTRUCTIONS 

Belov is a list of probl~m9 and complaintg that people sometimes 

have. Please read each one carefully. After you have done so please 

fill in one of the spaces to the right Yith a check that best descr i bes 

H0\.1 MUCH TIL'IT PROBLEH HAS BOTHERED OR DISTRESSED YOU DURIHC TilE PAST < 

veeks INCLUDI!lG TODAY. Make only one check mark for each item. 

I'"' 
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-2- .... ... .... .D ,., .... .... - .D >-
"' 

., Q) .... - u "' QJ ... ~ "' E ., ... ... QJ QJ .... Q) ... ... 
HO\J MUCH liTRE YOU BOTI!ERED BY: ... - "0 ..... ... 

0 0 "' "' :z: < :t: 0' w 

1. Headaches 
\ 

2. Nervousness or shakiness inside 
l. 

J. Repeated unpleasant thoughts 

that uon't leave your mind J l \ 

4. Faintness or dizziness I I 
5. Loss of sexual 1nte~est 

or pleasure \ 

-
s 

6 . Feeling critical of ot~~~s 
• I I 

7. The idea that someone else 

can control your thoughts 7 I I I 
8. Feeling others are to blame 

for most of . your troubles 

9. Trouble re~ember~ng things 

5 

' \ I 
10. korried about sloppine~s 

or carel"s~ness 10 I I 
11. Feeling easily annoyed 

or irritated 1\ I I I I 
12. Pains in heart or chest 

·~ l \ 
13. F~eling afraid in open 

spaces or on the streets 
·~ I l 

14. Feeling lou in energy 

or aloued dm.rn '"' 
15 . Thoughts of ending your life 

" 16. Hearing voices that other 

people do not hear 
, .. 
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- 3- "' QJ QJ ..... 

.-< ... "' C1l ... ... "' E ., ... ... .... ., QJ 

.... - QJ ... .... ... ~ .J:J -c ~ ... 
0 0 c- "' :z: < :>: .... 

17. Tre!llh ling 
7 

18. Feeling that most people 

cannot be trusted 1& 

19. Poor appetite 

' 20. CrJing easily 
;l.O 

21. Feel~ng shy or uneasy 

vith t he opp osite se ~ ~I 

:!:C. Feelings of b<!ing tra",~ped 

or caug h t 2l 

23 . Sudc!e:tly scared for no reason 
:B I I 

24. Te::::per outburst th;;t 

you could not control .1.~ \ \ \ 

15. Feeling afra id to go out 

of your house alone 

26. Blacing yourself for th ings 

2S I I 
u. I I I 

<I 

,. 

27. Pa~ns in love~ b.>ck 
:17 I I I I 

28. Feeling blocked in getting 

t hings done 28 I \ \ 

29. Feeling lonely ~9 I I 
30. Feeling blue 

)() I I 
31. ~orrJin g coo much about things 

.3\ I 
32. Feeling no intere~t in things 

).2 

33. Feeling fearful 
.:n 

34. Your feelings be ing easily hurt 
1-,... 

35. Other people being ava r e of 

your ~rivate thoughts 
3'5 
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"''""' ~ .... .... ., .... <.J .... -- •. ~ - ... .... C) ~..:: ., - ..: .... 
~ .2 X 

<( C" w 

36. Feeling others do not under-

stand you or are unsyopathe t ic .J b 

)7. Feeling that people ar e 

unfriendly, or dislike you 37 

38. Hav ing to do things very s lovly 

to insure cor•ectness Y.! 

)'?. Hea rt pounding or rac~ng J? I I I 
40. Nausea or upset stomach 

40 I I I I 
41. Feeling inferior to othe~s .. , \ I I I \ 
42. Soreness of your musc l es 

... ~ I I I I 
4;. Fee l ing thJt you are vatc!:ed 

or talke d ab out by othtrs 43 l \ 

44. Trouble falling as lee? 

45. Having to check and double-

check vhat you do 

. 46. D~~~ic~lt~ m~k!ng dec~sio~s 

4"1 I I I I 

I 4<, \ I I l 
...... I I 

47. Feeling afraid to truve l on 

buses, subvays or trains 47 I I I I 
48. Trouble getting your bre a th 

""' I 
49. Hot or cold spells 

149 

SO . Having to avoid certain 

t hings, places, or activities 

because th ey frigh ten you S"C 

51. Your mind going blank 5 1 

52. Numbnl!ss or tingling in 

parts of your body ~!2. 

53. A lump in 7our throat 
:1"3 

-
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-5-
-; . - ,... ., ., -- .., .. • ., ... ... u "' t; 

"' ... ~ H ., .., ., 
~.a .. .., ~ ... 

u - "0 ..... -"' ... 
g ~ .5- X 

< w 

54. Feeling hopeless 

about the future ~ ... 

55. Trouble concentratin g 
!\~ 

56. Feeling ~eak in 

parts of your bod:t su I I 
5i. Fee!ing te,se or keye d up 57 I I I 
58. Eeavy feelings in your 

a=s or l egs :5~. l l l •, 

59. Thoughts of dtat~ or dying 
"\9 I ·I 

60. Overe a ting 
LO I I I I 

61. Feeling ur.easy uhe ~ peorle a re 

v~tching or tal king ab out you <.I I I I I 
62. Having thoughts that 

are not your ovn (.'), 

63 . H~~ing urg es to be a t, 

in~ure, o ~ ha~ someon~ 
t.. :?. 

64. Auake~ing in the ear ly morning kA I I I 
65. Having to r e?eat t he same 

actions suc h as touc hing , 

counting , uashing 1..'5 

66. Sleep that is restless 

or disturbed 
u. 

67. Hav ing urges to break 

or .-mash things "'' 
68. Having ideas or beliefs 

that others do nee ~har~ 
t..8 
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<0 ...... ,., 

-6- "' " .-< 

• .... - u ., "' " u u "' E .... ~ ... .. .... OJ 
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c ...... "0 .... .0 ... 
~ 0 ::J " < T" c- !>l 

69. Feeling v~ry self-conscious 

v ith others c..~ 

70. Feeling uneasy in crovds, 

s uch as shopping or at a movie 70 

71 . Feeling eve~;thing is an effort ..,, I \ I I 
72. Spells of terror or panic 

:L' I I I 
73. Fe~ling uncomfortaol~ about 

eating or drinking in publi c "'' I I I I 
74. Gett~ng into frequent argu~~nt s 

.,~ I I l I 
75. Feeling ne:--Jous vhe!l you ar~ l"!"t alone 

7~ I I \ 
76 . Oth~rs not giving you prop~r c~edit 

for your achieveoent s 

77. Feel~ng lonely even vhe n you a'~ vich 

~,. I \ \ I 
77 I I 

people 

78. Feeling so rest~ess you couldn 't 
'~ I I 

si: st:!.ll 

79. Feelings of vorthles s ness .., .. \ 1 

80. The feeling char something bad is 

going to happen to you 'Pn 

81. Shouting or throving things Rt 

82. Feeling afraid you vill faint 
82. 

in public 

83. Feeling that people vi!l take . 
advantage of you if you let them 8~ 

84. Having thoughts about se~ chat 

bother you a lot 81 
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4J ~-"' <J ... ... 
r: ..... "" ~ .... 
0 0 ::J " z < ;;:: 0' "" 85. The idea that you should be 

punished for your 5 i ns 95 

86. Thoughts and images of a 

frightening nature &., 

87. The +dea t hat so~ething 

serious is vrong vith 

your body 87 

88. Never feeling close to 

anot!'ler person 88 

89. Feelings of guilt e'l I \ I I 
90. Th~ idea that something 

is vrong vith your mind 1o I I I 
91. Feelings ·of help l essne ss 19\ I I I 
92 . Having to avoid people 

~.l. \ \ \ I 
9J . Feelings of it not 

mat~er~r.g vhen given choices 93 I I I 
94. Feeling like you re a lly don't 

care whether you do one thing or 
94 

another 

95. Sudden noises makin g you ju~p 

or shake badly 
95 
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1 0 active ~5 0 ftt 89 0 peaceful 

2 0 adventurous 46 0 forlorn 90 0 pleased 

3 0 affectJono.te 47 0 frank 91 0 pleasant 

4 0 afraid · 48 0 free 02 0 pollte 

5 0 agitated 49 0 friendly 93 0 powerful 

6 0 agreeable so 0 frightened 94 0 quiet 

7 0 aggressive 51 0 furious 95 0 reckless 

8 0 alive 52 O&UY 96 0 rejected 

9 0 alone 53 0 gentle 97 0 rough 

10 0 amiable ~-~ 0 glad 98 0 sad 

11 0 amused 5~ Qg!oomy 99 0 safe 

12 0 angry . GG Ogood 100 0 satisfied 

13 0 annoyed :.7 0 good-natured 101 0 secure 

H 0 awful 58 Ogrim 10:! 0 sh:~ky 

15 0 bashlul 50 0 happy 103 0 shy 

16 0 bitter 60 0 healthy 104 0 soothed 

17 0 blue G1 0 hopeless 105 0 steady 

18 0 bored 62 0 hostile 106 0 stubborn 

19 0 calm 63 0 Impat ient 107 0 stormy 

20 0 cautious 64 0 Incensed lOB 0 strong 

21 0 cheerful 65 0 Indignant 109 0 suffering 

2.2 Oclenn 6G 0 Insp ired 110 0 sullen 

23 0 complaining 67 0 lnterestL'<l 111 0 aunk 

24 0 contented 68 0 Irritated 11:! 0 ~ymp:1thetic 

25 0 contrary 69 0 jealous 113 0 tame 

26 Ocool 70 Oioyful 114 0 tender 

27 0 cooperative 71 0 klndly 115 0 tense 

28 O critical 72 0 lonely 116 0 terrible 

29 0 cross 73 Olost 117 0 terrlfied 

:10 0 cruel 74 0 loving 118 0 thoughtful 

::J1 Odaring 75 Olow 119 0 timid 

::J2 0 desperate 76 O lucky 120 0 tormented 

33 0 destroyed 77 Om:ul 1:!1 0 understanding 

J4 Odevoted 78 Omean 1 ~ ... 0 unhappy 

35 0 dlsngreeable 70 0 meek 123 0 unsociable 

36 0 discontented 80 O merry 124 0 upset 

3"7 0 discouraged 81 Omild 1:!5 0 ,·exed 

38 0 dl!lgusted 82 0 miserable 126 0 warm 

39 0 displeased 83 0 n~rvous 1:?.7 0 whole 

40 Oencrgctlc 84 0 obliging 128 0 wild 

41 0 enraged 85 O offencled 1:!!l 0 willful 

42 0 enthusiastic SG 0 ou t raced 130 0 wilted 

43 0 fe:~rful 87 0 p:tnicky 131 0 worrying 

44 0 flne 88 0 p:~tlcnt l:l:! 0 young 
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l 2 3 l1 5 

ment ion runntne; morning ncie,hbor dropping 
loddc r numerous ~ct t i n£-:. !:itrong Gb:Leen 
bench promi~c puz zle door inzteod 
theory runny \Iitty moon moment 
further skip dryly !>OOthe vor·ker 
shutter bloom ~\/i tch quarr·el S\lift 
publi::::h pe r·fwr.:: f e llo" spe ll1n~ joyful 
spread monl-'.e y ulottet' \/heel comfort 
deliver eleven rnel t.e<l steom fertile 
remind dismul expe11:;e sober divide 
improve sponee rinr.i ng nieht. th rone 
forbid history dunllllt.: cou ch velvet 
puddinc b i!:t.: Uit. mixture 5\/t:ll readily 
~unri ze: nobody ttJU<:h corr·ect tier. cent 
revard teOlfJ)t.: picnic heu.r ChWlk 
pro~::ress consi~t \lhistle vindov sense 
intense indeed lemon bitter eig!lt 
bridle distant "i.thin lively greu:;e 
prize scenery s hriek engine moist 
goose je s lint: rid<.lle compd rocks 
indoor hovl politics t\Ji nl<le click 
\lind in£ jwnp leuve serene empty 
temper figure vintry modern freedom 
messac;e depe nd r e J.i ::::h revive uottle 
virtue race yonder fifth report 
en<.lw·e sprout. brc:nd study demure 
sixth honey sveep boaGt bu::::hel 
chalk cloci-: pri lll:e juicy unfold 
motor duke con !'ide scorn foWld 
route cliff socf:et moou locket 
syrup four l'utigue !ieize merit. 
gold stLO\Il mon~tcr ivory generul 
cpicy lunch exploue ren~\1 :UupulG<: 
lion cro\Jd milli on colony notch 
vool extent er.1pire loudly pwup 
pine guard regula r t1or~e cruise 
sour jolly chun~h giant drift 
cork upper bulge vi::;i't:. tir;er 
pint noon tirn i.d OW\Ce hilly 
sheep dough plum stone happy 
dusty expect mos:; being occur 

GO ON 'fQ 'r!IP. NEXT P/\GE. 

---------- -· .. . 
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Pngc 3 P-1 

6 7 9 10 

ostrich coll<:c t exe<~pt splinter "'ootls 
pe l'iod truth >~elcon1•· ribbc>n ::orting 

event prc:ci ~t strut.:l'.h: ::triraf: bunch 

middle dc :: i[.':ll >~ord li fl ('ll :;a\./ 

right cotton blue expre~s 1'l.oor 

fro?.<·n rc !;t:~nt urun((e picture settle 

dod(~'' strid,· '""[' l uy !'it: r·y l owly 

'oJhi. tc fit: !'Cl: ::port:; cnvy l rencli 

tOlll~h up n.>u r· cow·t uo l\rtl clutch 

OCt: HI\ noLi o 11 htunor· ti.m<: !' l unge 

cru:;h li{.'.h l f>l'"Ut pruu.l <:tn l' l'i f~id 

grind rurul ind,.:x tru!llpt: t heuring 

cloud co lo r· ~;k i ll<.:J po'oJth: r ground 

dnlwn sc:tll •: dit:;.~OVt.'I ' ill t:U. dO >~ hun tint: 

bulky l'u·~ . L t:nO I 'IHO ll ~ upr::n ing whine 

su pply prup•:r sec t'L' t eru!:h polish 

double outl>ut·::t dothin1: ro rl>i d r.rieve 

equip p11zz1." routint: iliLE:II~I: ::ensiul•~ 

bot t o;n. r ur11i ::II ::hod: eY.tent division 

green gnd.J OlUUb tdnh:t te11cher 

munnur spr·u11t :;j i,',fltil scv~ ra l degree 

thrive conru ... ·t~ t couulL'J' sleepy on I•: r 

bo.: eomc l:'.nunulr: qu icl~ group strong 

collect ]JO:.;i t ion error· ousi:: l ength 

feeling rur·van.t t:V(•n i 1\C crt'ep port i o n 

suspend hurTiu le di!'l't! l' hCJ\J.l coating 

machine t\t ·n:..:•: ru).,,· cnoueh e-xpect 

yie lding iJc: <.ll di :::1 i l'.e yo.: lJ ()>I smooth 

slicht fot:cY '.'Or:o:hip I.Jluut rubbish 

incrr:ase 
~ 

c,lu~;~ c l.u:.; t~:r · develop power 

continue muttt:t ' ~t:Vt' rC COitllli rtc :;lendc:r 

de ::: 1 re c rutch tout: II blur-. II COtilUIOrt 

you :.It fi..:tion :;mol'.y provide refuse 

t'resh hou~~ birth olive uubi.Jle 

....ash encn:Y botauy Gt.:i c.e board 

dress SOOrter onle r .Ly insert trifle 

::;term re:::tlt:~ !.; <.:Ortll'lll noble level 

excel sin<.:t:re br.:ad th 'oJOrth I:Jr·okcn 

delieht exc.lu<le re co rd in stunt uniform 

figure iDIJll'I"'-'S cuoicc: rlo;~er !'.lyer 

t'oJist conto.:!.'t splendid ~,; peech ob::erve 

( 
CO Oil 1'0 'l'HE Hf:·:T Pi\GE. 

~opyright 0 1962, L975 by Educational Testing Service. All rights reserved. 
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" 

Part l (continue<\) 

11 12 13 11~ 15 

stunned ditch rccogni?.e notion ;:hubby 
vicinity blown christ<:>n seving oulpour 
luckily Ufl fit ml?rcury drovsy scoured 
shudd~?r OU[:ht di sgu l~e bugle offend 
nowhere sirup \JCB. ring loiter explore 
~ubsist kno: l t counsel ~;pool r ecline 
counte~s ridge bouquet belle :;ledge 
sponsor corul inscribe scent Cll(~r:r l y 
profile tomb throttle ceusc heroine: 
fttint do ?.e z.oninr. blithe isthmus 
bont'i re stroll pe\lter onset thoueh 
rc fund gushine tyrant lofty ci~tern 

offense prcl'ucc debris epoch sylvun 
custard sputter mod-e~t vho~e mo~ t.ly 

recover r.icely ro::rine I'JlOll prosper 
pitiful reptile fleecy plural t~o~dious 

homely labor enroll siphon explode [) rucdy boldly l~u. v~$ mount relieve 
citron single d.::lUI:e blingle sirloin 
ignite deport t!Urlt:d wrung wander 
squeak surrey obscure superb hyphen 
goblet college d!e btor mildly condense 
propose hoarse quarter double veiled 

·observe brovse en rorce buried certify 
seldom inherit pompous ste:eple vinegar 
intrust repose burrO \I ebbed industry 
resume behold humbug import heiress 
earnest crouch apple: voman futten 
croquet deride exploit furrov founder 
c.mpress recoil urgent sturdy whoever 
corrupt caught twnult embers surgeon 
emotion slight jevels tempt glisten 
neither invest unfurl impose scepter 
endless gross grunt idea return 
instead inner beech secede shout 
exempt punch sight o\/Tler bulky 
species dizzy horde ravine outer 
corps heed throb horror droll 
peril chess petty crust enter 
zome oven numb buzz. ~;nuff 

crev spurt vhom seek item 

~) 

GO ON TO THE NF.XT P/\GE. 
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Page 5 P-1 

Part l (continu• ·<l ) 

lb 17 lll 19 20 

finish sh~ppin~ blis~ pour ,;udu•"n 
einger throut:ll ri.een . clrugs ti :;,;uc 
sligl::..ly ciJestnut rOtH\ t'ilm b.lall r: 

routine lacY. che\J mt: ,; I 1 l0 r11:: ly 
wither mi~!:ion glut:: ch:t:'~~,.! \II'J,;t 

strife "i thout li..\i r:s pt :I.LC'.' !lUI'SCl'Y 
eyelet guessed po:, Ler thiTI[', uq~i.nr: 

juncle ea. s t~r·n 1\un\.llt: poli.<>: turnip 

willow r\r::c pr::; t rt:-r.:cnt onion r(:Vl~al 

prison ;;tu t't'c·<i tuttrur: ~LricL dccid•:t.! 
outline t.,;cnty d i':c:u,; t tvo•l.'JO: chi runo;y 

plcasi:Jg COL ta ;.•,t- I' (:Ulkl' 1\tn t:rr:r: enLin~ly 

midnight opi11ion ~:lol'i ou ~; rnultjiJ Jy jaunty 

robbery sis tt:= r·s t'orl.ont ch ucf·.l·~ rejoice 

bestow mit tr:: n nobody pcpr•c:r· ~<-=~:~ion 

wi dely al:Jerlicnt o.:vi.dr::nt \.11.-"llrl l:llJO'o.' 

curb blurr·ed !.it:~vt.:n Lh kettle r·o.: ~a!) L 

root cl.t:cti::m earnc·st tii::;l [ k• : \Ji rlu" 

( usual dc·:;t.iny pronoun CUIW: !3t1· .ir1e 

lO\Jer outing rc_·bukl: tre nch ltoo;:(:d 

lofty tnr.ne 1. como;dy not;· cl dr: nti::t 

cycle p itch ty· ibu u: . COfl~if:(l t pi.<: C'L: !:: 

globe cloves unju~t mO!'O:'. C: l<:~.~ion 

negro knife leal' pupil cri;;p 

slice IJlr:nty quer:n cripp]e mu::h 

\lrong loyal method brook l'ul.ly 

cordial l'i rty dollar piel<.l (: o.cold 

better chorus bodi.ly llot;tilc bounc·~ 

dotted execs'S migttt chost:n rc~;cnt 

roving giggle glove flutter ~tntHlc•: 

dollar injury tencr ~vord !:iC:IIL~.te 

\lirele ss t'Ou!' th th:::rn dchty t'rc:cklr:: 

decrease beaccn crisi::; r cl i.ance stoat 

outside frown pinch dovn Lo·.m Ui(~CS t 

undue oblige ve:-.ed inclose holll.Jy 

roller w1like t'IJine pillOIJ b!·ush 

voter option brier( logical fissure 
block celery focus melon leather 

creep blithe census rustic vic.:to:·y 

bite thirty buyer bonu::; do'l.t-n 

cent none shrub invite Jll'Oil(!. 

(. . 00 NOT GO ON TO 'I'll£ NF:X'r PAGE Ul'fl'IL YOU MP. !ISK!J) TO DO ~0 . 

S'I'OP. 
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Page 2 P-2 

Part 1 (1 1/2 m2~i u:l~:; ). 

Hake an X on the 11oe bet\/een the l!.~~'l''~!:·s +.fL~r- r>s'i: 1:.ot the same. 

6:?9 6:?9 h. !.4':}U2 '•15')82 

4714)06 l1f1530G 6C'!,q l (>0971 

65:?82 65:?72 _!,; (:,2~1~1]11[', 1625)91if'l 

71'.) 710 I; 20) !'·>< ~ J(O 1(~101fl)')l'/GO 

4)210573 -- 4)2105T) 64-1.' 1'.:,-,·~ ;(·9 611[1075(.9 

6182653905221 618265Y.XY)2.?l ~ !215 )~'';)9: ~~·.::, l. 721 )b:~9925)1 

4)270105))8 l, 327G1053 :;B )1,1'?~rj·~o~ )lol79WI01 

271092.10dlo) 27) 09fil665) eo:.::.-.:-D<,1:::·r,u eo):, '?0) 1 :.•lo/J 

)l '}(jQ) 5l-;;G05 )') 11 :.o.' :;(l ~ ~. 'J~ 591l)OG~,~;tl o ')1 

92)452170GU7 ')23'• ')2l'{OCIJ'( b )t: t : .. (J.~\ t. tJ :i·l ;,olll 

3705113lltl )10)'1 )1••1 '• :i·• 11 ~,[; : 1 •7 ·• 71 .~0 ' 1 

2570Gb5292 2570Gi,529'..: GueL~t~,~ :-i1H 15 God:.>l)o 'lfYI5 

32018591670 )20 1l.lG') l (;(o 59 )C· ~- :·'!,:: l Y:· )-1 ::,o:;.ij21 :,G 

547107569) )lo '(lO'(;l•ll ) ~?;,Go ~.}·~ ·.\-~, 1 )'I 2)Go:,l:c9'•1 )7 

6215329925)1 -- 6::JJ.)82')925 .~l & "/,'J!..t95 8051 ::..u ') ) 

241798)0 :?lo1'198)0 l~02.t [t4 =~ ~/) l.:! lo lJ::' lOio :,)Gl2 

7053705121;8 705 ) 70572ioiJ loO)l7t-1P..!, }09 lo0517Uiiol)09 

7)61408 7)61'{08 eo 1!.. > ;;:-. '! ~: .nc I'A:l1 '•5 )'•979G 

39471307 39'• 'll'YJ7 5-12 ~ ~~~ ·:;-n ))210573 

5082G498750:? 50W~G '• 9!'1750) ~! 1 B?£ ~.:;~:,l.t) ~,21 71 IJ2(•)YJ05:..'l 

49)05/32136 49)05£121~6 ));:>[1010-)),il 53:::70105Y> 

1)60)17941)7 1)60~l79io1:,7 ~~ lO';J~: -lt.-~')1) :;-r1n981G8,, 3 

705731195 7057)6195 (.1.9t.J05 619505 

)82104)5512 :?8210535512 .!i23~)2-lj'Ot..: -H7 l2)1o)2l')OG87 

( DO NOT GO ON TO T1IE NEX'I' P:ll:c.£ Ui'll'1Tl!.. Mi2'2'l TO DO SO. 

STOP. 

· Copyright 8 1962 'by Educat 1ona1 Ter.o~ b:.g S~<.t'V"lc~. All ri11h ts reserv ed . 
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51 
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69 
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44 

75 
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23 
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67 
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17 
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30 
9X 
)l) 
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63 
l)2 

85 
47 
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38 
25 
77 

33 
51 
65 

67 23 
95 74 
)2 R 

50 7) 
42 17 
D. 1.2. 

40 5 
3 26 

59 XtJ 

33 42 
S<J 23 
lii .lli 

58 63 
86 29 
~ 22 

73 66 
n s9 
45 :n 

83 
14 
l2 

39 
90 
X2 

16 
lX 
39 

47 
74 
.3.1 

78 
34 
()5 

52 
45 
~ 

49 
27 
36 

31 
X 

53 

84 
34 
12 

19 
56 
45 

19 48 
57 17 
83 39 

17 81 
55 XJ 
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44 99 
7 l\X 

80 77 
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lfi 12 
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23 2 
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6 
23 
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83 
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13 
26 
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12 
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93 
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67 
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67 
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112 

55 
10 
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48 
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99 

55 
31 
.lJ. 

72 
9X 
62 

23 
7 

(it) 

96 
7R 
H 

96 
68 
29 

77 53 18 
24 49 61 
44 77 22 

46 85 28 
37 34 73 
yt) R 44 

48 62 31 
I 8 I 3)) 

98 23 4X 

3(i 58 17 
32 60 49 
XX ll iL 

90 77 62 
50 34 73 
2() ()I 23 

6 91 9 
85 21 RX 
31. 49 13. 

94 
5 

37 

n 
34 
63 

11 
74 
(i{\ 

43 
15 
3X 

59 
19 
56 

77 
24 
3R 

38 42 
58 34 
88 76 

14 4!\ 
65 2~ 
R3 77 

98 37 
X7 32 
.3..2 fi2 

17 41 
97 57 
X2 7R 

97 84 
57 79 
.ll E 

86 77 
11 84 
48 .5.2 
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12 
3 

23 

12 
33 
27 

12 
12 
.iQ 

13 
21 
11. 

14 
13 
3.l 

12 
12 
11._ 

34 
56 
56 

34 
67 
.3..2. 

45 
14 
84 

45 
47 
65 

63 
56 
51 

45 
42 
Q1 

89 
38 
74 

65 
2 

RO 

25 
6 

.31l 

67 
47 
lN 

56 
86 
67 

23 
64 
.2} 

90 
97 
.B.l 

85 
9l) 
()<) 

64 
7R 
15. 

23 
68 
74 

89 
68 
H9 

87 
78 
45 

64 3 
56 33 
:n 22 

64 54 
45 21 
'/1.7 21 

66 68 
5 16 

32 u 

73 85 
83 25 
.11 4 

35 89 
42 56 
31 .iQ 

31 76 
59 74 
87 til 

7R 
22 
42 

33 
56 
44 

34 
75 
76 

13 
31 
56 

14 
78 
68 

46 
56 
52 

55 
76 
11 

90 
66 
.26 

9 
21 
n 

8 
6l) 
21 

76 
95 
42 

77 22 
49 50 
39 80 

76 30 
78 12 
W> (ll'i 

38 82 
37 52 
nl n 

76 81 
65 97 
D 69 

7R 54 
34 67 
62 3.1 

56 12 
64 84 
fi5_ R9 
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1 
l 

32 

21 
21 
ll 

32 
12 
31 

32 
21 
11 

21 
43 
Il 

21 
12 
12 

33 44 
21 6 
33 1l 

34 21 
54 13 
li 18. 

65 88 
56 88 
52 .13. 

56 32 
56 88 
54 67 

4 77 
67 . 89 
i6. 66 

22 44 
33 66 
.12 Il 

12 
X 

55 

54 
41 
90 

55 
54 
22 

67 
31 
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11 
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31 
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7K 
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16 
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56 
12 
7R 

ll 
90 
32 

78 
55 
fi7 

89 
99 
12. 

78 
45 
77 

33 
56 

3. 

11 
76 
54 

90 
n 
1(\ 

91 
79 
l1i 

78 
34 

4 

48 
23 
t)() 

82 
45 
li 

?" _ _, 
12 
67 

12 
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62 

31 
34 
52 

12 
23 

() 

44 
21 
76 

33 
12 
21 
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'?uri:. 2 ( 2 minute 5) 

21 22 23 2'· 2) 

fringe dif!'iniH quick cutting provoke 
sister comli tio:\.'l: success summon gently 
meet river vi nne r exercise Junee 
thrifty flush govern because resi~t 
floving justi ce tt:nn merry strict 
engineer souc!'lt lo.vn soldier dirty 
errand baJJny chum perfonn pause 
profit fe nce limit subject tender 
v~gor belief' Gn0\1 pennit comb 
forceful cunnin~ organ observe equul 
tinge countn ur l e f fet:blt: model 
veak blo5 sot::~ income return united 
drove disea se crovn instruct poin t 
truth summon heulth control trust 
filJ:ny S\Jeet ahu t t e r \<.night begin 
cravl fever costume friend keep 
loss unity flilence cubject post 
useless storm money number quurt 
border forgive editor p rinti ng grovn 
product qu.uli t y gozs i p effort. bliGter 
liquici. Violent \lr i ttng perform cc reen 
construct sphere course constilll t blend 
hinder enroll requer; t shiver thrive 
before blouse nobler dinner bOlU"lty 
foreign blind vound prosper YJ\OCk 
divide style stock ve ssel sound 
thrill heud boiling breeze bloom 
last eyes p\.Ul ish bang critic 
conduct rule kneud shirt locul 
dress join defense complex gifted 
gloom honest c01mple te music member 
volume commcn:.:: section vring burst 
consist bridge 'Walnut earth shortly 
muddy heieht bruise bold pierce 
gleam trembli co·l\.Unll rough brown 
depth spark w~ifonn friend car 
fruit invent enter secure liberty 
recent tiGsue offset dreary direct 
bright shrink bkmd cover effect 
first guide Vil:!U beside touch 
thicken vivid mE~:k noiGy driver 

GO CN m 'J!Fill NEXT PI\GE. 
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P-l 

Purl :-' ( conti nu.::tl) 

26 27 28 29 30 

discount l.Jullon civ i l Sl.liuuning grind 

buckle stn:t:t Lrou~h :.;trugele strr,tch 

possible tooUt 1./0lldl!l" poult1·y outcome 

buil<line lu;.ty pump j OU!' nt:y kindly 

trouble corner CO I ' I) uppo~ i tJ~ thread 

exe1·t LU1"11 blurf 1.1ro.: tclt frolic 

believe Lhro\1 ~hort LILU(:h t bonu~ 

source pro t t:•: L U(:UI~ h :;lit~ht reci.t.e 

devote tlt: t'L·i.l l k._.epc r <.:Ul''tCd pul~ e 

labor lll:l"V L' CC:"tlll:tll pn.:Lty ~\llunp 

reser·ve tri.111 lll llll tly Ol'i gill cru::;t 

hope!'u.l pul .l··Y hull .:tin l.Jvhiml shelter 

penny rorltlllt: ~~ ltuul.Jl c r.ertuin choose 

learn thi ,;ll(: impt·opc:r shrink part 

screc:n collar rovl:rty promise using 

purse t:!;lL't:lll cotlra£l' impulse foldcu 

sketch ~tll'll b C.OU CJIIt:'L cu::-ren t cell ing 

quietly broY.•:Il Sl<''ltCil di.srnt ss theme 

mischi~·f t\:aLht:l' purpo:.;e brono.k·r surprise 

revolt. cl r: vo.:,. ht:arli ly ner.lc:r:L uutcher 

flyinr. flour· CJ<H.: :.;L ion t:orweil plo1.1ing 

preciou!; s turUiti t reccivr:: blundr.·r Ghingle 

similar LL"Il<' !'i t les !.: t~n 1.1inler tntnk 

sullen li !;Llt:c:~ lO\.ICl t:wallol.l scheme 

grocery inqu \ t· ,·: pa:.;L l>t:nd in(: lumber 

pottery del'lni Le ruc~~c~d COilCJLt•~r bet\let:n 

tumble cltit:KL'fl l.le i tcht pr·ni ,,e lie scribe 

throb t.ici~L·L t.rucY. t.k::i~~ll uictinct 

spoil po:;Ltii'E! prompt tin!:t:l merchunt. 

iueal tltt·u~ t n:p:ion union ofi'erinr; 

pledee !'onna.l ~ocie ty pride st.e~ple 

trust hcn<:o.: rnen tal rollo1.1 think 

circle Ut~ ~()TJn.: cre~t. t.o1.1er l'.nown 

other coffe•: field spon1:e relief 

ease Ito.: 1'0 i ~IU prc!;s uphill purple 

solid pl(;U.!; i tllt dtO\.IC!' vessel mildly 

bound courtesy tjCesc policy ready 

flood pu:;ttin~ l i kely needle flour 

bruise e. tory cuctorn persist erect 

scene gulf title verse spend 

offi<:e plutnc public honor 'Whole 

( 
GO ON 1'0 '1'!18 NEX'l' PI\G8. 
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Par,e tl 

Po.rt 2 (Conl i nued) 

Jl 32 33 34 35 

extend sonnet sherbet enn.i.ne jockey 
derric;;. verify ctutning finest. conr.ur 
seeded ellipse nomin<:e lucky" diG tort 
divert vespers revelry trophy console 
toast referee dubious borne p<:n~ive 

\thine shrimp crochet dump duchecs 
jostle coerce vcni~on vigil impetus 
resound tonic hyciene elude duplex 
diverse vital z.ellith poem gristle 
shre\ld cough crct1.rny eagle race 
bristle suburb exertion leech mole!::t 
\thence eclipse terrace quick remedy 
pauper bunting coun cil expire r;erene 
instill fervent utili:t.e mu!;krat bill0\1 
compile shortly coroner decide lilacs 
expend tenant !;coffer triple medley 
redeem iodine d.i ~tr i ct pecan decline 
subside comely v i thin score fluent 
inspire supple insult fresco unison 
convict orchid !;Leady Gteed reverie 
nearer ·deliver convert grove CO!::tume 
perplex exploit c;iding strive dutiful 
strain former minor mutiny servcnt 
\Iiden chagrin retort jester conver!::e 
concise hustle thesi~ beaver hor17.on 
trustee tr<:ble clirna te de~ir;t conside r 
company using govern rigid deposit 
enliven tendon brevity donor hiehly 
indorse moose futile mumps unique 
l:eener closed do cile profess IDllrine 
tutor gopher ethics chemist entice 
instep lyrical cured flourish scope 
mildew porter sleigh initial clique 
unify finite enves deprive broth 
rouse pollen orbit pupil older 
signs search expose chore libel 
gorge piston lon~er flute cra\ll 
punch rebel siren ivory tools 
sheer ether hover gypsy soul 
pursue peony usurp brook. creep 
hotel throne myth 1-".ne\1 odor 

GO ON TO T][E NEXT PAGE. 
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Page C) P-1 

Part 2 (Conti ntH·d) 

36 37 J8 39 t,o 

sunlight d\le lling non:~ense silver mention 
rhythm trumpet thillk me l.J.o" sirnpl c 
thunder discover bc..: U11Ly g~nerou :; St~V(:!l 

outcry mixture tenth :;econd ctJul.k 
morsel brother C J'Utol.J inse c: t jurnl1lt: 
frontier villain froee<.lom t,"Uilt worth 
frequent memory re,;c:mble !>Pring mer.::.1 y 
vhisper indirect slight cour:.;e selfi~lt 
industry vigorous burnine pockf: t i g!IOl'l: 

sparkle rinelc t ~~ li :.ten turning carp(: ntr: r 
summer calmly moving fli cke r elt::tu~nt 
shelter minute uli,;hL senrc h b]c:nd 
enlarge ext rem~ corr.mr_·nt spi !'it sultry 
interest dign i. ty nq;lt.:•;t:. tircu tc:a cll 
vritten living on:hLlrll resien n:vi.c:\1 
lover sturdy dis tres s humble lirnh 
torrid properly cheer idl,_: nr~r.!.: meln<ly 
lodge lesson la r.t dire c tion po~~; c-~s 

( squash yield eloss tempe:::L shininG 
proverb poverty conti nue student holl<w 
svollen motion suef'.C'S t meci.i um burd'"" 
present thouglit mouth decent bul'rn lo 
rumor ~av sinct.: re shorL.ly colllp1cte 
science loose rcr.ort joint remind 
tovard pe rfect mourn !;Unny >~onn 

vorry 'WOrld early i'orlom coup]e 
shout speech \I re c k Lli scord earth 
endure robust confuse private cruel 
spelling greedy pc:ncil holdin~ soften 
people orphan c:ncr~y repor t poetry 
hollo\1 crude check concert thin.l 
lifting reduce polite ree.son smiling 
crystal 'Whole cipher concern biolo~y 

exhibit stove speed l etter copied 
produce center repeat singing device 
nimble orator noisy utmm;t future 
little shrill diges t enjoy hour 
voice jolly service education robin 
vords cro\1 finger refl~::ct vie\/ 
rent dimly nestle muffle glory 
doubt notice listen junior home 

DO Nar GO DACK TO PA!!T AND 

( DO Nar GO ON TO ANY OTHLH 'rE'3T UNTIL YOU ARE ASKED TO l.JO SO. 

~-

Copyright8 1962, 1975 by Educational Testing Service. All rights reserved. 
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Page J P-2 

Part 2 (1 1/2 minutes) 

Hake an X on the line betveen the numbers that are not the same . 

757) 7573 289414 2tl9414 . 

347820 349820 17906 17906 

4951 __ 4951 16719581024 ------ 16719581024 

4573043 457104 3 16719581024 

375012~3 -- 37501243 3965701746 

125093562816 --- 125093562816 135299235127 

8350107234 83501072)11 1389714) 

34861890172 3486170172 84215073508 

506915 5<16915 94 1£15L..031195 

786071254 329 78~071255329 [\()111638 

41345073 41 345073 70317494 

925660752 925c.i6o752 ?·57894621306 

1671958102; 167175::102) o312d50395 

3965701745 -- 3~·65"t'Ol7 " 5 731497130632 

135299235126 13529923513~ 591137506 

13897142 -- 13897142 2155)40121.l4 

84215073506 -- 8421507350 7 125131:5807 

941856031194 - - 9418460)1194 90314b6'11504 

8041637 8071637 6ffl94 35 310£1 

70317493-- 703174')3 . 37501235 

35789462805 -- 35789462805 125093562817 

6312850394 - - 6312850 394 8350107235 

731497130631 -- 7314971 )0681· 34861890173 

591137507 -- 591127507 506916 

DO Nar GO BACK TO PART 1 AND DO Nar GO ON 

TO PJrf arHER TEST UNTll ASKED TO DO SO. 

167195810211 

3665701746 

135299235127 

13897145 

84216073508 

941856431195 

80414)8 

703174911 

3578956281)6 

6)12850795 

731497130632 

591167508 

21553401284 

1251373507 

903148671504 

68754354108 

37501235 

125093562817 

8350107235 

3486184017) 

506616 

Copyright ~ 1962 by Educational Testing Service. All rights reserved. 
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Proofreading 
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PROOFRE~ING T~SK 

Your task ~ill be to prodfread a passage and to circle any ~istakes that 

you find. Below you will find =xamples of some common types of errors. 

Mistake Correct 

1-tisspellings decreace decrease 

Typo~rafhical errors ata at a 

Punctuation errors .Moreover: it is Moreover, it is 

Capita!ization errors eugene, oregon Eugene, Oregon 

Incorrect ... -ore the dear ran the deer ran 

Verb error the studen~s takes the students take 

Your task will ~e to find the errors 3nd circle them. Read the passage 

fro~, left to right ar.d do not s>-:ip c.ny lines. 

• "Here is an example of what your task is like : 

When sufficient people begin to stay in a slum by choic~ several 

ot.~er ([mportantthin~ also begin to~ 

Please do not begin work until the experimenter gives you the signal. 
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·. 
THE US'!"S OF NF.IGHF.ORHOOD PARKS 

Conventionally, neighborhood parks or parklike open spaces ar~ 

considered boons conferred on the deprivPd populRtiQ~S nf riti~s. Let 

us turn this thought around, nnd consider citv par~~ e:rpiv~~~ 

thatehe boon of life and appreciation crnferred cr. them. This if 

more nearly in accord with reality, for peopl~ do confer u~e nn ~ark~ 

an~ ~ake them successes--Qr else wi~>hold use and doom parks to re-

j~ction and failure. 

Parks are 61a tii;'o places. They tend to run tQ extremes of popu­

l~r'ty and unpopularity. Their behavior is far from simple. They can 

be delightful features of city districts, and economic assets to their 

surrcundings as well, but pitifully few are. They can grow more beloved 

and valuable with the :vears, but pitifully few show this staying power. 

fQr every Rittenhouse Squr.re in Philadelphia, or Rockefeller Plaza or 

Washington Square in New York, or Boston CommC'In, or their lovPd equiva­

!ents in ~cities, there are dozens of disr1rited citv vacuums 

called parks, eaten around with dPcay, littlE nPed, unloved. As n woman 

in Indiana said when asked if she liked the to'WT' square, "Nobody therP 

but dirty old men \lbO ei:0 tobaCCO .1uice and try tO look up your 

skirt." 

In orthodox city planning, neighborhood open spacPs are venerated 

in ar. amazingl,• uncritical fashion, much as savage~ venerate magical 

~ Asty a houser how his planned neighborhood improves on the 

old city~ he "ill cite, as a self-evident virtue, Jo!ore 0pen Space. 

Ask a zoner about the improvements in pro~ressive codes and he ~ill 

cite, again as a self-evident virtue, their incentives toward leaving 
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@open Space. \olaH: "':lth a pli!nner through a dispirited neighborhood 

and though it be already scabby with deserted parks and tirPd 

landscaping festooned with oldE~ he will envision ?. future of 

More Open Space. 

More Open Space !or ~hat 1 For muggings? For bleak v11cu ums between 

buildings? Or for ordinary people to use and enjoy? But people do not 

us~ c1tv ope n space just because it is there and bec11use city planners 

or designers wish they woul1i) 

In certain s pecifics of itts behavior, every city park is a case 

unto itself and ~ef ies generalizations. Moreover, large parks such as 

Fairmount Park 1n Philadelphi2, Central Park and BronY Park and Propsect 

Park in New York, Forest Park in St. Louis, Golden Gate Park in San 

Francisco, Grant Park in Chicago-- and even smaller Boston Common--d iffer 

much within therrs~;lves from Pare to part, and they alst' rece1v<> <!!ffpr-

ing i nfluences •rom the different parts of their citire!': "'hich they 

touch. so~e of the factors in the beh avior of large metropnl i tan nark~ 

are too complex to deal with in che f~rst part of chis book; thev wi ll , 

be di.scussed lacer, in Chapter Fourteen, The Curse of !larder Vacuums. 

Nevertheless, even though it is mis lead1n~ to consider any two ci ty 

p~rks actual or potential duplicates of one another, or to believe that 

~eneralizations can thoroughly explain all the peculiaritie s of Rny 

single park, it is poRs:lble to generalize about a Few basic principles 

that deeply affect Virtually all neighborhood parks. Moreover, under-

standing these principles helps somewhat in understanding influences 

working on city, parks of all kinds--from little outdoor lobbies which 

serve sa enlargements of the street, to large p2rks with maj0r metro-

politan attractions like zooos, lakes, woods, ~useums. 
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The reason nei~hborhood parks r~veal certain general principles 

abou t park behavior more clearly than specialized parks do is precisely 

that neighborhood parks are the most generalized form of city park that 

ve possess. They are typically intended for general bread - and-butter 

use as local public yards--whether the locality is predominntely a 

workingplace, predmoinately A rP~idential place, or a thoroughgoing 

mixture. }lost city squar~?s falls into this category of generalized 

public-yard use; so does most project land: and so does much city 

pnrkland that taY.es advantage of natura features like river banks or 

hill tors. 

The first necessity in understandin~' how cities ad their parks 

!nfluence each other is to jettison confusion between real uses and 

~ythical uses--for example, the science-fiction nonsense that pakrs are 

"the lungs of the city." Jt takes about tl.ree acres of woods to absorb 

as much c3rbon dioxide a; four pP.opleexude in breathing, cooking and 

heating . The oceans of air circulating about us, not not parks, keep 

citie~ phrom suffoca ting . 

~or i s more air let into the city by a given acreage of greenery 

than by a~ equivalent ncreage of streets. Subtractin~ streets and 

adding their square footage" to parks or project malls is irrelevant to 

the ouantities of fres h air a city receives. Air knows nothing of grass 

fetishes and fails to pick and choose for itself in accordance with them 

It is necessary too, in understanding park behavior, to juk the 

false reassurance that parks are real estate stabilizers or community 

anchors. Parks are not automatically anything, and least of all are 

these volatile elements stahilizersof values or, of the jr neighborhoods 

and districts. 
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•. 
Philadelphia affords almost a controlled-experiment on this point. 

When Penn laid out the city, he placed at its center the square now 

occupied by City Hall, and at equal distances from this ceni:er he placed 

four residential squares, h~at has become of these four, all the same 

age, the same size, the ~ame orignal use, as nenrly the same in presumed 

advanta~es of location as they coulc be made? 

T~eir fates are wildly different. 

The best known o f Penn's four squares is Rittenhouse Square, a 

~elove~. successfu l , much-used park , one of Philadelphin's greatest 

assPtS t oday, the center of a fashionab l e ne i ghb orhood--indeed, the onlv 

old neighbo rhood in Philadelphia ~hich is spontaneously rehabitarlng its 

ed~es 2nd extend1n~ its reaJ estate values. 

The second of Penn's litle parks is Franklin ~quare, the citv's 

Skid Ro~ park where the hom~lPss, the unemployed and the peopJe of 

indigent leesure ~ather amid the adjacent flophouses, rheap hotels, 

missions, second-hand Clothin~ stores, readin~ and rightin~ lobbies, 

pawnshops, emplovment agencies, tattoo parlors, burlesque houses and 

eateries. This pa rk and its users are both seedy, but it is not a 

dangerous or crime park. Nevertheless, it has hardly worked as an 

anchor To real estate values or co social stability. Its neighborhood 

is scheduled for large-scale" clearance. 

The third is ~ashington Square, the center of an area that was at 

one time the heart of downtown, but is now specialized as a massive 

office center--insurance companies, publishing, advertising. Several 

decades ago ~ashington . Square became Philadelphia's pervert park, too 

the point where it was shunned by ofice lunchers, and was an 

unmanageable vice and crime problem to park workers and police. In the 
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mid-1°50's it was torn up, closed for more than a year, and redesi~ned. 

In the process its users, were dispersed, which was the intent. Today 

it gets br1ef and desultory use, lyin~ mostly empty exept at lunchtime 

on fine days. Washin~t on Square's district, l ike Franklin Square's, has 

failed at spontaneously maintaining its value s , let alone raising them. 

BeyoPd the rim of off ices, it is today des i gnated for large-sca l e urban 

renewal. 

The f ourth of Penn's squares has been whittled to a small traffic 

island, Log~n Circle, in Benjamin Franklin Boulevard, an example of City 

~eautiful planing. The circle is adorned with a great soaring fountain 

and beautifully mairtRined planting. Although it is discouraginp to 

reach on font, and is ma in ly an elegant amenity f or those speeding by, 

it gets a trickle c>f population on fine days. The district Immediately 

adjoining the monumental cultural center of which it is a part decayed 

terribly and has already been slum-cleared and converted tc> Jladiant 

City. 

The varyin!!. fates of these squares--especially the three that 

remain squares--illustrate the volati l e behavior that are characteristic 

of city parks. These squares also hapoen too illustrate much about 

basic principles of park be havior, and 1 shall return to them and their 

lessons soon. 

The fickle behavior of parks and, their neighborhoods can be ex­

treme. One of the most charming and individual small parks to be found 

in, any American city, the Plapa in Los Angeles, ringe~ with immense 

Magnolia trees, a lovely Place of shade and history is todav incongru­

ously encircled on three sides with ebanadonP.d ghost buildin~s and with 

squa lor so miserable the stink of it rolls over the sidewalks. (Off 

- - -- - -- ---.. ·· -- ----------------- · ··--···· ' " -
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the fourth &ii:\· :\ .e: .a '1'\ez:;::r:m• l!.~rn-:!21: 1%=·2>.2>!:, ic.1lmq! f-ive. "I; 'Jf"~;:',g.c ll':ark 

in RostN!, th;: ::~·:o;;il"'en.<:f~ IJ~t:a""'.;y · "'"uz~'l. 1'1-! a · r~C!"·!'.~ ~)lBuril~. 8 

park preciseh- •l'f ~.ii>T li.:!~:; ..C tr.!\~ '!:!1 p~'Jw',;nli!. iil11::o =v aoJf t ·ot!3-,"Y' ~ ~8-

t1c8ted redewloi)Jli'J~ !ll:n!s<, -~"' dl.e c ·<!1J•J!'e;r o.:5 a me~r..ui'o.:oo.!: ~nar.r ~ers 

to have been 'ir:roft>~l;. 'ml"e· lkut9,ej .!t!lo,ure, t~_-fumlfl!!T1!m1:l'Y Tll! dli.!lf<'!l!l!!'.t.!: from 

those 1 n hi gr <f~~a~ att 'UL!!.Pr ~1!2-<:f•-e-£ arfo' :P.HJ!ore~]jphia' s 'P-:!l~!t""h<JtUS:E> 

Souare neigh'Ul'::t.:i<MJ~;c,71i. a:::t.umibi:..!::tl!<. f!:r.!m. £!ULJl o:f ~i!.11e, .wi'tll !ru'JI.~,.·oent 

ne~l ect. As on" hr:uW! l ·n a = c-r:acks, :i'1 i's <i\!mlol1 s't.e<f 2ni;i ttlN: !",;ami] y 

1P tl1t: next h:Ju·~·t ~J~ . !llJtv . ..-;::1 5"''"' s.........:le'C~~; a, fP.w :nrorrt'hs latet t:!\at or.,tf ~goes 

and che houst ;,.,:,7nr£i !!:~- •>!lli!JC:lll<3_ ~'o. lPI".n' ts ln:vol\•.ed b tth::!s,. m~>l!!lnely 

rurposeless, ~!';!. ~;, :;~,_,., __ l!'mli ·i'f, am£ azlta~r.lll!en:t, <Wi'tlr.• !fra 1itttr.]te 

phose park, rl\,.,c~e't-'io:-a· :.! ·r·~ ~ .~od r~~c~'i!:;;a:i: a!'T'Irl'Jo!l'T.agt. a<I! t!f:e Cllt!<l!".er of 

the havoc. ftia:h-.:-r<!'.'~ 'i: i~>; :!:1 }.,zicc:!:~ro-:rtt- t....: ·k mol!~ Ji'!l,Htt'!.:!:f1<!11 ana !li>'JT<lmf! 

park and affl!'!:f·- ~i\t<. :f~,"" ·'~ ., . ~tl'-"' 'i'l . ~!!rlaw;Til. o.,'f 1tih·e ocli:;-y =cl· efhF lt.oav. 

Its n!Oi!2hbor~ .-r. ,5.,. c1! ~.'~ou~t (.ii!b:fl.!'-:::1, :t!! :=ri !IU.nri' J:i.li.e :r':o! Tj)~-:;lt lrDe'!.!i. 

Forgenerati01.s 'it hal> i«11·E:C 'tto 211'.~-r=r:. '11e'v.1=~ ~Y ~n.,•:f.a:~. ~~~: oif the 

bittere!'t d1o"'PT•cinL~':I ·!. ~m \.,u.J.<d:.\1. w;c•j ;of'T': ilJ .~o!l>~'' fs On ~·a':!! h:rre of 

teh parks an~ ~'J>"' :J;-r•mmi'-'f. :!..."!' t:tte"n lls-:r-2E>l!.± '-' l':mlll'.r..;_,.. ;r~. :lt-..cr~Ul>le .<C'.) ;c,.cent 

valuP!!' or to ·60: :a'b.i.'n·z,.e .• Brt :a!i<OIR: :il:IJ!JT.I1"V~. n.llt!<ir ll':ll::'i¥.hbtYl!t,,."tt.s.. s.t.'t1ce 

thE: rim of ar.-.1 :di:Y' :ra.rlt. cn'fc· q:i!ac:.:t; <!lT if'"'"~ ' "'='t Jl<ih.n\L-7ll<i!~ how r'<'~T<" is 

the city Ope~; ~·e '>11itr!i- a. tniiL rr.lh'l!ll =!lt!.is."l>Mri!T :'} l!'l:fierts tP...e su;p~sed 

magnetism or !S'ta'hi.'!!.il'.J~ 'i-n'O:.oznz:."' :7'i!'lrli.:i:rq, "llr ~lks. 

And comuile1· a1y.- ilil¥. ~ l.ilan· '~~='' 3'c-· \Offi5:1''!o IIIIOS't cf t:!!Lte rilme. just 

as Baltimore•'!'; ~e:;;nrt:~L~ lf.ei\F:r~ IH:!CJ."l ~- Tim t:i:nr:i=aTi"s. tva finest 

parks, overll!lJ·U"f!.& rl1t. >t:i!.~. lf '<Rf' ae.Ji(!' 'tlVI ftnd. = a ~!~i.E, hot 

September aft~'T..nour1· a, ~~1 tt:.rr:;z;I •::.:7 ;B:a: 10e.t-rs-• ~tilree t~'!l'-age girls 

and one young tU...,:rp'l£-l, ~ !IIIEii!:!~. £!!"!':-..::. ;n'f11A!I:' s:troeeit :i:n Cj=i'll!:Ilat:1 was 
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swarming ~ith people at leisurP who lacked the slightest amenity for 

enjoying the city or the least kindnes~ of shade. On a simlar after­

noon, witth the temperature above ninety degrees, T was able to find in 

Corlears Hook park, a landscaped breezy river-front oasis in Manhattan's 

heavily populated Lower East Side, just eighteen people, most of them 

lone, apparently indigent, man. The children were not there; no mother 

in her right mind would send a child) in there alone, and the mothers of 

the Lower East Side are not out of their minds. A boat trip around 

~anhatta~ conveys the erroneous impression that here i s a city composed 

larr:Ply of pnrkland--and almost devoid of inhab1 t:lnts. l.flw are there so 

ofte~ no people whcr~ the parks are and no parks where the people are~ 
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Encoding Task 
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ABC t:EF GHJ ~ MV KR sr IN Wl( ',2' 
0 1 2 3 4 5 6 7 8 9 A VTGK PSM Cl.N to DQ FHE W8 RY XJ UA 

B BTMS JHA EOY PG WF ONL vx Ul CD RK c OJLU 'WYP SAN MD FT OHX VA EC Gl3 IK 
D LIOA MFB JGH UN CT XPY ED rn SK WI 
E HGJX DTR YSN IC VM BFK 00 PA lJ.N EL 
F EXGI WTF OYL BA MJ PKH va DR NU cs 

ABC CEF GHJ ~ MV KR sr w V\0( ',2' 
0 1 2 3 4 5 6 7 8 9 

G HXYJ a=N URA WK CE LPB TM vs 01 CG 
H YDTV PKO ISH NJ FO BGX CL EM RA lJ.N 
I UENJ ARV FIP wo SY COM XG TH En KL 
J JTCG AXM lNE SR DP a::e 

"""" 
KY FH Ll 

K VFDT Xr-N uro Fe JY EPG HM LD KS NA 
L OXRB TCO INS PH KL WGY FA OJ lN ME 

ABC t:EF GHJ ~ MV KR sr w V\0( ',2' 
0 1 2 3 4 5 6 7 8 9 

M RVHS TXQ AJL YK GU MPW 00 IE CN FB 
N DUG! 'WYK EHL SJ TF XRC VP NM OA 08 
0 CBHR VYJ PLG ox NT IFE MA 00 WK su 
p VWXS RlO LPT GY NM OKI.J f-F EC AD JB 
a suvr RPL NID MJ YW XBC FE Q-l AJ KG 
A FVFO GYV PJA 00 KL MBE Tl CH ux ~ 

ABC CEF GHJ ~ MV KR sr w Wl( ',2' 

0 2 3 4 5 6 7 8 9 
s AKLY INJ ERH FG BT MXJ sv LQ PW ox 
T VYOT O<N JEO MF Gl3 PLD RW HS UA XI 
u JVYM F03 PHL ES DC WIR AB KU XO NT 
v UTNC 'M.O ~ BS JX CfN AF GY MH IP 
w RX:C HBX TOS FV LP JEA m MN IK DY 
X Vatvto JLN TSI a= AP HKW BY UR XG CE 
y LUOP Olv1K cvr ER HF NGS XT JD WA BY 

SET LINE: READ DOWN-RIGHT-RIGHT 

1. ESTABLISH lD AS SET LINE 5. ESTABLISH 00 AS SET LINE 

OA86342183- RM96359824; 

2. ESTABLISH SC AS SET LINE 6. ESTABLISH MM AS SET LINE 

FD21683121- PJ95487623= 

3. ESTABLISH AS AS SET LINE 7. ESTABLISH CM AS SET LINE 

CM90384416; AL38241432= 

4. ESTABLISH AB AS SET LINE 8. ESTABLISH NE AS SET LINE 

C8976786532- BG02445976= 
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Appendix I 

Insolvable Puzzle 
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