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ABSTRACT

This study sought9 through analysis of pre-competition epineph

rine (E) and norepinephrine (NE) and psychological paper-and-pencil 

questionnaires9 to identify pre-competition arousal levels in college- 

age male .swimmers9 and to relate arousal level to experience and per

formance levels of the swimmers 0 Physiological data were compared and 

combined with psychological data to determine if either or both datum 

were better indices of pre-competition arousal level0

Fifteen male -swimmers from The University of Arizona were 

tested: three times for urinary E and NE levels9 and given the Sport 

Competition Anxiety Test (SCAT) during the first basal collection and 

the Competitive State Anxiety Inventory (CSAI)9 during the second basal 

collection and prior to PAC-10 Championships0 It was hypothesized that 

lower arousal would lead to better performance; higher experience levels

would lead to lower pre-competition anxiety and arousal; the psychological

and physiological scores would demonstrate a low correlation; and SCAT 

would predict state CSAI scores better than catecholamine state scores0 i

A statistically significant (r = 0459 jd < o05) correlation between
- NEperformance and pre-competitive —  levels was obtained0 Swimmers with 

lower pre-competitive arousal performed better than swimmers with higher 

pre-competitive arousal0 Experience levels did not influence arousal0 

There was a very low correlation between the psychological and physio

logical indicants9 and the SCAT predicted CSAI scores better (r = 0679 3 

jp <,005) than it did. catecholamine scores (r == „219 p_ ^05)»

viii



CHAPTER 1

NATURE AND SCOPE OF THE PROBLEM

Although many athletes perform poorly or exceptionally well in 
athletic competition, few of them can readily attribute their degree of 
success to any concrete, repeatable acts or attitudes,, This is particu
larly true in amateur athletics, and can especially be observed in 
college sporto However, there are some empirical data which may be 
gleaned to help athletes repeat good and improve poor performances,. In 
the past, the athlete's performance has been largely dependent upon his 
own and his coach's expertise, experience, and intuition0 With the 
recent advances in sport studies, however, it is time for both coaches 
and athletes to understand success-related acts and attitudeso Investi
gation of arousal through psychological inventory and physiological 
indicants may provide the modern-day athlete and coach better methods of 
self-improvement„

Everyone has seen the athlete who performs well above his/her 
previous capabilities, and some have even observed that athletes' be
haviors prior to his/her performance,, The athlete may have appeared 
agitated, nervous, and highly anxious? the athlete may have seemed re
laxed, calm, and not even conscious of his/her forthcoming performanceo 
The athlete may have fallen somewhere in between these two extremes on 
the arousal scaleo It is believed that, while arousal may be an

1
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individual characteristic, optimizing of pre=competition arousal may 
provide benefit to differing athletic populationso

Simply put, pre-competition arousal can be classified into three 
reactions? over-arousal, under-arousal, and, of course, optimal arousal. 
Arousal is seen by Martens (1974) as an organism's response —  in some
energetic manner —  to a situationo The concept of anxiety includes an
individual's perception of threatening situations which results in a 
certain degree of arousalo Landers (1980) sees arousal as being uni- 
dimensional, a construct of intensity and not direction:, He feels that 
anxiety, on the other hand, contains a directional dimension, so that 
"the individual may experience unpleasant emotional reactions associated 
with arousal of the autonomic nervous system" (Landers 1980?77)° This 
direction of arousal is "often referred to as stress or state anxiety" 
(Landers 1980:77)° In current literature, the terms "arousal" and 
"anxiety" are often used interchangeably, and Martens (1974:162) sees 
arousal as "an amorphous concept not rigorously defined by theory0"
Anxiety has historically been viewed by the coach as either positive or
negative, resulting in, respectively, either a "positive mental attitude" 
or the state of being "frozen up" or "totally psyched out0"

In order to control for pre-competition anxiety, it is important 
that the athlete as well as the coach determine exactly what the optimal 
arousal level is for each individual. While this is often done intui
tively, many variables which play an important part in optimal arousal 
can be cited: degree of psychological and physiological preparedness
for competition, differences in nutritional or sleep patterns, the



nature of the task, and the individual”s degree of competence in dealing 
with the changing task demands0

Psychological reaction to competitive situations is not often as 
directly measurable as is physiological reaction, but it is probably the 
key delineator between success and failure in higher levels of athletic 
performances An important building block within this psychological- 
reaction framework appears to be a confidence borne of both previous 
successes (reinforcement) and the experience inherent in those prior 
competitions, whether or not the end result was successful0

Fortunately, measurable indicants which accurately detect this 
competitive arousal level are now feasible =. This thesis sought to 
examine the degree of anxiety prior to competition through self-appraisal 
(psychological inventory) and the examination of catecholamine excre
tions in the urine (physiological indicant)= Further, this degree of 
anxiety was related to the performance of those competitors studied0

Statement of the Problem 
The purposes of this study were to: (l) determine whether per

formance levels of college-age male swimmers would be affected by dif
fering degrees of anticipatory anxiety? (2 ) determine whether anticipatory 
anxiety levels were affected by differing levels of swimming experience? 
arid (3 ) determine whether physiological and psychological measurements 
were equally predictive of performance,.

Hypotheses
For purposes of this study, the following directional hypotheses 

were formulated:



lo College-age male swimmers whose urine shows a higher norepin
ephrine (ME) relative to epinephrine (E) ratio (indicating lower antici
patory anxiety) before their league championship swim meet will perform 
better relative to self than those swimmers whose urine shows a lower 
HE relative to E ratio (indicating higher anticipatory anxiety) 0

20 College-age male swimmers who score lower on the Competitive 
State Anxiety Inventory (CSAI) before their league championship swim 
meet will perform better relative to self than those swimmers who score 
higher on the CSAIo

3o College-age male swimmers who have experienced relatively higher 
levels of competition in the past will exhibit a higher HE/E ratio level 
before their league championship swim meet than will those swimmers of 
lesser experienceo

4o College-age male swimmers who have experienced relatively higher 
levels of competition in the past will score lower on the CSAI before 
their league championship swim meet than will those swimmers of lesser 
experienceo

5o The combination of catecholamine measurement and CSAI scores 
will be a better predictor of performance than will either measure alone0 

60 There will be a non-significant correlation between the basal 
physiological and psychological anxiety measures and between the pre- 
competitive physiological and psychological anxiety measureso

7o Sport Competition Anxiety Test (SCAT) scores will predict anti
cipatory anxiety state better when it is measured by CSAI scores than 
when it is measured by catecholamine measurement0



Definition of Terms 
The terms used throughout this study are operationally defined 

as follows;
Basal Anxiety: Anxiety measured during a non-stressful period,

indicated by: (1) scores on the SCAT; and (2) the relative NE/E ratio0

Anticipatory Anxiety: Anxiety measured just prior to competition
in the PAG-10 Swim Championships, indicated by: (1) scores on the CSAI;
and (2) the relative ME/E ratioo Higher CSAI scores and lower NE/E 
ratio levels are indicative of higher anticipatory anxiety while lower 
CSAI scores and higher NE/E ratio levels are indicative of lower 
anticipatory anxiety0

NEPrecompetitiye Catecholamine: -g levels measured prior to the PAG-
1 0 Swim Championshipso

Catecholamine Ratio: Ratio scores of precompetitive catecholamines
NEdivided by basal catecholamines (-^ precompetition levels divided by

NE—g basal levels)»
Performance: A percentile score determined by appraising each indi

vidual 's PAC-10 Swim Championship event time (taken from the trials of 
the first event swum by that individual) relative to his prior best 
1979/80 event time (sea? ^  ^  X 100).

High Experience Group:^ Swimmers who have, prior to the PAC-10 Swim 
Championships, competed in either the National Collegiate Athletic 
Association (NCAA) swim trials, Amateur Athletic Union (AAU) Nationals, 
or Olympic Trials- '

1See "Experience-Anxiety Relationship," p0 40, for further details=



2Low Experience Groups Swimmers who have, prior to the PAG-10 Swim 
Championships, not competed in NCAA trials, AAU Nationals, of Olympic 
trialso

Scope of the Study 
The study included members of The University Of Arizona Men’s 

Swim Team who qualified for the 1979-80 PAC-10 Swim Championships0 Pre- 
competitive anxiety was measured in each swimmer prior to his forst 
individual event swum in the preliminary trialSo Therefore, generaliza
tions based on the results of this study must be limited to a similar 
population and a similar competitive situation,,

Significance of the Study 
In the realm of sport endeavors, excellence of performance seems 

to have become the ultimate goal, and coaches, athletes, and spectators 
have come to require sterling achievements of performers0 This goal has 
resulted in improvements in equipment, training methods, and diet which 
have provided most modern-day athletes advantages over their forebears 
in athletic contests= But the equipment, training, and nutritional 
effects are ultimately finite: there is a quickly realized end point in
these improvementso On the other hand, the human mind’s potential for 
improving optimal arousal levels and stimulation to superlative perfor
mances is largely an untapped wello The human mind has probably been 
the greatest factor in the breaking of unbreakable records, in the 
achievement of what was once thought unattainable0

P !
See ’’Experience-Anxiety Relationship," p0 40, for further details,,



One of the key measures of superlative performance» at least in 
the sport of swimming, is the comparison of athlete's times0 But this 
comparison is always made after the performance0 This study seeks to 
help answer the question of whether or not it is possible to predict 
poor or excellent performances before they occur0 Perhaps if this can 
be answered, it may be easier for athletes and coaches to manipulate the 
athlete's arousal level to provide for better performances,: Such manip
ulations might include reducing one athlete's arousal level while 
raising another athlete's arousal level0

Further, this study seeks to determine whether psychological, 
physiological, or both measures of anxiety combined are more valid in 
predicting arousal and resultant performanceo The practical aspects of 
the efficacy of either indicant are obvious in a sport setting? if 
psychological, paper-and-pencil tests prove more valid, their adminis
tration to athletes can provide quick feedback to the coach and athlete, 
who can then strive to adjust the athlete's level of arousal0

Of course, the significance of this study can be applied to non- 
athletic endeavors, too0 It should provide incentive to other research
ers to examine the questions of arousal in industry, recreation, 
deprivation states, crowded oiving situations, and in sex-differentiation 
studieso It is to this end that this study strives to add to the basic 
body of knowledge accrued in catecholamine and psychological researcho



CHAPTER 2

REVIEW OF LITERATURE

General Stress Reaction 
The human organism responds to psychological stress in predict

able ways (Cannon 1915? Selye 1956), such as increased heart rate, 
increased respiration rate, and palmar sweating: in short, the classic
"fight or flight" response0 Some psychophysiologists have attempted to 
delineate between broad categories of "fight or flight" responses using 
three methodological tools: physiological examination (including bio
chemical data), psychological inventory, and observation of behaviors 
(Eysenck 1975)o Further, a few studies have sought to evaluate a dif
ference in the organism"s response, and even, perhaps incorrectly, have 
correlated various mood states with differing responses (Elmadjian,
Lamson and Neri 1956; Elmadjian, Hope and Lamson 1957; Funkenstein 1955)° 

Physiological measurement tools for psychological stress measure
ment consist of indices such as the electroencephalogram, skin resistance 
or conductance, palmar sweating, electrocardiogram, blood pressure, 
heart rate, electromyogram (Martens 197*0, and sudorimeter measures 
(Gill 1980)o However, since these measurements can indicate not only 
psychological stress (anxiety) but also physical stress, they have been 
"proved inaccurate because of the number of uncontrollable variables 
which can influence" them (Krahenbuhl 1971s^3)° Exercise prior to the 
tests, or simply administration of the tests themselves are examples of,



respectively, physical and mental variables which can influence the out= 
come of physiological testso For example, the taking of blood samples 
(from which blood plasma is then extracted) can be a stressful situation 
in and of itself, and may influence the production of catecholamines in 
the body (Mason et alo 1973)°

A general schema for stress reaction includes the terms anxiety, 
arousal, and stress0 While these terms have been used interchangeably 
in many past research studies, for the purposes of this paper the terms 
will be delineatedo Stress is an outside force which acts upon indi
viduals, creating anxiety in either a chronic or acute sense0 Anxiety, 
as explained earlier, is a psychologically-produced apprehensive stateo 
If it is a continuing apprehensive state, it has resulted from chronic 
stresso Arousal is the very specific response to any sort of stressor; 
competition, test-taking, speaking before audiences, for example0 Since 
no real theory of arousal exists. Martens (197*0 proposes that "rather 
than the development of a theory of arousal, some indication exists that 
arousal may be a more useful construct when incorporated into other 
theories" (Martens 1974:162=163)o In 1977, however, Martens further 
defined arousal and state anxiety= Arousal has only one dimension, that 
of intensity; state anxiety is negative and unpleasant, and consequently 
has the intensity dimension of arousal as well as the negative direc
tional dimension0 Of course, arousal postulates abound: Duffy (1962)
sees arousal as unidimensional, ranging from deep sleep to excitement; 
Lacey (1967) views arousal as multidimensional, with electrocorticol, 
autonomic, and behavioral factors being the dimensions,, Inconsistencies
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such as these further preclude the existence of an arousal theory as 
sucho

Eysenck (1975) points out that the verbal self-assessment of 
stress (which would be a psychological inventory) has no precise corre
lation to any given individual physiological measure of stress0 There 
is also little correlation between physiological responses within the 
individualo Once the sympathetic nervous system stimulates the adrenal 
cortex, the adrenal cortex apparently mediates physiological responses 
in the individual, and possibly elevates one response while, as compen
sation, maintaining or even lowering another responseo Differences in 
basal measurements within and between individuals point to even greater 
disparities during potentially stressful situations,, A physiological 
measure which discriminates between mental and physical stress has a 
definite advantage over one which may be affected by varying degrees of 
both types of stress0

The problem of measurement facing psychophysiologists has led 
some to believe that the psychological inventory is a more accurate 
index of an individual’s arousal or total bodily response status (Hand
ler 1975; Eysenck 1975)° Some general stress paper-and-penci 1 inven
tories include Thayer’s (1967) Activation-Deactivation Adjective 
Checklist (AD-ACL), Kern and Bialek’s Subjective Stress Scale (Berkun 
et alo 1962), Zuckerman’s (i9 6 0) Affect Adjective Checklist, and 
Spielberger’s (1970) State-Trait Anxiety Inventory (STAI) 0 Essentially, 
Spielberger’s distinction between state and trait anxiety dealt with 
the idea that a person may be more or less predisposed to anxiety and 
that this predisposition may play a big role in a person’s emotional
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reaction to a perceived stimulus= The concept of state and trait 
anxiety was studied in the 1950s by Handler and Sarason (1952), but the 
terms "state" and "trait" were coined and conceptualized by Spielberger 
(Spielberger, Gorsuch and Lushene 1970)o Spielberger defined state 
anxiety as "a transitory emotional state or condition of the human 
organism that is characterized by subjective, consciously perceived 
feelings of tension and apprehension, and heightened autonomic nervous 
system activity" (Spielberger et alo 1970? 5)° He defined trait anxiety 
as "relatively stable individual differences in anxiety proneness, that 
is o o o differences between people in the tendency to respond to situ
ations perceived as threatening with elevations in A-state /anxiety 
state/ intensity" (Spielberger et alo 1970?3)o The individual's score 
on the A-trait (anxiety trait) scale predicts levels of A=state in a 
given situation0

It is generally believed that anxiety influences performance, 
and that there is an optimal level of arousal available regarding per
formance in a particular task by a given individual0 The arousal- 
performance relationship can be described in terms of the shape of a 
parabola? as arousal increases up to an optimal point, performance in
creases; as arousal increases beyond that point, performance deteriorateso 
This optimal arousal level concept is known as the inverted-U hypothesis 
and is affected, among other things, by the degree to which the task is 
learned as well as the nature of the task6 Variables specific to the 
individual, such as previous experience in a task, may also affect the 
level of anxietyo The individual's perception of degree of calm or 
anxiety may, in a large part, be a function of his degree of success
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during previous similar experiences,. This may have an observable effect 
upon performance and thus influence one’s optimal arousal level (Martens 
1974)o

Behavioral observation is an attempt to observe outward signs of 
emotions or anxietyo Quantification of behaviors can be obtained by 
means of subjective tallies, observation of subjects’ overt or covert 
reactions to stress, or measurement of performance on a given tasko The 
latter gauge direct measurement can be either subjective or ob=> 
jective0 A study by Kauss (1976), for example, examined motor perfor= 
mance levels as they were affected by anxiety and activationo This 
field study used the 1975=76 TJCLA football team as subjects,, Perfor<= 
mance ratings (behavioral observations) were given by each coach on each 
subject’s performance during each play in a game,, Scores for each play 
were kept on a five point scale» Intra=eoach reliability was 0o86o Due 
to the nature of the sport of football, this type of behavioral observa
tion was necessaryo Fortunately, more objective performance ratings == 
which do not rely upon subjective, human observations —  are possible 
in other situations^ Such objective scales include win-loss records, 
scores on a test, number of errors made, and measurement by time,.

Obviously, much more needs to be examined and learned about 
anxiety ~  especially as it relates to performance —  and its measure
ment 0 Presently, the ’’crude measurement of A-state is unlikely to tell 
us much more than what a psychologically astute coach can observe” 
(Martens 1977s21)„ The measurement of anxiety preceding performance of 
well-learned tasks may provide a better clue as to performance of such 
taskso Welford (1 9 7 5s5 6 8) stated that effects of stress "often occur
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before the stressful situation arises, and may actually diminish when 
it comeSo” For example, a study by Fenz and Jones (1972) examined heart 
and respiration rates of sport parachutists prior to a jump0 Fenz found 
that the more experienced jumpers6 heart and respiration rates increased 
during the early phase of the jump sequence and then decreased before 
the actual jump was taken0 Interestingly, the novice jumpers6 heart and 
respiration rates increased all the way through the jump sequence0

Stress effects may be measured solely on the basis of physiolog
ical data0 But they may be even more accurately measured by a combina
tion of: (1 ) psychological inventory, since the organism6 s conscious,
self-assessment response may act as a synthesizer for all physiological 
indicants; (2 ) a physiological measurement which indicates psychic and 
physical delineators of stress; and (3 ) an objective quantifiable 
measurement of performance* A final factor —  degree of learning or 
experience in the task —  must also be considered when viewing stress 
reactivity prior to similar tasks*

Sport Competition Anxiety Test and Competitive 
State Anxiety Inventory

While Spielberger's STAI (Spielberger et al* 1970) measures 
general anxiety in either trait or state forms, it is recognized that 
an individual may generally find one type of situation more or less dis
tressful than another type of situation* For example, an individual may 
become quite anxious before taking tests in school, while remaining 
reasonably calm before speaking to audiences or prior to competing in 
sports events*
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Sarason et al0 (I960) conducted extensive research in the 1950s 

which resulted in the Test Anxiety Scale for Children (specific to test
ing situations)o The test was found to be much more effective in meas
uring anxiety relevant to test taking than Spielberger*s general anxiety 
inventoryo

Martens (1977) attempted to answer the need for a sport-specific 
trait tool by developing the Sport Competition Anxiety Test (SCAT) 0 In 
explaining the development of the SCAT, Martens (1977s15) states that 
"it is much more likely that athletes will differ from non-athletes in 
A-trait specific to competitive sports than in general A-traito" The 
SCAT measures A-trait specific to sports0

The reliability coefficient of the SCAT (Adult form) was found 
to be 085o The construct validity between the Adult SCAT and Spiel- 
berger’s Adult Form of the Trait Anxiety Inventory (TAI) yielded an un
corrected correlation coefficient of 0kk0 This was found in a study 
examining basketball players' trait anxiety by means of the SCAT, the 
TAX, and coaches' ratings0 This moderately low correlation (corrected 
correlation was o5 5) between general and sport specific anxiety tests 
lends support to Martens' contention that, while the SCAT does indeed 
measure anxiety, the anxiety is found in the context of a competitive 
situation rather than a general anxiety situation (Martens and Simon 
1976)o

Martens and Simon (1976) also used a competitive model for meas
urement of A-stateo Spielberger's State Anxiety Inventory (SAI) was 
modified by utilizing ten items found to be significant to sporto A 
factor analysis was performed on the Spielberger items to determine
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which items were more sensitive to anxiety in sport-specific situationso 
The name given to this competitive form of the SAI is the Competitive 
State Anxiety Inventory (CSAI)o The CSAI was used in the Marten and 
Simon study as the state tool being compared to Spielberger1s TAI, 
coaches' ratings, and the SCAT, during pre-competitive and non
competitive situationso As hypothesized, SCAT predicted pre-competitive 
A-state (using the CSAI) with a correlation of 0 6 5, while the TAI pre
dicted pre-competitive A-state with a correlation of only o30o The 
coaches' subjective responses, which attempted to predict their athletes' 
pre-competitive A-states, yielded a correlation of 012o Only the TAI 
and SCAT were then used to predict A-state in a non-competitive situa- 
tion0 The TAI yielded a correlation of <,44, while the SCAT yielded a 
correlation of only <,25 in the non-competitive situation,,

The reliability and validity of the CSAI were reviewed by 
Martens et al0 (1979)o Reliability for the Adult form of the CSAI was 
o96 using the Kuder-Richardson formula 20„ Thayer's AD-ACL was utilized 
for construct validity, and a correlation of <>82 was yielded for the 
CSAI under basal conditions,, During a pre-competitive situation, the 
correlation between the CSAI and AD-ACL fell to <>72, a trend lending 
support to the specificity of sport of the CSAIo The correlation be
tween SCAT and CSAI in pre-competitive situations has been mentioned 
previously; however, under basal conditions, the SCAT correlated with 
the CSAI at only o20, while correlating in pre-competitive situations at 
o6lo It appears the SCAI is a good tool for measuring state anxiety in 
a sport situation, but not necessarily in a basal, non-competitive situ
ation o



16
Further, construct validity was demonstrated in the Child form 

of the SCAT by Martens and Gill (1976)o Using an aluminum maze as the 
motor task, they found that high trait anxiety subjects (using the SCAT) 
"manifested higher levels of A-state than low SCAT subjects just prior 
to competition" (Martens and Gill 1976;706)o Male subjects in the study 
who succeeded (ioe0, completed the task successfully 80% of the time) 
had a considerably lower SAIC (Spielberger’s State Anxiety Inventory for 
Children) score (mean of 30o3l) than those who succeeded either 50% of 
the time (35o08) or 20% of the time (37°12)o Whether this difference is 
the result of gender differences (females’ win-loss means were slightly 
lower) or one of the effects of competition is not clear0 However, SCAT 
scores could not significantly account for degree of change in individ= 
ual A-state scores (ioeo, both high and low A=trait subjects showed high 
A-state after failure and lower A-state scores after success) 0

Scanlan and Passer (1977) conducted a study on American Youth 
Soccer participants using the SCAT and SAICo They found that A-trait 
related positively to pre-competitive A-state, and that winning and 
losing affected post-game A-state with winners showing relatively lower 
post-game A-state than losers= The study did not seek to determine 
whether continual winning or losing related to consequent pre-game A- 
state, although this appears to be a germane question0

Overzet and Wilson (1979) studied A-state levels as measured by 
a sport-modified Spielberger’s SAI and by the SCAT on 14-18 year old 
male and female speed swimmers (it is assumed "speed" indicates sprinters 
and not distance swimmers)= They measured state anxiety scores at five 
different times prior to competition; two weeks, one week, the night
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before, during warm-ups, and immediately before the event* The baseline 
measurement was considered as the two weeks prior to the event time 
period, and was measured by the SAI and the SCAT* The SCAT (given only 
at the baseline time, as the trait measurement) correlated with the SAI 
baseline administration at *51° The SCAT correlated with the SAI im
mediately before the event at o70o

Overset and Wilson also compared the anxiety levels of swimmers 
labeled as experienced or unexperienced* No significant difference was 
reported between the experienced and unexperienced groups' increase in 
anxiety levels* However, the mean scores of experienced males' anxiety 
were lower than that of any other group —  including experienced females 
and unexperienced females and males*

One interesting sidelight in the Overset and Wilson study was 
the discovery of an interaction between gender and experience* The male 
athlete, as he gained more experience, demonstrated less pre-competitive 
anxiety* The female athlete, as she gained more experience, demonstrated 
more pre-competitive anxiety* As the authors state, this is most likely 
due to established social norms, but further study into gender differen
tials in A-trait and A-state, especially in sport, would be valuable*

The use of SCAT and the CSAI is an important step forward into 
competitive and pre-competitive sport anxiety trait and state research* 
The two tests ares (l) situation specific; (2) easily administered;
(3) accurate in test-retest reliability (for the SCAT); (4) effective 
in getting the subject to quantify his total bodily response to a 
stressful situation; and (5) effective in getting the subject to respond 
to his perceived stress*



Epinephrine and Norepinephrine Studies 
The sympathetic nervous system, when stimulated, produces in the 

adrenal medulla the catecholamines epinephrine (E) and norepinephrine 
(NE)0 E comprises the greater portion of this total catecholamine se
cretion from the adrenal medulla (about 80$), while the primary source 
of NE secretion occurs in the adrenergic nerves (Langley, Telford and 
Christensen 1974)0 When E and NE are secreted, a certain amount is 
sloughed off through the urine0 E and NE levels can then be measured 
within an individual indicating sympathetic nervous system arousal in 
total catecholamine levels 0 A procedure measuring catecholamines in 
blood plasma may be inadequate primarily because of the problem os sub
ject arousal due to the necessary venipuncture procedure itself (Mason 
1968? Mathew et alo 1980)0 As a result, most catecholamine studies —  

particularly in field situations —  have adopted the urinary recovery 
procedure for catecholamines since customarily no unaccounted arousal 
can result from subject voidingo

Research into catecholamine output, because of the sympathetic 
nervous system’s involvement in producing such amines, has been conducted 
in the general motor performance area0 Behavioral studies by Johansson 
and Lundberg (1977) and by Lundberg (1976) have examined adaptation of 
catecholamine output during long-term stressful situations such as 
crowded living conditions, commuting, and aversive working conditions,. 
They found that the human organism can indeed adapt to the long-term 
stressors, but that its adaptation is balanced by a general dissatisfac
tion., The short-term stressors still produced the increased E output 
characteristic of the "fight or flight" response. Other general studies



19
have looked at the catecholamine levels of groups such as passengers and 
pilots in an airplane (von Euler and Lundberg 195*0, participants en= 
gaging in pre-work on a treadmill (Howley 1976), and pilots in fighter 
planes and simulators (Krahenbuhl, Marett and King 1977I Krahenbuhl, 
Marett and Reid 1978, 1979)o

Additionally, the arena of sport —  the "thrill of victory, the 
agony of defeat" —  with its physical and psychological stressors and 
its built-in ability to stimulate the sympathetic nervous system, is 
also a good situation in which to measure catecholamine outputs 
(Krahenbuhl 1972)o Some sports lend themselves easily to performance 
measures, and this performance can then be related to pre-competition 
anxietyo Thus, sport participation studies of catecholamines have in
cluded the examination of bobsleigh participants (Okada et alo 1972), 
boxers and hockey players (Elmadjian, Hope and Lamson 1957), youth 
hockey players (Blimkie, Cunningham and Leung 1978), and tennis players 
(Krahenbuhl 1972)o The greatest drawback of catecholamine research at 
this time, and perhaps the reason for the paucity of studies, is the 
fact that the analysis of urinary catecholamines is extremely costly0

Krahenbuhl (1972), in a case study of six tennis players’ psycho
logical traits and states relative to catecholamine excretion, found an 
indication that mental work increased total catecholamine (both E and 
ME) output more than just physical work alone0 He used four "working" 
states to discriminate between mental and physical works basal, prac
tice, pre-competition, and competitiono The greatest difference was 
found between the basal and competition states, presumably because a 
competitive situation involves not only hard physical work but also a
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great degree of psychic stresso As Frankenhaeuser (1971?24?) stated,
"It appears likely that the adrenaline increase /ioQ o, epinephrine 
secreted during a bicycle ergometer test/ is at least partly associated 
with the subjective emotional reactions accompanying heavy physical 
worko"

The concept of psychic versus physical stressful situations has 
preoccupied scientists since the early 1950s when NE and E could first 
be recovered from urine0 Using work-shop noise as a distractor for sub
jects engaged in work requiring concentration, Frankenhaeuser and Patkai 
(1964) found that improved performance coincided with increased norepi
nephrine outputo This finding suggested that perhaps the complexity and 
nature of the task to a large degree determined both norepinephrine out
put and resulting good or bad performances (Frankenhaeuser 1971)o While 
Funkenstein (1956) presented a model in which NE secretion related 
roughly to aggressive behavior and E secretion related to anxious be
havior, this model has not been borne outo It is, obviously, very dif
ficult to relate catecholamine output in the body to specific mood 
stateSo However, the consensus appears to be that: (1) there are dif
ferences in the body's motivation for secreting either E or NE; (2) 
these differences may not be categorized as individual emotions; (3) an 
individual's perception of stress (either physical or psychic) deter
mines to a large degree his catecholamine response; and (4) in general 
terms, E response may be a product of perceived stress (psychic) and NE 
response may be a product of both physical stress and perceived psychic 
stress (Krahenbuhl 1975; von Euler and Lundberg 1954; Elmadjian, Hope 
and Lamson 1957; Elmadjian 1959; Mason 1968)0



With this in mind, it appears an assessment of the ratios of NE 
and E determines the degree of physical or psychic stress in an indi
vidual » Thus, while an individual, upon arousal, will produce and 
slough off an increased amount of both catecholamines, the degree of E 
relative to NE sloughed off determines the degree of psychic stress*
For example, if NE increases twofold and E increases sixfold, it can be 
assumed the individual is more highly aroused psychically than if both 
amines increase only twofold*

Handler (1 9 6 7) suggested that the secretion of NE may increase 
when an individual has the potential for meeting the demands of a task; 
the secretion of E increases when an individual has less potential for 
meeting the demands of a task* It appears now that the increase of NE 
may occur even when the demands of a task are being met? the increase of 
E due to an individual11 s lack of responses has not, however, been dis= 
proved (Frankerihaeuser and Rissler 1970)* Krahenbuhl (1975s120) perhaps 
put it bests "Noradrenaline secretion appears to be related to physio
logical stress, or the amount of work attempted by the organism* Adren
aline secretion seems to be more directly related to mental stress and 
emotional response*" The majority of research in urinary catecholamines 
supports this conclusion*

Elmadjian, Hope and Lamson (1957) found that hockey players who 
participated in the game showed higher increases of NE than E (although 
increases in E were found)* Players who did not participate showed pro
portionally increased levels of E while watching the game* It would 
appear, therefore that the use of a ratio (or NE/E) score would account 
for varying NE or E increase in an individual* Thus, a higher E
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increase relative to ME increase would indicate a higher psychic stress 
in the given individual0 In the same study, six amateur boxers demon
strated elevated E scores and varying NE scores when sampled prior to 
their competitionso This would relate to psychic stress or anticipation 
of the evento von Euler and Lundberg (1954), observing ground crew, 
pilot, and passenger subjects, determined that an increase in epineph
rine production in the urine may have related to psychological stress0 
Pilots experienced increased levels of both E and NE, while passengers 
showed only increases in E outputo

Admittedly, elevation of E relates to some sort of psychic 
stress, but an individual"s perceptions are difficult to quantifyo Re
sponse levels of E can be measured in relation to NE secretion, as 
Krahenbuhl, Marett and Reid (1978) did in a study of student pilotso 
However, this may provide a circular answer —  the catecholamines vary, 
but to what degree and how does this relate to self-perception of stress? 
Krahenbuhl (1975) agreed that perceived anxiety was not easily meas
urable o A better answer may result when combining subjective psycho
logical inventories with the catecholamine count0 Mason (1968) sought 
"systematic measurements of the quality and intensity of emotional 
reactions by multiple observer and self-rating procedures" in combina
tion with observation of "acute catecholamine responses to stressful 
stimuli or situations" (Mason 1968s 642)0

Krahenbuhl (1972) used a case study approach to examine the 
personalities of tennis players as they underwent the previously- 
mentioned four "working" states0 He used the Minnesota Multiphasic 
Personality Inventory to indicate personality traits of the six tennis
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playerso He found the better tennis players to be independent and 
structured, while the poorer tennis players were dependent and unstruc
tured 0 While Krahenbuhl utilized a standardized psychological test as 
a yardstick against which catecholamine production was measured, 
Frankenhaeuser, Sterky and Jarpe (1962) used a self-assessment estima
tion by subjects to provide subjective feedback of self-perceived stress= 

The self-rating procedures alluded to by Mason may best include 
the use of situation-specific state-trait anxiety scales in conjunction 
with analysis of catecholamineso No studies, unfortunately, combined 
the SCAT and CSAI with urinary catecholamine study0

Research has provided a better understanding of contaminating 
variables which should be avoided when collecting catecholamine data0 

Among these are the existence of a diurnal or circadian variation in E 
and NE levels (Patkai 19715 Mathew et al0 1980), the influence of ~ 
tobacco bn E and NE production (Frankenhaeuser et alo 1970), the in
fluence of alcohol on E and NE levels (Myrsten, Post and Frankenhaeuser 
1971)9 and even the influence of posture and disequilibrium on E and NE 
levels (Frankenhaeuser et alo 1962; Sundin 1958)o

High-performance Reverse-phase Liquid 
Chromatography

Analysis of NE and E dates back to the 1950s when von Euler and 
Lishajko (1959) perfected the fluorometric analysis of catecholamineso 
Since that time, a different, more efficient procedure for the recovery 
of catecholamines has evolved,. It is high-performance liquid chromatog
raphy (HPLC), and it is superior to the fluorometric procedure because 
of its speed and degree of isolation and recovery of catecholamines0
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Detection of NE and E, using reverse-phase liquid chromatography 

with electrochemical detection and using the procedure outlined by 
Riggin and Kissinger (1977)» is advantageous over another HPLC method 
because of its stationary phase (utilizing an ODS Biophase column) and 
the use of sodium octyl-sulfate in the mobile phase0 The sodium octyl- 
sulfate allows a retardation of the passage of catecholamines down the 
column, and provides increased "sensitivity, selectivity, and speed when 
compared with all previously published reports" (Riggin and Kissinger
1977s2 1 1 1 ) o

Additionally, the use of an amperometric detector allows measure-: 
ment of oxidation-reduction reactions0 Since the number of electrons 
detected has a one-on-one relationship with the chosen amines (E and 
NE), the catecholamines are easily detectedo At this writing, the 
Riggin and Kissinger (1977) method, with slight modifications (see 
Appendix F), appears to be the most advanced methodology (Laird, per
sonal communication 1 9 8 0 )0



CHAPTER 3

PROCEDURES

Subjects
The subjects in the study (n = 18) were members of the 1979-80 

University of Arizona Men's Swim Team who participated in the Pacific-10 
Conference Swim Championships at East Los Angeles College on March 6-8, 
1980o Due to excessive within subject variability in the two basal 
scores, three subjects were dropped from the study0 Informed consent 
was obtained from all participants (see Appendix A for the Subject Con
sent Form)o

Methods
After the briefing by the experimenter explaining the purposes 

and demands of the study, the subjects were given a questionnaire de
termining experience levels (see Appendix B) in which response categories 
ranged from "high school dual meet" to "Olympic trials0"

Seventy-two hours prior to collection of the first basal urine 
specimen, subjects were again contacted as a group and given instruc
tions outlining specific procedures relating to the collection of urine 
and to completion of the paper-and-pencil inventories (see Appendix C)0 
Subjects were instructed to abstain —  for a period of 24 hours prior to 
collection —  from alcoholic beverages, caffeine products (coffee, tea, 
soft drinks), marijuana, vanilla or its extract, and from any excessive

25
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physical activity* At this time, subjects were given two sterile 250- 
mlo urine collection cups and a packet containing the instructions for 
urine collection procedures as well as a copy of the Sport Competition 
Anxiety Test (SCAT) (see Appendix D)*

Attempts were made to obtain basal urine samples on two consecu
tive Sundays following a 24-hour time block deemed to have minimal 
physical or mental stress0 Precautions were taken to ensure that the 
time block contained absolutely no swimming practice or swim meet*
Since catecholamine excretion varies according to the time of day 
(diurnal variation)e subjects were instructed to void completely between 
10s45 AM and 11:00 AM and to discard this urine, noting the time, date, 
and their name on a pre-marked label provided on the urine cup packet* 
Then, subjects were to drink an eight-ounce glass of water in order to 
increase urine volumes* Finally, subjects were told to collect all 
urine excreted for exactly the next hour (the hour block chosen which 
corresponded with pre-trial times for the PAG-10 Swim Championships)* 
Subjects were instructed to note the time of their final voiding, and, 
in the final five minutes of the hour collection period, to complete the 
SCAT questionnaire * In order to prevent degradation of the catechola
mines in sunlight, the specimen cup(s) was put into a paper bag*

The urine samples and SCAT forms were collected by the experi
menter at the subjects’ homes* Subjects were asked if they had had any 
problems collecting urine or adhering to the food and exercise absten
tions, and told to repeat the same procedures on the following Sunday* 
Those subjects who failed to adhere to the procedures for the first 
basal sampling were instructed to complete the first basal (i*e*, urine
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sample and SCAT) on the following Sunday and to complete the second 
basal after PAG-10 Championships o

The basal urine samples were placed in a styrofoam ice chest 
filled with crushed ice to: (1) keep the samples cool? and (2) keep
the samples from being exposed to direct sunlighto The urine samples 
were taken to the lab and their pH reduced to 3 with drops of hydro
chloric acid (HC1 6 uu) and frozen between -10* and =15® Co Procedures 
were identical for the second basal urine sample? however, the Competi
tive State Anxiety Inventory (CSAI) (see Appendix E) was given instead 
of the SCATo Pre-meet urine samplings were taken during the hour before 
each subject's first individual trial event at the PAC-10 Swim Champion
ships o Collection was done before the very first trial event to limit 
any inconsistent scores due to fatigue, exercise, and post-event depres
sion or exultation0 The lapse of time from first urination to actual 
swim was noted* These times ranged from 45 minutes to 1 hour, 10 minutes 
before events* The collection procedure and directions for 24-hour pre
collection abstentions (see Appendix C) were identical to those of the 
basal collections done previously, with the exception that the urine was 
frozen in a styrofoam ice chest with dry ice for the return trip to 
Tucson, Arizona* The CSAI was administered at the conclusion of the 
urine collection for each subject* Performance ratings were obtained 
at the swim meet*

Preparation and Analysis of the Urine
The urine samples were, as noted above, frozen at pH 3° Ex

traneous material was cleansed through a Bio-Rex 70 cation-exchange 
extraction column* After the catecholamines were eluted through an
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alumina procedure, the eluates were injected on to a Biophase ODS 5 
chromatographic column (see Appendix F for specific procedural details)o 
The samples were analyzed by means of a reverse-phase liquid chromato
graph, and catecholamine concentrations calculated against a standard,,

Analysis of the Data 
In analyzing the raw data (see Tables 1 and 2, pp0 30-31)g sepa

rate NE and E peak heights (measured in millimeters) were recorded,,
Fifty microliters (pi) of 3, 4-dihydroxybenzyl-amine (DHB) were added to 
each urine sample in order to measure recovery of each sample and in
ternal standardo Percentage of recovery was then readjusted to 100% for 
each sampleo Peak heights were multiplied by this percentage-of- 
recovery factor and calculated, according to a known standard, to deter
mine nanograms (ng„) of epinephrine or nor-epinephrine per five milli
liters of urineo The mean of the two basal measures was found and used 
in further calculations as the basal score0 Statistical analyses of 
data are described in Chapter 4, Results and Discussion,,



CHAPTER 4

RESULTS AND DISCUSSION .

Due to the exploratory nature and sample size of this study, the 
level of significance was tested at o10o Data for catecholamines based 
on experience can be found in Table 10 Data for psychological inventory 
scores and performance times based on experience can be found in Table 2o

Basal Catecholamine Relationship 
In order to determine if scores for E, NE, and ̂  were consis

tent from the first to the second basal sampling, paired t-tests were
performed between E and Eg (t. = o73)» between NE^ and NEg (_t = -o58), 

NEand between —= 
cant (£ >ol0) o
and between and (t̂  = ~lo53) o None Of the _t=tests were signifi-

Basal-Pre-competitive Anxiety Relationship 
Since a major assumption for this study included the premise 

that physiological and psychological measures would display significant 
differences between basal and pre-competitive scores, this premise was 
tested by means of paired t^test scores (see Table 3)o The results in
dicated significant differences between basal and pre-competitive cate-

NEcholamines (—g), E, and NE0 Catecholamine scores showed an inverse
relationship between pre-competitive and basal conditions (indicating 
increasing anxiety from basal to pre-competitive conditions), while both 
E and NE displayed a direct relationship between pre-competitive and

29



Table 1= Subjects" physiological raw scoreSo —  Scores (except ratios) expressed in ng/5 ml urine0

Experience Basal #1 Basal #2 Means of Basal Pre-competitive
Level Catecholamines Catecholamines Catecholamines Catecholamines

Sub j0 ME ' ME NE NE .
NOo E ME E E NE E E NE E E NE E

High (n=6 )
Olympic Trials

Oil 49.0 148.1 3=0 27.7 137.9 5=0 38=3 143.0 4.0 69=2 217=7 3=1
0 1 2 106=8 312.9 2.9 63=1 179.6 2.9 84.9 246.3 2.9 203=9 231.1 1 .1
015 45=3 125=3 2 .8 2 8 .1 108.9 3=9 36=7 117.1 3=3 231=1 8 3 0 .4 3=6
0 18 32=2 2 0 8 .0 6.5 16.7 151=6 9.1 24.4 179.8 7=8 79=4 2 3 2 .1 2.9020 9=5 21.8 2.3 7=6 29=2 3=9 8.6 25.5 3=1 64.3 79=6 1.2026 60.8 147=7 2.4 41.9 1 8 1 .2 4.3 51=3 164.4 3=4 89=3 151=9 1.7

X = 50=6 l6o.6 3=3 30.8 131=4 4.8 40.7 146.0 4.1 122.9 290.5 2.3SD = 29.8 8 7 .8 1.4 17.9 52.0 2.0 23=7 67.0 1.7 6 7 .8 247.5 1=0
Medium (n=5) 
Non-Olympic Trials

001 22.2 41.2 1=9 34.0 104.9 3=1 2 8 .1 73.0 2.5 142.8 162.6 1.1002 24.7 138.8 5=6 38.3 261.5 6.8 31=5 200.2 6.2 156.5 238.5 1=5014 17=1 55=5 3=2 11.9 52.5 4=4 14.5 54.0 3=8 4 9 .9 1 5 1 .7 3=0024 20.3 50.7 2=5 25=3 30.0 1.2 22.8 40.3 1=9 60.7 66.7 1.1
02? 73=5 111=5 1.5 63=1 213=5 3=4 68=3 162.5 2.5 110.2 101=6 =9

X = 31=6 79=5 3=0 34.5 132.5 3=8 33=0 106=0 3=4 104.0 144.2 1=5SD = 21.1 38.5 1=5 16.9 90.4 1.8 1 8 .5 63=5 1=5 4 2 .7 58.5 0.8
Low (n=4) 
Non-National 

009
Meet

5 8 .8 397=6 6.8 53.3 450.8 8 .5 56.1 424.2 7=6 5 4 4 .7 708.9 1.3015 32.5 59=4 1.8 19=4 69.2 3=6 2 6 .0 64.3 2.7 462.4 688.8 1.5
016 22.6 155=8 6 .9 50.3 151=4 3=0 36=5 153=6 5=0 120=7 299=6 2=5
021 34.7 100.6 2=9 41=0 298=0 7=3 37=9 199.3 5=1 71=4 119=6 1.7

X = 37=2 178.4 4.6 41.0 242.4 5=6 39.1 210.4 5=1 299=8 454.2 1.7SD = 13=3 131=1 2.3 13.3 145=6 2.3 10.8 132.7 1=7 20606 252.9 0.5



Table 20 Subjects’ psychological raw scores and performance scoreso

Experience
Level

Sub jo
NOo SCAT

Pre-
Basal Competition 
CSAI CSAI Event

Times (MinP 
Season

g Sec = ) 
PAC-10 Percentile

High (n=6)
Olympic Trials

Oil 31 09 18 100 Fly 31=03 53=40 95 06
012 10 18 16 100 Fly 49=72 49=65 100=1
015 27 10 28 50 Free 21=99 21=31 103=2
0 18 17 14 22 200 IM 2:04=17 1:59=50 104=4
020 20 12 23 500 Free 4:31=70 4:27=40 101=6
0 26 29 21 32 5 0 0 Free 4:27=72 4:24=07 101=4

X = 20*7 14 2 3 .2 101=0
SD = 6o3 4° 3 2=8

Medium (n=5)
Non-Olympic Trials

001 23 1 8 32 200 Im 1:39=99 1:57=00 102=6
002 24 13 27 200 IM 2:00=13 1:55=50 104=0
014 21 15 28 200 IM 2:02=67 1:56=60 105=2
024 24 11 22 500 Free 4;45=00 4:31=04 105=2
027 18 09 32 50 Free 20=66 20=14 102=6

X = 22 oO 13=2 28o 2 103=9SD = 2=3 3»1 3=7 1=2
Low (n=4)
Non-National Meet

009 18 09 22 500 Free 4:39=17 4:34=10 101=9
015 25 26 30 500 Free 4:44=63 4:43=90 100=3
016 20 09 26 200 IM 2:05=00 2 :00=60 103=7021 15 12 19 200 IM 2:03=15 1:57=90 104=5

X = 19=5 14 24=3 102=6
SD = 3 o 6 7 o 0 4=2 - 1=6
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Table 3o Paired t=*test scores comparing basal and pre-competitive 

catecholamines and CSAI scoreso

X SD t df

Mr Basal 3.98 1= 83
Catecholamines (-=) 14

Pre-competitive 1.76 .84
Basal • 149.83 100o64

Norepinephrine 2o240 14
Pre-competitive 285.37 247.00
Basal 37.72 20.26

Epinephrine 3.67** 14
Pre-competitive 172.73 l46o55
Basal 13.73 5.06

CSAI 7.39*** 14
Pre-competitive 25=13 5.29
Basal 1 8 7 .5 5 114.94

Total Catecholamines 2o76* 14
Pre-competitive 3 8 2046 331=47

^Significant at the o05 level
^^Significant at the o005 level
***Significant at the o001 level
Notes NE and E scores expressed in ng/5 ml urine.
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basal conditions (indicating increasing anxiety from basal to pre= 
competitive conditions)0 Total catecholamines (ME plus E in basal and 
in pre=competitive situations) also increased significantly from basal 
to pre-competitive conditions0 (The SCAT and CSAI results indicated an 
increased anxiety from trait to pre=competitive state situations*) Both 
catecholamine and psychological increases in arousal are consistent with 
literature cited; indeed, use of the paired t=test scores served to 
corroborate the major assumption that pre-competition arousal would in
crease over basal arousal* The direction of change in CSAI scores (from 
basal to pre-competitive) is consistent with Overzet and Wilson's (1979) 
repeated SAI testing: there was an increase in state scores prior to
competition*

Arousal-Performance Relationship
_ ( , , , . . .„ „ z. Season Best Time xIn order to determine if performance (i*e*, pac’"io Meet''Time

NEcorrelated with catecholamine ratio (^— pre-competitive divided by
basal), catecholamine pre-competitive, SCAT, or CSAI pre-competitive 

scores, Pearson's Product Moment correlations were performed (see Table 
4 ) *  The results —  except in performance/catecholamine pre-competitive 
—  did not support the hypothesis that swimmers with lower pre- 
competitive anxiety would perform better than swimmers with higher pre- 
competitive anxiety, since there was no significant correlation between 
performance and the anxiety indicants* When the influence of the basal 
catecholamine level on the pre-competitive catecholamine level was 
eliminated and only pre-competitive catecholamines were examined, a sig
nificant correlation between performance and anxiety occurred* Although
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Table ka Pearson correlations comparing performance with physiological 
and psychological indicantso

Performance
r

Catecholamine Ratio H0

Catecholamine Pre-competitive okd*

SCAT O0

CSAI Pre-competitive 0 ro 4T

^Significant at the 005 level
Note; Catecholamine ratio is pre-competitive NTTdivided by basal -^o
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this relationship was small (only 2 0o3^ of the variance accounted for) 
there was a tendency for the swimmers with lower arousal (higher
levels) to perform better than the swimmers with higher arousal (lower
NIC—=r levels)o This comparison cannot be ignored* The arousal level one 
actually ends at prior to competition is just as important, and perhaps 
even more important, than differences in arousal change from a basal 
level to a pre=competitive level0

As Krahenbuhl et al0 (1978) has found in a study of student 
pilots, both change scores (from basal to flight conditions) as well as 
flight conditions alone can demonstrate high catecholamine response0 
Control and experimental groups1 ME excretion during in=flight spin 
training showed a 3l$  increase of ME excretion for the experimental 
group over the control group0 The control group, which did not experi
ence two simulator training sessions, showed a 91% increase in E produc
tion during the in-flight spin training0 Krahenbuhl, et alo pointed to 
the experimental groups1 ability in dealing with the stressor presented 
as an indication of the two groups1 disparity in ME and E product!on*
This difference points to the importance of cataloguing a pre-competition 
catecholamine score as well as a change scoreo

Krahenbuhl (1972) also examined total catecholamines (ME plus E 
in both basal and stressful situations), as have Krahenbuhl, Marett and 
Reid (1979) s and Krahenbuhl, Marett and King (1977) => In the present 
study, total catecholamines in both the basal and pre-competitive situ
ations were examined relative to all other variables, with no significant 
relationships resulting*
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Due to the design of the present study, it was not possible to 

ascertain in which individual subjects too much arousal occurred^ For 
the total group of swimmers9 however 9 it appears that the physiological 
pre~competitive catecholamine levels were sensitive to measuring a 
possible performance/arousal relationship whereas the psychological CSAI 
measure was note A correlation between a physiological measure (skin 
conductance) and swimming performance was also found by Nideffer and 
Yock (1976)o They found that better swimming times correlated with 
lower pre-competitive arousal levelso

This is contrary to Oxendine1s (1970) proposal that a swimmer 
must be highly aroused for better performance0 However, further inves= 
tigation is recommended since both sprinters and distance swimmers were 
combined in the present study and such factors as race strategy, fine 
motor skill usage, and concentration on turns and finishes may have a 
bearing on the arousal/per formance relationship0

Surprisingly, no known studies have attempted to relate cate
cholamine production prior to sport field situations with performance, 
but rather have related catecholamine production during sporting events 
to performance;, Indeed, "only a few studies have described the sym
pathoadrenal response in athletes during competition" (Blimkie et al<, 
1978sl88)o In fact, Blimkie et ale (1978) has been one of the few 
studies which has attempted to observe catecholamine production during 
competition0 They studied youth hockey participants' catecholamines 
during three states: resting, submaximal, and hockey competition0
Delineations between physical and emotional stressors were not made, 
and no relation to performance was attemptedo E increases only occurred
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in the older age group during hockey; NE increases (over resting) 
occurred for all age groups, in both submaximal and game situationso 
Studies such as this have not attempted to predict performance, but 
rather to describe ito As a result, the workload itself has had a great 
influence upon catecholamine output during the event (particularly, it 
would appear certain, upon NE increase)0 Therefore, no comparison can 
be made between the results of this study and the catecholamine findings 
of the present study0

Since the swimmers all performed during the trials portion of 
the PAC-10 Swim Championships, it may appear that their efforts were not 
all-out attemptSo However, performance scores ranged from 95o56 to 
105o21, with all but one swimmer improving his time0 Admittedly, indi
vidual swimmers could have: (1) had an easy event (qualifying almost
automatically for finals); or (2) not been interested in their first 
evento The first occurrence seems unlikely, since only three of eighteen 
swimmers qualified in finals at all —  one of whom eventually won the 50 
freestyle (which is an all-out effort sprint event)o The second possi
bility is more likely —  but only one swimmer (subject #11) did not 
improve his time0 The quality of talent in the PAC-10 meet, as well as 
the fact that swimmers were trying to qualify for National standards, 
tends to preclude this possibility= Therefore, it appears that perfor
mance scores of this high quality represent a cose to all-out, if not 
all-out, efforto

The original intent of this study was to compare each swimmer’s 
performance relative to others by examining those swimmers who qualified 
for Championship Finals, Consolation Finals, or did not qualify for



either finalso However, the uneven cell distribution (1, 2, 12, respec
tively) made it impossible to measure performance relative to others 
with any veracity0 The performance relative to others measure will be 
discussed more thoroughly in Redommendations0

The production of catecholamines was fraught with heterogeneity 
(see Table l)o It is noteworthy —  to demonstrate between-subject vari
ability —  that different individuals produced the various extremes in 
rangeso Diuresis (the amount of urine excreted), it was felt, was not 
a factor in the between-subject variance, since it was controlled for 
by use of catecholamine ratio scores0 Additionally, diurnal variation 
(catecholamine production variability due to time of the day) was not a 
factor, since urine collection was performed at the same time for each 
experimental condition0

Neither the SCAT (r = <,04) nor the CSAI pre-competitive (r = 019) 
scores correlated significantly with performance scores0 This finding 
is in contrast with the predictive ability of both the SCAT (R = <>52,
F = 39o31) and the SMAF (State Modified Adult Form of the SAI) R = <>70,
F = 32o45, £ < =05) used by Gerson and Deshaies (1978) in a study of 
National Women's Intercollegiate Softball Tournament players0 The SMAF 
is a previous name for the CSAIo While the SCAT and SMAF were utilized 
for anxiety measures, batting average was the criterion for performance0 

Sonstroem and Bernardo (1981) used the SCAT and CSAI to predict 
female basketball performance (total points /tp7 and composite perfor
mance scores £pE8FJ) 0 Grouping high (range, 26=30), medium (19=25), 
and low (12-18) SCAT scores by natural breaks, they found a non
significant trend between moderate trait anxiety and best performance.
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and between high trait anxiety and poorest performanceso State anxiety 
effects upon performance were significant (TP, F = 5=47, j> <o01; PEKF,
F =  5 = 1 2 ,  2  < = 0 1 ) o  They concluded that moderate state anxiety would tend 
to produce better performance in university women basketball playerso 

As noted earlier, the present study showed no correlation be
tween swimming performance and anxiety as measured by the psychological 
trait and state tools0 To attempt to approximate the design of Sonstroem 
and Bernardo's study, high (n = 6 ) ,  medium (n = 4 ) ,  and low (n = 5 )  

trait groupings were assigned ex post facto0 SCAT scores ranged from 
25 to 29 for the high group, 20=22 for the medium group, and less than 
or equal to 1 8  for the low group0 Performance scores of these groups 
were as follows: high (X = 1 0 2 o 8 ,  SD =  1 06 ) ,  medium (X -  1 0 1 0 5 »  SD =

3 o 7 ) ,  low (X, = 1 0 2 * 7 ,  SD = l o 7 ) o  It is obvious from examination of 
means and standard deviations that no differences existed between groups* 
Logical groupings did not fit the state anxiety measures, so similar 
groupings were not tested* The lack of a trend similar to that of the 
Sonstroem and Bernardo study may be due to the homogeneity of perfor
mance, the skill levels of the performers, or the numbers of subjects* 
Weinberg and Genuchi ( 1 9 8 0 )  confirmed that low trait and state anxiety 
in golfers correlated significantly with better performance scores* How
ever, Easier, Fisher and Mumford ( 1 9 7 6 )  could find no statistically sig
nificant correlates between Spielberger's STAI and varying complexities 
of gymnastic performance*

The differing results of the present study compared to those of 
previous studies may be due to the requirements of the sport of swimming 
versus the requirements of basketball, golf, and gymnastics* As Oxendine
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(1 9 7 0) has suggested, differing task demands may require differing 
arousal responses for better performanceo Thus, the simple movement 
skill (such as weight lifting) may require high arousal while a complex 
motor task (golf) may require only slight arousalo Oxendine has placed 
"swimming races" in the former category, number four on a scale of one 
to five with five being "extremely excitedo" The results of the pres= 
ent study, as far as the psychological tools are concerned, can neither 
support nor dispel this claimo It appears the correlation between pre= 
competition arousal as measured by the SCAT=SCAI and performance is 
dependent upon several variables: complexity of task demands, the in
dividual” s perception of others” judgment, the type of performance 
scores being utilized, and, of course, the design of the studyo

Experience-Anxiety Relationship 
In order to determine if experience levels had any effect upon 

pre-competitive anxiety levels, one-way ANOVAs were computed between 
both two (high, low) and three (high, medium, low) level experience 
groups and catecholamine ratio and CSAI pre-competitive scores (see 
Table 5)o It was believed, as previously mentioned, that the initial 
two-level experience grouping did not discriminate well enough between 
the ranges of high performers0 Thus, the decision was made to further 
divide the initial "high" group into two groups: those individuals who
had competed in Olympic Trials (high), and those individuals who had 
not competed in Olympic Trials but who still had competed in national- 
caliber swim meets (medium) 0 The results indicated no significant dif
ferences between either experience level grouping and any of the anxiety 
indicants, contrary to the hypothesise
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Table 5o Analysis of variance comparing swimmers' experience level 

with physiological and psychological indicantso

Experience
High, Lowa High, Medium, Lowb

F df 2 F df 2

Catecholamine Ratio 04l 1 o53 =20 2 082

Catecholamine
Pre-competitive oOO 1 =96 =28 2 =76

CSAI Pre-competitive ol4 1 o71 1=38 2 =29

a(High Experience, n = 11; Low Experience, n = 4)
^(High Experience, n - 6 ; Medium Experience, n = 5? Low Experience, 
n = 4)
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Fenz and Epstein (196?) found novice sport parachutists' arousal 

levels (measured by skin conductance, heart rate, and respiration rate) 
continued increasing up to the jump sequence prior to a jumpo On the 
other hand, experienced jumpers displayed an "inverted V=shaped" curve 
(Fenz and Epstein 1967s43); that is, their arousal level increased 
prior to the event, but immediately before the jump, the arousal levels 
returned to nearly normal0 Of course, the present study did not meas
ure physiological indicants so drastically close to the event in ques
tion, and it must be remembered that the catecholamines found in urine 
are an indication of total catecholamines sloughed off as waste matter0 

Thus, the immediacy of reaction measurement is somewhat hampered0 

Results of the present study, however, do not agree with Fenz and 
Epstein's results, primarily because there was no truly "novice" group 
with which to compare resultso As previously indicated, the subjects 
were a highly trained, very select group of individuals who had to meet 
qualifying times to even enter the PAG-10 Swim Championshipso Thus, the 
experience level discrimination —  even with three groups instead of two 
—  appears to have been extremely slight0 Perhaps if novice swimmers 
were compared with university-level swimmers, catecholamine elevation 
would have borne out Fenz and Epstein's conclusions regarding physio
logical anticipation,:

Blimkie et alo (1978) studied 11 to 23-year old hockey players, 
but, since they did not discriminate between ability or experience 
groupings, it is difficult to draw any experiential-related conclusions 
from their resultso Okada et alo (1972s71) controlled experience as a 
factors "All the players in Japan have begun the game barely not more
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than three years ago? individual difference as to the experience looked 
scarcely meaningfulo" It is impossible in these two studies to discern 
whether experience was a factor in the elevation of the catecholamines0

Physiological^Psychological Anxiety 
Relationship

To determine if the basal psychological and basal physiological 
measures correlated significantly, Pearson’s product Moment correlations 
were computed between the SCAT scores and the basal catecholamine levels, 
and between the basal CSAI score and basal catecholamine levels (see 
Table 6 )» As hypothesized, the results indicated a low correlation0 

In order to determine whether the pre-competitive psychological and pre- 
competitive physiological measures correlated significantly, Pearson's 
Product Moment correlations were computed between the pre-competitive 
CSAI scores and pre-competitive catecholamine levels0 The results, as 
hypothesized, indicated a low correlation0 This .concurred with Gill’s 
(1980) findings of volleyball players’ sweat index scores and the SAI, 
in which all intercorrelations were below o20 and insignificant0

In order to determine if the combination of catecholamine ratio 
score and CSAI pre-Competitive score was a better predictor of perfor
mance than either measure alone, a multiple regression analysis was 
performed on catecholamine ratio and CSAI pre-competitive scores0 The 
results, contrary to the hypothesis, indicated no significant difference 
between the combination of predictors (R = ol094) and either measure 
alone (see Table 4) 0 Since the intercorrelation between psychological 
and physiological measures was low, it is not surprising that the 
multiple regression analysis which combined both indicants showed no
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Table 6 0 Pearson correlations between physiological and psychological 

basal and pre-competitive anxiety measuresc

SCATa CSAIb
£

CSAI0
r

Catecholamine'3 0 0 3 =028 -o30
Catecholamine6 .2 1 —o08 ol5
CSAIb o23 =33
CSAIC 067""" o33 -=

aSCAT Raw Score
^Basal Measurement
cPre=competitive Measurement
"Significant at the olO level 
°"Significant at the o05 level 

"""Significant at the o005 level
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significant difference between the two measures combined and either 
measure alone0

Pearson's Product Moment correlations were used to test the 
hypothesis that SCAT scores would be a better predictor of CSAI-measured 
anticipatory anxiety than of catecholamine-measured anticipatory anxiety,, 
As hypothesized, the results (see Table 6 ) indicated that SCAT predicted 
CSAI-measured anticipatory anxiety better (r = 0 6 7, < 0OO5 ) than it
predicted catecholamine measured anticipatory anxiety (pre~competitive 
catecholamine, r = 021, jd > o10) 0 The SCAT'S ability to predict state 
anxiety as measured by CSAI scores is consistent with the findings of 
Martens and Simon (1976) and Martens et al„ (1979), whose SCAT-CSAI cor
relations were 065 and 06l, respectively0 This is also consistent with 
the findings of Weinberg and Genuchi (1980), Gerson and Deshaies (1978), 
and Scanlan and Passer (1977)o In summary, the psychological indicants 
do predict themselves from trait to state situations better than from

1 .trait psychological to pre-competitiye physiological situations,, Lacey 
(1967)» in dealing with partial and total bodily response concepts, 
divided analysis of arousal into electrocorticol, behavioral, and 
autonomic areas0 He described this delineation as "situational stere
otypy" and indicated that the three areas should be studied separately0 
Thus, there is an historical justification for separate study of psycho
logical and physiological factors influencing sport performance,,

Conclusions
From the results of this study, the following can be ascer

tained:
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lo There is a statistically significant increase in catecholamine 
production from basal to pre-competitive situations in college-age male 
swimmerso

20 There is a statistically significant increase in anxiety meas
ured by the CSAI from basal to pre-competitive state situations in 
college-age male swimmerso

3o It is difficult to conclude what the exact relationship is be
tween arousal and swimming performance0 Arousal is measured by psycho
logical measures and catecholamine ratio appeared to have no influence 
upon performancep However, performance was influenced by arousal when 
only pre-competitive catecholamines were examined0 Although the 
relationship was slight, swimmers of lower arousal level tended to per
form better than swimmers of higher arousal levels®

40 The combination of psychological inventory and catecholamine 
measurement is no better than either type of measurement separately in 
predicting performance in college-age male swimmers,, Pre-competitive 
arousal as measured by physiological catecholamine indicants appears to 
be more sensitive than psychological measures when examining the 
influence of arousal on performance —  at least as performance is 
defined in the present study0

5® Individual arousal responses to a competitive situation appear 
to be relatively unaffected by experience levels in college-age male 
swimmers (of course, lack of heterogeneity in experience levels may have 
influenced the results)„

60 Trait psychological inventory will predict state psychological 
inventory better than it will predict state physiological measurement®



Recommendations 
The techniques of analysis of catecholamines, procedures for 

collection of urines and administration of psychological inventories, 
and selection of quantifiable performance and experience measures for 
this study seemed adequate0 While those aspects of this study were in 
many ways successful, however, a few areas could be improved upon or 
expanded for future studies of this natureo

Due to the stringent qualifying standards of the PAG=10 Cham~ 
pionship Meet and the need to establish different performance scores for 
individuals, it is recommended that future studies utilize various com= 
petitive situations0 By determining both physiological and psychologi
cal anticipatory anxiety prior to practices, dual meets of varying 
importance, and championship meets at conference and national levels, 
the researcher may go a long way towards determining optimal arousal 
levels during differing task demandso Since expected outcome of the 
event may have some bearing on the relationship between state anxiety 
and performance (Schwenkmezger 1 9 8 0), it is recommended that a paper- 
and-pencil test or survey (McAllister, personal communication 1 9 8 1) be 
utilized to test for expected and real outcomeso

Closely related to this performance problem is the problem of 
homogeneity of experience groups« It is recommended that future studies 
assure a broader spectrum of skill and experience (ioeo, have a truly 
"novice" group as well as a truly "high experience" group) to further 
examine the question of experience as a function of pre-competitive 
arousalo Measuring anticipatory anxiety at meets of lesser importance 
would assure the researcher this broader range of experience levels0
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The attitudes and performances of differing personalities in 

sport situations is an interesting question,. It is recommended that 
sprinters and distance swimmers be examined separately for both physio
logical and psychological arousalo This may help in better understanding 
performances of specific athlete-typeso Additionally, studies which 
seek to determine the degree of gender-related differences in antici
patory arousal would go a long way towards advancing knowledge in the 
ever-expanding field of psychosocial study of anxiety, arousal, and 
performance,.

Originally, a performance relative to others measure was planned 
for this studyo This type of measure has been utilized in many field 
study situations —  usually in an ex post facto manner0 It became evi
dent that this would not be feasible in the present study, due to three 
distorted cell sizes: Championship Finals (n=l), Consolation Finals
(n=2), and Out of the Competition (n=15)= No other groupings appeared 
logical, although it was suggested that arbitrary groupings could be 
made and analyzed0 This suggestion was rejected primarily because the 
purpose of the performance relative to others measure was to show par
ticipants' attitude towards their competition,. It was felt that an 
arbitrary grouping would reduce the effect and legitimacy of the per
formance relative to others measureso

While the performance relative to others measure was not used 
for analysis in this study, it is strongly recommended that the measure 
be utilized in any further studies,. Size of sample and the degree of 
homogeneity of subjects must be assessed in any further use of the per
formance relative to others measure0



Due to the obvious individuality of catecholamine responses in 
humans (see Table 1), it is recommended that a case study approach be 
utilized, especially in field=study situationso This might allow the 
researcher to better isolate unnecessary variables,.

Studying the union of the mind and body in athletic situations 
is an excellent approach to study of arousal and performance,. As demon
strated earlier, there is, in fact, an "independence and interdependence" 
(Martens 1974:161) between autonomic, behavioral, and electrocorticol 
forms of arousalo It logically follows that study of the various forms 
together, as well as separately, can prove to be valuable= The gestalt 
study of these three forms of arousal will help researchers understand 
broad concepts, while the study of the three forms separately may be 
more practical» In a very pragmatic sense, for example, the existence 
of an inexpensive and easily administered and scored paper-and-pencil 
anxiety measurement tool (SCAT, CSAI) can prove important for the coach 
or athleteo Thus, the study of a combination of forms stems from the 
philosophy that one cannot separate mind and body and approximate real- 
life situationso The study can also provide the serious researcher a 
system of checks and comparisons between the accuracy of the three 
formso In order to realize a practical application, researchers must 
eventually study the Athenian ideals homines in toto„ It is, there
fore, recommended finally that future studies utilize both biochemical 
and psychological tools of measuremento



APPENDIX A

CONSENT FORM

HUMAN SUBJECT CONSENT FORM

To Whom It May Concerns
You are being asked to participate in a research study entitled "In
fluence of Anticipation on Swimming Performance as Measured by Cate
cholamine Levels and Psychological Inventory0" The data obtained in 
this study will give the researcher and coach an increased understanding 
of swimmers’ performance0 This study should provide valuable insights 
into the question of an optimal arousal level for top intercollegiate 
male swimmers0

Your participation in this study is completely voluntary =, Participation 
will entail filling out a personal data sheet (takes one minute) and 
three questionnaires (each taking five to ten minutes), plus providing 
a specimen of urine for three periods of time during the competitive 
season* The questionnaires will be Completed during the same time the 
urine is provided, twice before practice sessions, and once immediately 
preceding the PAC-10 Swim Championships* There will be no costs, bene
fits, or risks to you from your participation in this study* There are 
no direct medical risks to you, since you are only being asked to submit 
a specimen of urine* You may withdraw from the study at any time, and 
you may refuse to answer any questions or participate in any way without 
incurring any ill will or affecting your University of Arizona or team 
standing* Be assured that all questionnaires and results of urine 
samples will be kept confidential, and names coded to assure further 
confidentiality* Your responses and results will be grouped with those 
of other swimmers to provide the researcher with the proper information* 
Any information used in locating participants individually will be 
destroyed at the conclusion of the study and no record will be kept of 
your individual participation in this study; the results, in coded form, 
will be published* Additionally, you will be asked to abstain from 
coffee, vanilla or vanilla extract, tea, alcoholic beverages, tobacco, 
soft drinks, and marijuana for a period of twenty-four hours prior to 
urine collection*
Many thanks for your participation in this study* The success of the 
project depends upon your help, and I believe you will find the results 
interesting* I will provide you with a summary of the results of the
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study upon request0 A copy of this consent form is available to sub
jects upon requesto If you have any questions concerning this research, 
please do not hesitate to call me at the number listed below0

Bob Rinehart
Department of Physical Education
The University of Arizona
(6 0 2) 626-3407

I have read the above "Human Subject Consent Form0" The nature, demands, 
risks, and benefits of the study have been explained to me0 I under
stand that I may ask questions and that I am free to withdraw from the 
project at any time without incurring ill will, or without affecting my 
University or team standingo

Subject’s Signature Date

Witness’ Signature Date



APPENDIX B

1979-80 SWIM QUESTIONNAIRE

Directions?
Please circle all applicable levels you have competed ins

High School Dual Meets 
High School League Meet 
High School Section/State Meet 
College/University Dual Meets 
College League Meet 
NCAA Nationals

AATJ Dual Meets
AAU League Meets
AATJ State Meets
AAU Nationals
International Competition
Olympic Trials
Olympics

Name - .  ■__________________
Yr0 in School Frosh Soph Jr Sr
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APPENDIX C

URINE COLLECTION PROCEDURE

24 Hour Preparation Period
Minimal exercise and stress
No vanilla or vanilla extract
No tea, coffee, or soft drinks
No alcoholic beverages, tobacco, or marijuana

Urine Collection Procedure
Between 10s45-11s00 AM void completely (into toilet)
Record the time on the urine sample cup wrapper 
Drink one glass of water (8 oz0)
For the next hour, void all urine into the urine sample cup 
(reseal sample cup after each use)
At end of hour, void completely into sample cup
Record time of last voiding on sample cup wrapper
Take the paper and pencil inventory
(Since accurate measurement is contingent on volume urinated 
in a given time period, be sure to void all urine into sample 
cup and record times according to above procedure)
Put urine sample cup into paper bag
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APPENDIX D

ILLINOIS COMPETITION QUESTIONNAIRE.; FORM A

Name '______________________  Number  Age  Sex___
DIRECTIONS: Below are some statements about how persons feel when

they compete in sports and gameso Read each statement and decide if you 
HARDLY-EVER, or SOMETIMES, or OFTEN feel this way when you compete in 
sports and gameso If your choice is HARDLY-EVER, blacken the square 
labeled A, if your choice is SOMETIMES, blacken the square labeled B, 
and if your choice is OFTEN, blacken the square labeled Co There are no 
right or wrong answerso Do not spend too much time on any one state
ment 0 Remember to choose the word that describes how you usually feel 
when competing in sports and gameso

Hardly-Eyer Sometimes Often
1 = Competing against others is 

socially enjoyable □  a □  b □  p

2 0 Before I compete I feel uneasy d ' A P B □ o

3o Before I compete I worry about not 
performing well : D a □  b □  p

40 I am a good sportsman when I 
compete □  a □  B D c

5° When I compete I worry about 
making mistakes □  a □  b □  c

6 0 Before I compete I am calm Q a • □  B p c
7o Setting a goal is important when 

competing O  A □  b Q c
8o Before I compete I get a quessy 

feeling in my stomach □  a □  b p c
9= Just before competing I notice my 

heart beats faster than usual □  a Q b o□

1 0 o I like to compete in games that
demand considerable physical energy [~~1 A □  b P c
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Hardly-Ever Sometimes Often
1 1 = Before I compete I feel relaxed D a □  b . D c
1 2 = Before I compete I am nervous D a D b D c
13= Team sports are more exciting than 

individual sports Q  A D b D c
14= I get nervous wanting to start 

the game D a D b D c
15= Before I compete I usually get 

uptight □  a D b D c



APPENDIX E

SELF-EVALUATION QUESTIONNAIRE 

NAME DATE

§ O
£

IQ

-p 0) O(tf -p 0rCj cd Efno CD >5E TS
O O CDCO >

DIRECTIONS; A number of statements which people have 
used to describe themselves are given below„ Read 
each statement and then blacken in the appropriate 
circle to the right of the statement to indicate how 
you feel right now, that is, at this momento  There 
are no right or wrong answerso  Do not spend too much 
time on any one statement but give the answer which H
seems to describe your present feelings besto ^

%
-P 
£

lo I 3^001 Sit ©as© O O O O O O O O O O O O O O O O O O

2o I f 0©1 n©rVOUS O O O O O O O O O O O O O O O O O O

3 o  I f 0 0I comfortabl© o o o o o o o o o o o o o o o o  (2)
I ain tans© o o o o o o o o o o o o o o o o o o o o  2̂) 3̂)

3 O I fe©l S©CUr© O O O O O O O O O O O O O O O O O O  (3)
6 o  I f 0©1 anXlOUS O O O O O O O O O O O O O O O O O O  1̂)

7 o  I sun relaxed o o o o o o o o o o o o o o o o o o o  1̂)
Bo I am jittery o o o o o o o o o o o o o o o o o o o
9 o I feel calm o o o o o o o o o o o o o o o o o o o
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APPENDIX F

CONDENSED CATECHOLAMINES PROCEDURE

Sample Collection and Preservation
Collect sample, record volume and excretion timesc Save about 

20 milliliters and acidify to pH 3 with 6 M HC1 using pHydrion paper0 
If sample is to be frozen for later analysis, add 150 pi 1C$ EDTA and 
150 ul 4# thioglycolic acid to the 20 ml in a glass scintillation vial 
prior to freezing at =35'° Co

Sample Preparation
lo Transfer 5 ml of urine to 25 ml beakero Add 15 ml phosphate

buffer and 50 pi internal standard solution CDHB] 0
20 Pour beaker contents onto isolation coiumn0 Allow to drain

completelyo
3o Wash with 10 ml H^Oo Drain completely0
40 Add lo5 ml of 0o70 M H^SO^o Disturb resin as little as possible0

Drain completelyo
5o Place reaction vial under column exito Add 4o0 ml of 2 M

(NH^^gSO^ to column and collect effluent0
60 Add 100 pi of %  thioglycolic acid to each vialo
7o In rapid succession, doing each vial one at a time, add 500 pi of 

3 M Tris buffer and 50 mg of alumina (with the special scoop)o 
Shake 10 minuteso

80 Aspirate, wash with distilled water, and aspirate to as near dry
ness as possibleo

9o Elute by adding 250 pi of lo0 M phosphoric acidD Shake 10 minuteso
10o Vortex mix briefly, filter supernate, then inject 200 pi onto the

Liquid Chromatograph with Electrochemical Detector0

57



LIST OF REFERENCES

Easier, M o  L o ,  Fisher, Ac C o  and Mumford, N o  L o  Arousal and anxiety 
correlates of gymnastic performance0 The Research Quarterly, 
1976, 47, 4, 586-589=

Berkun, M=, Bialek, H0, Kern, R= and Yagi, K0 Experimental studies of 
psychological stress in msm0 Psychological Monograph, 1962,
•76, 5 3 4, 1-39=

Blimkie, C o  J o  R o ,  Cunningham, D0 A0 and Leung, Fc Yo Urinary cate
cholamine excretions during competition in 11 to 25 year old 
hockey playerSo Medicine and Science in Sports, 1978, 10, 3, 
188-193=

Cannon, W 0 Bo Bodily Changes in Pain, Hunger, Fear, and Rage0 New 
York: Appleton, 1915=

Duffy, Eo Activation and Behavioro New York: Wiley and Sons, 1962o
Elmadjian, Fc Excretion and metabolism of epinephrinec Pharmacological 

Reviews, 1959, 11, 409-415=
Elmadjian, F0,  Hope, JQ M o  and Lamson, Ec T o  Excretion of epinephrine 

and norepinephrine in various emotional states= Journal of 
Clinical Endocrinology and Metabolism, 1957, 17, 608-6200

Elmadjian, F0, Lamson, E0 T c  and Neri, R0 Excretion of adrenaline and 
noradrenaline in human subjectso Journal of Clinical Endo
crinology and Metabolism, 1956, 16, 222-234= *

Eysenck, H= J= The measurement of emotion: psychological parameters
and methodSo In L= Levi (Edo), Emotions— Their Parameters and 
Measuremento New York: Raven Press, 1975=

Fenz, Wo Do and Epstein, S= Gradient of physiological arousal in
parachutists as a function of an approaching jump= Psycho
somatic Medicine, 1 9 6 7, 29, 33-51=

- Fenz, W o  D =  and Jones, G o  B 0  Individual differences in physiologic
arousal and performance in sport parachutists= Psychosomatic 
Medicine, 1972, 34, 1, 1-8=

Frankenhaeuser, M= Behavior and circulating catecholamineso Brain 
Research, 1971, 31, 241-262=

58



59
Frankenhaeuser, Mo» Myrsten, A0 Lo, Post, Bo and Johansson, Go

Behavioral and physiological effects of cigarette smoking in a 
monotonous situation0 Report of the Psychology Laboratory,
1970, Stockholm: University of Stockholm (No0 301)o

Frankenhaeuser, Mo and Patkai, P0 Catecholamine excretion and perfor
mance during stress0 Perceptual and Motor Skills, 1964, 19, 
13-14o

Frankenhaeuser, Mo and Rissler, A0 Catecholamine output during relaxa
tion and anticipation0 Perceptual and Motpr Skills, 1970, 30,
7 4 5 -7 4 6 0

Frankenhaeuser, M0, Sterky, K0 and Jarpe, Go Psychophysiological
relations in habituation to gravitational stresso Perceptual 
and Motor Skills, 1962, 13, 63-72c

Funkenstein, Do The physiology of fear and angerc Scientific American, 
1955, 192, 5, 74-80o

Funkenstein, Do Ho Norepinephrine-like and epinephrine-like substances 
in relation to human behavior□ Journal of Nervous Mental Dis
orders, 1956, 124, 5 8 -6 8 0

Gerson, R0 and Deshaies, P0 Competitive trait anxiety and performance 
as predictors of pre-competitive state anxiety0 International 
Journal of Sport Psychology, 1978, _9« 1, 16-260

Gill, Do Lo Comparison of three increases of pre-competition arousalc 
Perceptual and Motor Skills, 1980, 51, 765-7660

Howley, E0 To The effect of different intensities of exercise on the
excretion of epinephrine and norepinephrine0 Medicine and 
Science in Sports, 1976, _8, 4, 219=222o

Johansson, Go and Lundberg, U0 Psychophysiological aspects of stress 
and adaptation in technological societyo Report from the 
Department of Psychology, Stockholm: University of Stockholm,
1977 (NOo 494)o

Kauss, Do Ro Psychological states and athletic performance: the
effects of anxiety and activation on athletic performance0 
Unpublished manuscript, UCLA, 1976o

Kissinger, Po To, Riggin, Rc Mo, Alcorn, R0 Lo and Rau, Lo Do Estima-
of catecholamines in urine by high performance liquid chroma
tography with electrochemical detection0 Biochemical Medicine, 
1975, 23, 299=

Krahenbuhl, Go Stress reactivity in tennis players= Research Quarterly,
1971, 42, 1, 42-46o



60
Krahenbuhl, G0 A case study of the personality traits and catecholamine 

excretions of tennis playerso International Journal of Sport 
Psychology, 1972, 2, l4l-l49o

Krahenbuhl, Gc So Adrenaline, arousal and sport0 Journal of Sports 
Medicine, 1975, 3, 3, 117=121c

Krahenbuhl, G0 So, Marett, JQ Bo and King, No W0 Stress and Performance 
in T°37 pilot training (AFHRL-TR-77=3)o Williams Air Force 
Base, Arizona: Flight Training Division, Air Force Human
Resources Laboratory, May 1977 (NTIS No0 AD=A04l 734)o

Krahenbuhl, Go So, Marett, J0 Ro and Reid, Gc Bo Task-specific simu
lator pretraining and in-flight stress of student pilotso 
Aviation, Space, and Environmental Medicine, 1978, 49, 9, 1107=
l l l O o

Krahenbuhl, Go So, Marett, J0 Ro and Reid, Go Bo Stress and Simulation 
in Pilot Training (AFHRL-TR-78-95)o Williams Air Force Base, 
Arizona: Flying Training Division, Air Force Human Resources
Laboratory, February 1979o

Lacey, Jo I, Somatic response patterns and stress: some revisions of
activation theoryo In M0 Ho Appley and R0 Trumbull (Eds0), 
Psychological Stress: Issues in Research, New York: Appleton-
Century-Crofts, 1967c

Laird, Ho E 0 Personal communication, October 15, 1980,
Landers, D0 M0 The arousal performance relationship revisitedo

Research Quarterly for Exercise and Sport, 1980, 51, 77=90o
Langley, Lo Lo, Tilford, lo Ro and Christensen, Jc Bc Dynamic Anatomy 

and Physiologyo New York: McGraw-Hill Book Company, 1974o
Lundberg, U0 Urban commuting: crodedness and catecholamine excretion0

Journal of Human Stress, 1976, £, 26-34,
Mamdler, Go The conditions for emotional behavior0 In D, Co Glass 

( E d o ) ,  Neurophysiology and Emotion, New York: Rockefeller
University Press and Russell Sage Foundation, 1967c

Handler, Go The search for emotion. In L, Levi (Ed,), Emotions— Their 
Parameters and Measurement, New York: Raven Press, 1975c

Handler, Go and Sarason, S0 Bo A study of anxiety and learning.
Journal of Abnormal and Social Psychology, 1952, 166-173°

Hartens, Ro Arousal and motor performance. In Jo Ho Wilmore (Edo), 
Exercise and Sport Sciences Review (Volo 2), New York:
Academic Press, 19740



61
Martens, Ro Social Psychology and Physical Activity0 New York; Harper 

and Row Publishers, Inc0, 1975°
Martens, Rc Sport Competition Anxiety Testo Champaign, Illinois;

Human Kinetics Publishers, 1977o
Martens, Ro, Burton, Do, Rivkin, F0 and Simon, Jc Reliability and

validity of the Competitive State Anxiety Inventory (SCAI); a 
modification of Spielberger* s State Anxiety Inventoryo Paper 
presented to the International Congress in Physical Education, 
Quebec, 1979°

Martens, Ro and Gill, D 0 State anxiety among successful and unsuccess- 
ful competitors who differ in competitive trait anxiety0 
Research Quarterly, 1976, 4?, 4, 698-7080

Martens, Rc and Simon, Jo Comparison of three predictors of state
anxiety in competitive situationso Research Quarterly, 1976,
47, 3, 38l-387o

Mason, Jc W 0 A review of psychoendocrine research on the sympathetic- 
adrenal medullary systenio Psychosomatic Medicine, 1968, 30, 5, 
631-653*

Mason, Jc Wo, Hartley, Lo Ho, Kotchen, To Ao, Mougey, Eo Ho, Ricketts,
Po To and Jones, Lo Go Plasma cortisol and norepinephrine 
responses in anticipation of muscular exercise0 Psychosomatic 
Medicine, 1973, 35, 5, 406-4l4o

Mathew, Rc Jo, Ho, Bo To, Kualik, P0, Taylor, D0, Semchok, Ko, Weinman, 
Mo, and Claghorn, J0 Lo Catechol=o=methyltransferase and 
Catecholamines in anxiety suid relaxation0 Psychiatry Research, 
1 9 8 0, 3, 1, 85-91=

McAllister, So Personal communication, October 24, I98I0

Myrsten, Ae Lo, Post, B0, and Frankenhaeuser, Mo Catecholamine output 
during and after acute alcoholic intoxicationc Perceptual 
Motor Skills, 1971, 33, 652=654o

Nideffer, Rc Mo and Yock, To Jo The relationship between a measure of 
palmar sweat and swimming performance0 Journal of Applied 
Psychology, 1976, .61, 3, 376-378=

Okada, A0, Miyake, H=, Takizawa, Ao and Minami, Mo A study on the ex
creted catecholamines in the urine of bobsleigh-tobogganing 
contestantso The Journal of Sports Medicine and Physical Fit
ness, 1 9 7 2, 1 2 , 2 , 71-75o

Overzet, Jo Go and Wilson, VQ E0 An investigation into the pre-
competitive A-state levels of competitive speed swimmerso Paper 
presented to the International Congress in Physical Education, 
Quebec, 1979=



62
Oxendine, Jo B0 Emotional arousal and motor performanee0 Quest, 1970, 

13, 23-32.
Patkai, P. The diurnal rhythm of adrenaline secretion in subjects with 

different working habits. Acta Physiologica Scandanavica, 1971, 
8 1 , 30-34.

Biggin, Ro M. and Kissinger, P. T. Determination of catecholamines in 
urine by reverse=phase liquid chromatography with electrochemi
cal detection. Analytical Chemistry, 1977» 49, 13, 2109-2111.

Sarason, S. B., Davidson, K. S., Lighthall, F. F., Waite, R. R. and 
Ruebush, B. K. Anxiety in Elementary School Children. New 
York: John Wiley and Sons, Inc., I960.

Scanlan, T. K. and Passer, M. W. The effects of competition trait 
anxiety and game win-loss on perceived threat in a natural 
competitive setting. In D. M. Landers and R. W. Christina 
(Eds.), Psychology of Motor Behavior and Sport (Vol. II). 
Champaign, Illinois: Human Kinetics Publishers, 1977o

Schwenkmezger, P. Investigations into the cognitive theory of anxiety 
in the .'sport-motor area. Zeitschrift fur experimentelle und 
angewandte Psychologic, 1980, 27, 4, 607-630.

Selye, H. The Stress of Life. New York: McGraw-Hill, 1956.
Bondstroem, R. J. and Bernardo, P. Prediction of university female 

basketball performance by means of pre-game state anxiety 
levels. Paper presented to the National AAHPERD Convention, 
Boston, 1981.

Spielberger, C. D., Gorsuch, R. L. and Lushene, R. E. The State-Trait 
Anxiety Inventory. Palo Alto, California: Consulting Psy
chologists Press, 1970o

Sundin, T. The effect of body posture on the urinary excretion of
adrenaline and noradrenaline = Acta Medica Scandanavica, 1958,
161 (Supplement 356).

Thayer, R. E. Measurement of activation through self-report. Psycho
logical Reports, 1967, 20, 6 6 3-6 7 8.

von Euler, U. S. and Lishajko, F. The estimation of catecholamines in 
urine. Acta Physiologica Scandanavica, 1959, 45, 122-132.

von Euler, U. S. and Lundberg, U. Effect of flying on the epinephrine
excretion in Air Force personnel. Journal of Applied Physiology, 
1954, 6, 551=555o



63 

Weinberg, R. s. and Genuchi, M. Relationship between competitive trait 
anxiety, state anxiety, and golf performance: a field study. 
Journal of Sport Psychology, 1980, ~' 148-154. 

Welford, A. T. Stress and performance. Ergonomics, 1973, 16, 5, 567-
580. 

Zuckerman, M. The development of an affect adjective check list for 
the measurement of anxiety. Journal of Consulting Psychologr, 
1960, 24, 457-462. 




